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Y inin iR Connectors imi mpari I/0 (Keyboard & Tape) Read
e S ea Clock Generator Cassette Interface, Audio Out Timing Comparison 4 P
13.5 MHz — 14.5 MHz vee RAS I_l_l_l_l_'_l_,_l_,_l_l_‘_ Based on tape loading circuit from Leningrad—2. ’ ) ) ) vee
. D8 _ 1
Ideal frequency: 14.0 MHz "o Monochrome Video Out Audio/Video Out Load (Cassette Ear) ING148 Converts tape audio signal to TTL—compatible levels. R20 HI ' | | | ' | | | ' | | | ' | | 0
Improvement by Pruzak. _Ll_l_l_l_l_l_l_l_l_l_l_l_ 1 u32
{ R27 2 <[ Lo P vo (ML ] 7uis373
_ n . . B ~J
“ Increases signal level of RAS to 5V [ 6800 %fetgo being "’%Qef’i‘! by g '”S‘ef‘;?AoSf Video_Out For wiring to custom audio/video S 1 14049 2 9
ired by Zilog—made Z80s). , the rising and falling edges o : R — L,—l_l—‘_l—l 3 3]
14.00000MHz (required by Zilog—made s) and RAS are offset from those of HO. adapters, encoders etc LOAD_ST ﬁR 15 Kevboard Connector IN4148 U350 U35E U3sF U35A 5 |_|_|_|_||_|_|_|_| 0 ’ Do g 00
A female DE-9 connector is used T Tapeln_RD Y = KAQ 4049 R21 4049 4049 4049 1 TAPE_IN 5 D1 01
W so that joysticks can't be D) TN apeln_ b10 100KQ ‘_I l—l l—l !—I 0 8 02
Ly = Doubles as CPU clock signal. plugged in accidentally. i From cassette 9 0 11 2 14 5 3 2 Tape Data Input 03
Tl = 7MHz U2A _ . f u28 J7 IN4148 " " > TAPE_IN 1
U1A U1B u1c Pixel Shift 741574 TI = 7MHz Pixel Shift 741575 JP4 < Keybomrd.C EAR" connector (to computer) |- 0 o4
741504 741504 741504 (nverse) < = o { GND Stereo_Mode oD eyboard_Conn < 1 05
2 n 5 - 12] In 9 RAS/RAS = 3.5MHz —— T 4 D11 7 vce 06
: <D Q HO = 3.5 MHz -—Ho D Q RAS RAS = DRAM Row Access Strobe [}
1 2 3 4 6 14MHZ 3ke [0 11l ¢ utic Audio Out g Ear( _3 Save (Cassette Mic) IN4L48 1 07
e | e Ao - gM?z(PTxel L TP e 741586 1 % Mie ( -f— . < 0 T
hift (Inverse : -t D12 1 8
R1 R29 = i 9 RAS — DRAM Row Access Audio_Out . R vee Na1es In my first build of this computer, the audio output level was too high. 0 0E =
470Q 470Q T 10 8 Ras (Active High) 2 ="14¢ RN J6 This voltage divider (R30, R31) lowers the audio voltag(e. ) 1 ~
AUDIO T T A2 - KAL2 Here, the output from C6 should be about 0.92V peak—-to—peak (0.33V RMS). GND o
— \ — . . [AuDIO) By o ol TapeOut_WR [a12>—] 0 [kAL2 ) = 0 g
‘ Pixel Shift Generator DRAM Row Access Generator STOTSTETS IN4148 0 Outputs are enabled when TORD is
0 ~ e _ active (low). GND
Improvement by Konstantin Aigi. (cxemateka.ru) 4 O O GND GND ~ us3 R30 cé :
GND  Audio_Out < D14 9 74LS174 0 0.1uF _ 0
The addition of R31 makes the waveform of the clock output signal much cleaner. 2 GND 18 IN4148 5 AUDIO_TTL AUDIO_DIV BK V3 v2 vi
. . . AUDIO S Qo = = AUDIO > Audio Out (Line level, to TV) —
Originally only R1 would be installed here, with a value of 360 ohms. - AV_Conn Al4 <] KAL4 = 5 SAVE_TTL .
(orig ) n A i) bato Bus a1 -2 o 0 How to set stereo jumpers
1IN4148 0-4 gi 20| gggi B::d:: R:jen .
A5 1 [KALS > au X2 [Brpo S Border Blue c5 Keyboard Input — 2 HH]
e ° e H GND [a15) ~ 15 . Screen ®
Horizontal Video Timing as (8 o-uF Pullup Resistors Anate : ‘
vee vce Dual audio connectors aid in connection These diodes prevent the address =B _ N VP vee ‘a ignal :
to stereo TV sets/monitors. lines from sh‘:)m circuiting when IOWR = 1/0 Write Request SAVE To cassette "MIC" connector 1R5r\:<2§) 3 Sw:jgna L.—/\ ~
multiple keys are pressed at once. g 5 Screen Screen T_’
o = Attribute WNTULTL K] |
6.8nF 3 Sector IS0 5 -
15 = 3.5 MHz (T + 2) The speed at which the video display is drawn | Keyboard 1 (CXCIS] (8B pix.) @ Jumper disconnected GND
- N depends on the crystal frequency used. Inputs - = (mono plug)
1 = 1.75 MHz (HO + 2) 2 Screen [EETEEL )
10 = 875 kHz (H1 + 2) To account for varying crystal values, the ABCD input L 6 GG Attribute o« :]
9 = 437.5 kHz (H2 + 2) pins of Ué(determine the width of the horizontal Data Bus CPU 3 5MH 280A Reset circuit by Pruzak. 1 6KB 1 6Kb ot 8 ROM GND GND Sector JIS0IS
border. (e.g. the binary number that U4 starts i ( ) JE— ( ) 8XB pix.) [CAGCAITES m:l:
11 counting from when the border is active) Pullup Resistors ° r4 b3 ?rrSrvnenetscfeEds‘i; go&tage It x ( pix.)§ pix.) Signal
X I .
1 = 7MHz Pixel Shift 5 13 For example, in the 14.0MHz configuration, U4 will RN1 vee In the original reset circuit G—(i/\ LU
= :> BO X begin counting from 0011 when the border activates. o gl et circul . o . o
(Inverse) 4 zng =0 (according to sblive.narod.ru) 15K (without D3), R4 is 10KQ. Dlsplay/RAM T’mlng Log’c ‘
3514 a L vee vee — — Jumper connected GND
ClR = The screen width is fixed: U4 will always start 0101010101 Lower Border Lower+Right (stereo plug)
counting from 0000 when the screen is active. (48 pix. dawn) Borders Active
H1
@ When U4 rolls over from 1111 to 0000, the carry R4 D3 Sw2
output switches between border/screen mode. 1KQ IN4148  Reset U34A Inputs HO
GND GND The mo‘st‘ idfazlxcgls(ai frequem,;yl;s éAszHz (sfame RESET o# Active (low) when either Improvement by Konstantin Aigi. (cxemateka.ru)
_ as origina pectrum crystal). Deviations from ) the horizontal or vertical BORDER . N -
this speed will cause the screen to be drawn slightly N 1 U138 borders are active (low). Along with R28 and C8, delays SCR pulses to Screen RAM Data tO PIXEI StrObe Generator
U3 CARRY off center, but will otherwise work fine. TouF 16V 741508 { U34A NAND Output fix line drawing.
While this also affects the speed of tape I/0, tapes vee GND BK = Vertical Border U130 Konstantin recommends 1nF, but | found it
JP3 will reportedly load successfully at any speed BORDER BORDER = Border Active works best with around 220-330pF. .
Utp15_ClkDvd_Set between 13.0 to 14.5MHz. vee U20 BS = Horizontal Border U34A 741508 Parallel-to-Serial
P GND - z80a 741510 o Shift Register
155 03— HL = 1.75 MHz , TAS = DRAM Column Access Strobe
—— 3 HO = 3.5 MH.
NT U4P15 I:I RS 26| RESET 9 A0 ~ z [HO ) 3 vee vee
P2 10KQ ﬁ u28 u30
J— | |
Utpt_ClkDvd_Set vee RAS = DRAM Row Access Strobe (3.5MHz) | [RAS 6 LETR A3 U108 U29E 10 < 74L5165 o 74LS194
| s ﬁg 741502 741504 220pF 05 S a7}l U2BPIXDATA 3 [0 o g |45
RN 9 7415193 17| A T " . Do a7 Lx x% PL > at %X
u4PL — — A RDROM = CPU ROM Read [RDRGM = a o SCR D1 %= P2 2 2%
o1 UA o = 218.75 kHz (H3 + 2) INT = Interrupt Request (I/0 to CPU) | [INT 18 it 2; > Address Bus [ROROW)—¢ _235¢ 3 H2 = 875 kHz GND bata Dutout D2 x5 p3 33 2 Pixel Data
B = 109.375 kHz (H4 + 2) 3] U13A U298 When WRBUF,/WRBUF s active, data is loaded ‘ from DRAM 03
U4p10_ClkDvd_Set 10 - - A9 H rom 2
9 c = 54.6875 kHz (H5 + 2) T = CPU Opcode Fetch AL0 741508 74LS04 from RAM into the data bus output buffer. l_l_l_l_l_l_l_l_l_l_l_l_l (4000-57FF) D4 vce 5 Dsr
15503 D = 27.34375 Kz (H6 = 2) RFSH = CPU DRAM Refresh Request A1 6ND HO = 3.5 MHz D5 7| pet
N 11 | toap WAIT = Memary or 1/0 Not Ready A2 o U34A Inputs HO R28 33 9 {¢
U4P10 U3sC A13 H1 = 1.75 MHz (Inverse) 2 150Q 10 =
U3_CARRY — BORDER —
U3_CARRY 2 b 50 L3 741510 ﬁig ) WRBUF | I _ SCR_DELAY 1 e vee "
< 1 *C)O;’N o BS 9 | usea NaND outeut I L Tl = 7MHz 5 [MD—pce
S LR 3 SS = Horizontal Sync RD = CPU Read DO 0 U108 Inputs p‘{\?\/e‘il‘e{; ™ T 1 =]
o WR = CPU Write D1 U13A Inputs H2 | | | | | | Improvement by Pruzak. 8 Ce 5 gqMr &
- MREQ = CPU Memory Request D2 AL SCR B
1-2 Connected = VCC (1 R H1 . . .
2-3 Connected = GND go)) A4 Improvement by Albert IORQ = CPU 1/0 Request D3 U29E Input {UiOB NOR Output (SCR) J-I I-I This h ?ela)f/rsx S(Z!?'pu:;esI 360pF | o
f N S Data Bus s helps a graphica
u3sc u29c Nikolashin. (aka—richi.narod.ru) D4 | ina (i
GND GND U348 Input WRBUF o glitch when drawing lines. ~
741532 74LS04 . . D5 U29E NOT Output (SCR) —L| L|
By default, the Leningrad—1's CPU_HIGH 25 - - - It also fixes the copyright GND GND GND GND GND
Improvement by Pruzak. T T8 horizontal sync pulse is 3 BUSRQ D6 WRBUF pyrig
U4_LOAD " 23 a | | | | | | | | | | | | | symbol text character.
times longer than the PAL %44 BUSACK 2 D7 dedododo Without this. the riohtmost ‘
Recommended for correct standard. Some displays won't o pixels of the symgbol are
operation of U4. co JL work unless the sync pulse is = not drawn properly Used as a delay. The pixel data that enters on pin_2 shifts
— shorter, N ) through Q0—Q2 for 3 clock pulses (rising edge of TI) before
Without this capacitor, 220pF _ being output on Q3 (pin 12) on the 4th clock pulse.
SCREEN switches to BORDER The addition of H5 to the NAND S t RAM ROM R d L - RAM
before the rightmost 8 USA inputs shortens the sync pulse. GND 64K S em / ea o lc
pixels can be drawn. GND 741574 16K 16K 16K 16K y g
U’ _CARRY ¢T "E o o o  ufo This logic instructs the RAM output buffer Capacity of individual ICs: 64Kbit x 4
- ; w w w Tty i
JP1-3 Settings (source: zxbyte.ru U38A BS 2[p 1 g |5(Fg) BS = Herizontal S-kleg-kle-&8-k& and ROM to send data to the CPU. Total capacity: 64Kbit x & (Only upper 48KB used) System RAM System RAM
Pin 9 (D) is 5 (oource: zabyte.ru) 741532 3he Border : . e s mle o mle e vee vee
I I wi .
Pin] Pin] Pin 1 vee| o TfeBS RAM, I/O Read-Write LOglC Ay . Input Buffer Output Buffer
10| 1 |15 3 SRR U E B Active (high) if both A14 u22
(©) | (8) | (A) BS 2 - ) ) and A15 are low. o 41464 vee vee
X1 Frequency [JP1[JP2[JP3 l A15 | ] ] (Lower 16K of 64K = 5 U3 u27
I3BMHz [ T [0 | T address space) g Do 3 MD5 » o 7415373 o 7418373
140MHz [ L [ 0| 0 ’ U14B output(goes low on every gnd bt 15 GMD6 Y J a
1431818 MHz/145 MHz | 0 | 1 | 1 U4 carry. (when border begins, — — iah If RD — o W57 ~ 1
Low if RD and RFSH igh If RD and RFSH u100 S 00 S 00
are both inactive (high). are both inactive (high), 741502 U124 03 CMns = ot = ot
and MREQ is active (low). 741500 = =
11
vce 3 LOWER_16K 03 Data Output 03
. o . o U7A U10A
f DRAM
Vertical Video Timing o 5, P S { ) ) i D&— RIRG RORGH = cou rom Reas o 0
2 3
3 Active (low) if CPU is readin 06 06
vce Ql =X 1 12l 10 9 — g
BK 1 A s D Q =X memary from lower 16K of 64K BAE _ 07 07
PCK Q2 —xX MREQ = CPU Memory r—== S = Row Access Strobe
7 | Reset el I Reques{ VREQ >—2 o ' 1. Mg ) MREAD is active (high) if the CPU MREAD = CPU Memory Read adg[ess s;t);e:ce. %onn:ctid tobll?OM TIE - Column Accoee Strobe
2 | gnanle Qs |8 RAS = DRAM RAS Inactive [RAS Q [2{WE » WE = RAM VWrite Enable is reading from RAM or ROM (RD |———————— MREAD o8 chip enable and output enable. W o s oo - . WRBUF = Load data from RAM .
RD RESH d MREQ both acti —_ WE = it WE =
il RD_RFSH an are both active) Ut0c 781500 OF = Output Enable g E = RAM Write Enable 0E = CSRAM = CPU RAM Read z
vce u12p T 741502
H1 = 1.75 MHz (I = o
GND 741500 £ L7 e (verse) RD = CPU Read TSRAM = CPU RAM Read & & A A
s U7A_CARRY o5 - CPU Read l = ead [RD) CSRAM = ea 74LS373 Functionality
= ea
9 7415193 u78 ;i i VBED —
| U34B U9B acts as a synchronized inverter MREQ = CPU Memory Request [ MREQ : - BDROM ic nact ; : Tatch Enable GND GND
4520 — N Active (low) if RDROM is inactive (high) GND GND Pin 11 (Latch Enable) Low: Output Data Latched
5, 9 741510 RFSH = CPU DRAM Refresh Request 13 it o e e o Rhs. and MREAD is active (high). Pin 11 (Latch Enable) High: Outputs Follow Inputs
1 = “ - . . When WE is active (low), the computer can write to the RAM. ) N 3
10 B e ) vee 9 Q1 12 FL_CLK When T is low, WE will be forced In other words, active if CPU is reading When WE is inactive (high), the computer can read from the RAM. Pin 1 (Oufput Enable) Low: Outputs Active
o ) — c KS = Vertical Sync 15 P>CK Q2 ?x FLCLK = Timing for BASIC inactive (high) regardless of the memory in upper 48K of 64K address space. Pin 1 (Output Enable) High: Outputs Disabled
BK = Vertical Border D T o Reset Q3 m flashing text command In the original circuit, Yamaha AY music state of RAS. OF generation circuit for 4—bit DRAM based on U290 o .
1" Enable Q4 =X commands conflict with the 1/0 circuitry. When T hiah. the outout wil design by Riolhk (zx—pk.ru). 741504 U378 ?Asapltmq t‘hel iu;ou*s does not affect operation of
LOAD en HI goes high, the output wi 741508 e internal latches.
< ‘ This is fixed by the addition of U14B and U37C. remain high until the next update. In Rio444’s circuit, MREAD and H1 are connected 9 8  WREAD
BS = Horizontal Border BS 2 by P Bo L3« u13c GND BK + 32 iid to a NOR gate that outputs the OE signal. OE = DRAM Output Enable
X——HOWN . o The circuit seen here functions the same way, N
14 [ep % , 741508 Clock (pin 1) advances on BK rising edge. Usre - 741532 but uses two existing gates that are otherwise [FD . . . .
N . 12 — unused to reduce companent count. From https://zxbyte.ru/leningrad_video_out.htm
< - 8 Switches between high/low every 32 frames. 741508 U148 11 (75m5 1OFD = 1/0 Read _| Active (low) if TORQ, and RD - Pixel/Color Combination & Video Output
GND BK 10 Pixel data is inverted when FL_CLK and color 741532 RD = CPU Read [RD>-13 Request are both active (low). WRBUT U9A Original:
data bit 7 are both high. UL6A 74LS74 MpasunvHee Gyder, e(cxm 370T MynbTunaexkcop byder He K)ﬂli, a KM16: y wero no npuxody
racsawero umnyasca (korda wa sbisod 15 nodaércs nor.1) Bbixodbl ycTanasausawTcs B sor.0,
U5 CARRY GND (Approx. 1.56Hz/every 0.64 seconds) P 741532 VI = CPU Opcode Fetch 2l g [5ETS WA = M 1/0 Not Read 4To cooTBeTCTByeT 4yepHoMy useTy. B oTauume ot KM16 y KM11 npu nodave sor.l wa 15—/
¥R - CPU Write = P sle W = e{zsg{ :’o' C/PU) ot Keady 861808 86106l NepexodsT B Z—cocToskme (Monpocty oTkaiaiotcs). Mpu Tom yepHsiii user imorovement by Praxak (U36A. U7 and R3
JORQ = CPU 1/0 Request 3 R TOWR = 1/0 Write | Active (tow) if T0RG and WR 3 i)( :: ?;}p»fey;;;)ggcs; ‘;?T.ogg;uoc:”pﬂaﬂzyg:e;r);:ef;&at;ozé"aomaro«Ho 3a3eManTy” Bbixodsl KM11 provement by Pruzak (l . an ).
U1e usB 2 (TOwR Request are both active (low). CSRAM = CPU RAM Read [CSRAM »—2 I pesp P P P : Provides a black level reference on the beginning
741500 q( 7hLS74 - Translated: of each scanline, stabilizing TV color rendering. SYNC goes high during H/V sync pulses (opposite to SYNC).
BK = u1D Without thi TVs will int ¢ the bord Used to disable video output from U36 during sync pulses.
9 12| n 9 -7 BK = + It would be better if this multiplexer is 74LS157 instead of 74LS257; it has outputs set to ithou Is, some IVs will interpret the border
. 8 U5_U6_LOAD 11>g Q 8 Vertical Border 74LS04 logic 0. which corresponds t)o the black color, upon arrival of the blanking pulse (when color as the black level.
logic 1 is applied to pin 15). In contrast, when a logic 1 I lied to pin 15 of 7415257,
_ K g pplied to p contrast, when a logic 1 is applied to p o f Y U36A
10 vee e 9 8 B the outputs go to the Z—state (disabled). In this case, the black color is not formed. R N Ry
U5_U6_LOAD = When SYNC (active low) activates, all outputs of +
e To correct this defect, it is also sufficient to ground the outputs of a 7415257 through U31 are forced to 0 (black). GND o 5 U11D
ist ith i f KQ.
resistors with a resistance of about 1K@ This state remains until the sync pulse has ended 3 BLK_OFF 3 >g a 74L586 u118
vee and H3 and H4 are both high (24 pixels after = |6 e . 741586
sync pulse%. vece e APX KS = Vertical Sync SYNC B
Unu. i —
System RAM Address Select Screen RAM Address Select sed Logic termerds. U31 resumes nommal peration uni w7 5 55 < vorizontat sync Y e, e
9 U29F u38D U368 the next sync pulse. 741508 . vee %}5 /]
X
74LS04 741832 of 74LS74 =
vee vee vee 12 2 1KkQ Dk
_ - 2 13 2 1, o 1d 5w oo U25, U26 R3
BK = Vertical Border 33nF U1F u1s u19 u1is >d_)< L 13 } 11>g arx (0 inputs are passed through Y€ rao tnaLse
74LS04 9 74LS257 9 74LS257 9 74LS257 a 18 when border Is being drawn. Pruzak recommends using a 74LS157 for U31. The ‘157 is a 1KQ
5 ” 4 5 ” 4 5 ” 4 U1E U388 (=2 i inout o th h drop—in equivalent to the ‘257, the only difference between VID_Q1
[A0> | —- [vo> | -—- | —-‘!m 7 "l Inputs are passe roug the two being that the '157 transmits 0 on all outputs durin
INT = Interrupt Request 3 |2: g = o 3 |2: g = uo 06 )75 |2: g = e 4 iy 3 when screen is being drawn. sync Dullsegs (as_opposed to disab/ling outputs :@éemeur)l. ¢ vee
(1/0 to CPU) 1 o [ 6 This is required for the black level pulse to work. R11
5 7 5 7 5 7
5 | %P Zb 5 | %P Zb ] U19.17 5 | %P Zb o3 % 10 (PAPER) inputs are passed iKQ e R14 R13 R12
10: AO-A3 o B D GND vee through when pin 1 (pixel data) 2 ol 2KQ 1KQ 470Q R9
11: AB-A11 <~ <~ is low. JE 2N3904 270
11 9 11 9 11 9
) Afé 10 |22 o Hardwired to 0 (GND) v2 10 |22 o U19_2L HS 10 |22 o GND GND Atzggggeigipﬁry u25 (1 (INK) inputs are passed - {1 {vineo
4 vee Byte Contents 9 74Ls298 through when pin 1 is high. GND vee
14 12 - 14 12 - 14 12
GND GND 13 1od 2d . 13 1od Z2d Ul4_6H 13 od 2d Passed through when drawing BORDER. Barder Calor 0 10a & Qa 15 1B BLU INK/BORDER Blue { R6
11d Hardwired to 1 (VCC) 11d 1td Passed through when drawing SCREEN INK Blue Bit | Data Bit 0 from DRAM a > vee 6800 )
15, . 15, o7 —_ 15, Passed through when drawing BORDER. Barder Calor 1 10b Qb 14 1B_RED INK/BORDER Red 2 Q2
H1 = 1.75 MHz OF Qutputs always active. ¢———2 OE H1 = 1.75 MHz (Inverse) Hi OF o 2N3904
RAS — DRAM Row A Active High 1 2 H2 — 875 kH 1 2 1 2 Passed through when drawing SCREEN. INK Red Bit | Data Bit 1 from DRAM 11b U3t =
. . . = ow Access (Active High) s 3 = 2 s 3 RAS = DRAM Row Access [RAS s & Passed through when drawing BORDER. Barder Calor 2 10¢ Qc [ L3 1B-GRN INK/BORDER Green 9 7415157 O - BLUE )
v |
Power Supply’ Regu[atlon, Fl[terlng 9 Passed through when drawing SCREEN. INK Green Bit | Data Bit 2 fram DRAM Ic PAPER/BORDER Blug Blue Video Data @ vee
© © © Passed through when drawing BORDER. Barder Calor 0 10d Qd 12 PB.BLU § 0a & Za 4 R7
>
vee vee vee vee vee vee vee vee U15, U16 < 4 Passed through when drawing SCREEN. PAPER Blue Bit | Data Bit 3 from DRAM 11d 11a 6800 o
RAS/RES Inactive: Lower Half of Address Bus 323 GND Lo GND 323 BORDER = Border Active (when low) [GORDER 1(1, s . PAPER/BORDER Red 2 - 7 |2 Red Video Data RED_TTL — 2 53390“
RAS/RAS Active: Upper Half of Address Bus H2 = 875 kHz (8x slower than pixel clock - =z |
3 < 2 < < 3 3 3 Inputs sent to DRAM when H1 is low. 74LS32 ( P ) [W2 e & de = RED
= = = u16 9 u17 PAPER/BORDER Green 11 9 Green Video Data
g Y 2 Y Y 9 9 9 9 7415257 9 7415257 | 10]'% 2 vee
s g g g g g g g e A 7 e -
u16 u2c u7c usc u9c U10E U11E U12E MountingHole_Pad 2 o 4 H2 = 875 kHz 2 o 4 BORDER is active (low) when !
740504 741574 4520 741574 741574 741502 741586 741500 H2 3 10a S Za U19_7H 3 10a S Za either the horizontal or vertical GND Brightness Data (to U31) 1—1" 10d zd [H2 Brightness Data é 6800 ~
2 A g g 8 2 2 MountingHole_Pad [A12) Ha 11a borders are active (low). ? 13 44 -, 2 5;0390
S - = 4
S ) > ) ) o o o H3 5 7 5 7 1
) A5 10b Zb 10b Zb 15 [ =
~ ™~ ™~ MountingHole_Pad [452 . Sync/Black Level Pulse —=2¢ 32|z
~ o ~ ~ ~ HZU“ ingriote_ra 10: Ab—pT 5 111b Hardwired to 0 (GND) vee 6 111b vee ync/ 1 SE % “ 05 o ix‘ &“%‘ GREEN
i 11: A12-A15 + a =z x|lo|a
- e - v v - - v e ez (sysem ko) Elreen i) ez EsaE Sars” we 8 & 3§ = 3 Nt 8 e 2006 | | 2000 | ] 2008 | | 2000
GND GND GND GND GND GND GND GND ) Ats 101 11c Hardwired to 1 (VCC) 10 {4 Qo 7415298 o o = 3 3 —
MountingHole_Pad H1 Low Hi High Byte Contents o o @ o
vce vce vce vce vce vce vce vce H6 14 12 RAS/RAS RAS/RAS RAS/RAS RAS/RAS Active 14 12 [} 15 z| @
MountingHole_Pad =] Z inactive | | Active | | Inactive | [ W2 Low | [ H2 High . l0d « Passed through when drawing BORDER. Border Calor 1 o g @ GND D6 R25
11d Hardwired to 0 (GND) 11d Passed through when drawing SCREEN. PAPER Red Bit | Data Bit 4 fram DRAM 11a
H7 In_[ Out In_[ Out In_| Out In_| Out In_| Out 14 IN4148 3KQ GND GND GND GND
- - - - - - MountingHole_Pad 20 T1A0 26 THA 3 [HA vo Tvao ve Thao Passed through when drawing BORDER. Barder Calor 2 10b Qb Pixel Data (to U31)
=i =i =i i < = - - ountingrole_Fa H1 = 1.75 MHz 15 0E 4 YR YCRETE YR Vi AL AL HI = 1.75 MHz (Inverse) AL 15 0E 4 Passed through when drawing SCREEN. PAPER Green Bit | Data Bit 5 fram DRAM 11b 70 »—H
o o Y o ) ) ) ) RAS = DRAM Row Access (Active High) 1lg = 25 (vas| (Ao vz 75 WAz va Thaz R RAS = DRAM Row Access (Active High) RAS>—L1 g = Passed through when drawing BORDER. Hardwired to 0 (GND) 10c Qc 3 7%3303 UL1A Each 8x8 color grid Color Monochrome
< < s < < < < < GND rmarsiirarsirarsirarsRERns Passed through when drawing SCREEN. BRIGHT Bit | Data Bit 6 from DRAM ¢ FLASH On//0ff Pixel Data Invert  75L586 b7 . 59€§ffhhjsb2tw‘0f5b N @ N @
u1se U14E U296 us4D U356 usec us7e U38E © At |MAL| [A12|MA4| [H7 [MA4| [V7 [mAs| [ 2 [MA% © Passed through when drawing BORDER. Hardwired to 0 (GND) 19d qd (12 FLMODE 12 \ X e LAsH) INGL48 3«6) 1(151W1|Ac).e eween By 12| £ | 9. =
741508 741532 741504 741510 4049 T4LST4 741508 741532 7415257 Functionality el MarsTiae] Fvs T T T o Tiae Passed through when drawing SCREEN. FLASH Bit | Data BIt 7 from DRAM 11d FLASH Timing 13 11 FLOUT 1 ClElslel 38| |E|Els|el3E
o o S a 0 a a a <~ [FLCK y———— 78 13 / - Both of these colors B AR EEESS
Z Z = Z 1 =z Z Z A6 | MAG6 Al4 | MAGE V4 | MA6 1 | MA6 1 | MA6 BABRED . —_— = INFV = Pixel Data = =
2 2 < 2 =~ > 2 2 Pin 15 (Output Enable) Low: Outputs Active GND A7 |MA7| [A15|MA7| [ V5 [mA7] [0 [MA7] [0 [MA7 GND GND BORDER = Border Active (when low) | | BORDER 1(1) 5o (from U35) 2 Eaﬁafé‘té"é‘?é"‘iéﬁ’g 0101010 0101010
N N N N © ™ N N Pin 15 (Output Enable) High: Outputs Disabled 0 1 /10 10,11 1,00 H2 = 875 kHz (8x slower than pixel clock) PCe 3 (shades of gray if ofof0 ofof0
i using composite video). |0[0]-1|0 ofo] ‘o
Pin 1 (Select) Low: (0 Inputs Active U15/U16 inputs sent . o oo oo
Pin 1 (Select) High: 1 Inputs Active to DRAM when H1 is U17/U%/?)e'rypﬁi‘57:egitg;? DRAM High brightness and pixel flash are An additional brightness T~ [gl0 ol [olo
GND GND GND GND GND GND GND GND vee low. disabled when border is being drawn. bit sets the brightness  F—rs ol
+9V T GND GND If brightness is set to 0, the RGB signal voltage :ﬁl’o:/?rfg fS:rC;o't'otal of 0 0 0 0
levels will be reduced, darkening the colors.
16 colors (although 0 0
N N . . f two of them are the
If brightness is set to 1, the intensity output will ojofo ojofo
SN-UNSWITCHED _L 21 _L 22 _L 23 _L 24 _L €26 _L 27 _L 28 _L 25 7415298 Functlonality 7415157 Functionality In the original schematic, D2, D3 and Rk have no influence on the RGE signal levels. same shade of black). ofo ofo
function as a diode AND gate. I've replaced . . i 0 0 0 0
Joo 0.1pF 0.1pF 0.1pF 0.1pF 0.1pF 0.1pF 0.1pF 0.1pF Pin 10 (Select) Low: (0 Inputs Active ) S ) them with a 741508 to reduce component count. Some schematics recommend 660Q resistors for ?gl;r?:lcngvotz'fem 0 0
Pin 10 (Select) High: [1 Inputs Active Pin 15 (Qutput Enable) Low: Outputs Active The output is high if U26 pin 12 and FL_CLK R24—R26, but 3KQ resistors result in colors more Combined within the
o o o o o o o Pin 15 (Output Enable) High: Outputs Forced To O are both high. accurate to the original Spectrum. ome. 848 V;ector ofo ofo
Outputs are synchronized with pin 11 : 0 0
i i‘ v <L (connected to H2). They will only update Pin 1 (Select) Low: (O Inputs Active FL_CLK switches every 32 frames. i i 0 0
w1 on the falling edge of H2. Pin 1 (Select) High: [1 Inputs Active Approx. 1.56H 64 Inverts INFV f U26 pin 12 and FL_CLK are both high. Border brightness is
e Power PWRFLAG ToR '1392“50 GND vee 9 &9 ¢ ) Hig P (Approx. 1.56Hz/every 0.64 seconds) Otherwise, passes INFV signal through unchanged. hardwired to 0.
A T - T
1y 3 o . . . . . . . .
Power L ovnck 1N£|°7 rour L — e c13 c14 c15 c16 17 c18 c19 20
R > " ® 0.4puF 0.4puF 0.4puF 0.1uF 0.1uF 0.1uF 0.1uF 0.1uF DD29/DD41 in the original schematic (2764) are substituted with a 27128 (U24)
5 Original circuit by Sergey Zonov (ZS Research, 1988) — This schematic adapted from
7805 compatible $ ZAN’s schematic (sblive.narod.ru) — Circuit improvements by Sergey Bagan (a.k.a. Pruzak)
< (zxbyte.ru)
PWR_FLAG GND Alex J. Lowry (alex—j—lowry.github.io)
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File: i —1.ki
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