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The WSTROM phase is not used in the final release.
P159 The idea is to write a 64k page from RAM to video data.
M A ‘ N CA23 The PLxWED are flags to write on specific chips. This module synchranizes all the bus requests
The CPS—B-21 will transmit data to the chips. intents that the A-01 needs to perform. Once AAO P7
P158 The BUS—REQUEST becomes available after a write on WSTROM-COPY a bus request is decided BR goes low. When
C P U CA22 Sheet: main—signals BGACK goes low, BUS—READY becomes high, P8
TESTL P6 i } P109  CLK125 ADDR becomes usable and the correct AAL
P157 DTESTT cLkgMp—CLKSM P71 PLOWED BUS—* signal becomes low.
B U S CA21 During the WSTLUT ph The ADDR b iterat th W S T R O M R E Q U E S T S Th d of the b ti i b ifi P9
=5 ;E Y urin e ase, The us iterates on the e end of the bus request is given by a specific
TEST2 PS5 R CLK4M P107  CLk250 RAM addresses where the palette is. The CPS—B will take care of pointing P72 PLIWED signal (***—END). AAZ
DTEST2 CLK4MDY gnal ( )
P156 CA20 the palette ram to the right address and do the write. Sheet: wstrom
— The BUS—REQUEST happens after a write on PALETTE—BASE - P10 .
TEST3 P3 RESET] P105  RESETI P73 PL2WED AA3
P155 i cALg DTEST3 RESETICY BUS—DATA[0..15] PLOWED UAC522 B
L WSTROM-COPY L /eTRav—COpY PLIWEDD, Sheet: bus-requests BUFL2 P11
— DWSTROM—-COPY P AAL O
P15 csS P2 o Ccolli.8 PL2WEDD P74 PL3WED LINE[0..8 LUTPRO P116  LUTPRO
CA18 DCS —u—DCOL[l..Z] PL3WEDD U—u—DUNE[O..B] LUTPRO P12
— . [E— = DLl
. RD p1 % Sheet: wstlut CLK4M B CLK4M WSTROMQM MDCLKQM AAS
CA17 DRD LLK8M b ¢ kgm Y WSTROM_RESET UBF138 <
BUS—DATA[0..15] ADDR[1..23] WSTROW-RESETG-H#31 £ H=152 0x0A |y srrErre—gaeE BUF12 " P13
p152 ?cms WR P160 i W Lo PALETTE-BASE K 5ATETTE—BASE BUS—WSTLUT BUS*:"USTTPLF:’; DEBUG1..6 DDEBUG6..6] WSTROM=ENDDy o L x22 B VIDED—CONTROL e P104  FLIP <
TN - = X. WSTROM—-COPY
KM Ky e LUTPROG MAIN=RESET |1 peser GFX—-ADDR[0..22] WSTROM—COPY FLIP e P14
— SERICE BUS—DATA[0..15
PISL T a1 CLK P4 i DEBUGHL.6l K hFRUGHS. 5] DEBUGH ADDR([1..23] O— (0.-15] UAC519
bCLk MAIN-RESET _H MAIN-RESET WSTLUT-ENDDY resets the counter WSTROM—RESET BUF12
P150 % CA can set as SEBUGS File: wstrom.sch WSTROM—END - ACASO P15
° CAlL RESET P106 output using the resets the counter File: wstlut.sch WSTLUT-END BUS-WSTOBJ PLL5  WsToB) A C A S O 1
DRESET bus request. WSTOBJ—END — .o
P149 It is driven as P - ACAST P16
o CA13 the ADDR bus. MA/N B US UAD523
. CA[1..23] CA[1..23] ADDR[1..23] e NBUF03
BUS-T0 = BUS-TO - P114 P17
CAL2 MAIN-RESETL]_MAIN=RESET MAIN—RESET BUS—WSTLUT >OY WSTLUT T55ES A S O E [O 1}
P147 .
; CA11 ASOE P18
SCROLL-CNT[0..6] 1
P146 P117 BR
CA10 During bus requests for scrolls operations, BUS-STATE[0..2] WDJ _
DEBUG[1..6] this module sets the address of the ram BUS REQUEST SIGNALS The VRAM stores the sprites data in double buffer. R P20 AS C K
CPS—ID—RESET DEBUG[1..6]0) BUS—READY ) ites ! ASCK
P145 tn_get thE_scmH data_ba_ck. e P118 BGACK During one frame, one side is reading,
CA9 This data is then put inside the SRAM. BUS—-ROWSCROLL BGACK< the other side is writting new data. N —
READ BUS-SCROLLL P21
P144 WRITE BUS—SCROLL2 During read operations: ADTOE A DT O E
CA8 TFCODE S C R O L L BUS—SCROII3 — The address of the sprite to draw
DECODE BUS-SCROLL3
BUS—WSTLUT ot is written in XA[0..7] based on the
P143 File: p— T K BUS—WSTROM w video counter. P22
CA7 1l€: main=signats.sc BUsoweTon) BUS—WSTROM - The data is fed by the VRAM to AD4
BUS-WST0B) BUS—WSTOBJ LI-SYNCED the CPS-B. Y  —
P142 I CA All signals here are write During write operations: ADS P23
on the_ main BUS with the Sheet: scroll—bus—addr Fite: bus—requests.sch - Theg addresspof the s‘pr'\ie N
hardwired addresses. . A "+
P141 Sheet: addr—decoder is written in XA[0..7] based on the P24
CA5 - BUS—-DATA[0..15] ADDR[1..23] . . . X/Y attribute of the sprite. AD6
CA[1..5] mow The SRAM acts as a buffer that stores the scroll data The sprite cqntrutle( reads the sprite entries — The data is mainly the CB. part _uf
P140 (? SCROLL1-BAGEDL0x02 SCROLLI—BASE SCROLL-CNT[0..6] for the current row of all scrall layers. fmtm tthethmam BgS and assembles the _thef gfx buts;7 (the _gatatta t\d]Hwh\cThh S; P25 R
CAL READ SCROLLD —BASEDIL0x04 SCROLLO—BASE It contains 256 entries of 16+10 bits. data to the graphics bus. is fed by the sprites controller. The AD7
WRITE 0x06 BUS—READY . . 4 LSB are provided directly by the CPS—B °
SECODE SCROLL3-BASE SCROLL3—-BASE It is written during the bus requests and Only the ADDR and flip attributes are used
P139 CA3 ROWSCROLL-BAGED-0x08 ROWSCROLL—BASE BUS—SCROLLL it is read during the raster. by the ROMA controller. The CB bus is used The VRAM is a CAS/RAS—based serial RAM AD8 P26 -
ROWSCROLL-OFFSETD2%20 ROWSCROLL—OFFSET BUS—SCROLL? by the VRAM controller. which makes the logic a bit hard to follow.
P138 % SCROLLT—Xp-2x0C SCROLLI—X BUS—-SCROLL3 f pa7 L—
CA2 SCROLLT-v-2X9E SCROLLI=Y BUS—ROWSCROLL S C R O L L S P R ‘ T E S \/ R A M AD9
SCROLL2—XD—2x10 SCROLL2—X Q
PIST T cat SCROLL2 VD12 SCROLL2—Y CLKGLM AD10 P28
SCROLIZ=X Ox14 SCROLL3=X CLKHMGm S R A M Sheet: sprites—controller Sheet: vram—controller <
<CROTZ—ynL0x16 <EBATT =Y CLK4MG—=""+
P135 i SC% 0x18 SCROLLS=Y L bBUS-wW5T0B) LI-SYNCEDG— DLINE[0..8] AAL0..7) DFAALRLZL AD11 P29
015 Tt —vrd_Ox1A Vp) LINE[0..8] G . _ L awsTOBJ-END COL[5..8] COL[L..8] K n(1.8] ACAS[0..1 D-ALAS[0..1]
STARL=Y 1 Sheet: scroll-sram FLIP ASOE[0.1]
4 STARS—XpL0x1C — FLIPG—— ADDR[1..23] FLIP FLIP ASOE[0..1] - P30
L3 Co14 oo oxE < L BUS-DATA[0..15]  GFX—ADDR[4..19] GFX—ADDR[4..19] - SCAN-243 - ASCK AD12
e D 0 y0n_PALETTEZBASE = Filer scroll=bus—3gar.sch ROMA-Y(0..3] e SCAN-240-245 ) ccnn_ore ADTOE
o133 K? PALETTE—BASEDOXZZVW W L SCROLL-CNT[0..6] SCAN-240-245 SCAN-240-245 AD (4. 12] ARL2.12]
D13 VIDEQ—CONTROLD—2x22VIDEQ - CONTROL — Sheet: scroll—positions BUS-STATE[0..1] _CB[0..4] _CB[0..4] B B - Y P31 FWE
m Woig"gs WSTROM=COPY W BUS_SCROLLL _cpefo.4] ~CPC[0..0] BUif)B?:XQ[Oé-jSQG%'ﬁAM,BASE BUS—DATA[O..8] FWEl
i X - - - o EARRE TP JE
P132 D12 SCANLINE % —D BUS—-DATA[0..8] BUS—ROWSCROLL Eigiigggtg _CDEN BUS—SPRITE=X BUS—SPRITECX Y P32 TRAS
SEQQ L: SCROLTA=X _XFLIP _XFLIP BUS—SPRITE-Y BUS—SPRITE-Y FRAS
- X Al . e
PLIST T 11 cPs=Ib ) SCROLLI=Y LINE[0-.8] LINE[3..5] ~YFLIP —YFLIP SPRITE_X—READY—LI SPRITE_X—READY—LI Y PS8 0BJEO
File: 3ddr—decoder.sch o zggg\ig:é SCROLL1-X[0..5] SCROLL1-X[0..5] RAM=TILE[0..15]0) RAM—TILE[0..15 SPRITE-BLOCK—READY SPRITE-BLOCK—-READY OBJEO
P30T 1o L EROTE—X SCROLL2-X[0..5] SCROLL2-X[0..5]  RAM—ATTR[0..15) D-RAM=ATTR[0..15] SPRITE-T SPRITE—T Y P59 GBIUP
xx [ttt SCROLL3-X[0..3] SCROLL3-X[0..3] MAIN—RESET OBJUP
° 0120 Sheet: bus—data—io SCROLL3-Y Y- OUT[3.8] Y- 0UT[3.5] MAIN-RESET D MAIN-RESET
D9 START—X L L P60 FRAME
READ BUS—DATA[0..15] STARL-Y SCROLLI=T SCROLLI-T CLK4M-CLKAM CLKAM  qeTRam CLK4M CLK4M b ¢ kum FRAME
© P128 WRITE STAR2-X SCROLL2—T SCROLL2-T cLkam-CLKBM CLKBM K¢ kgm 5[0, 7]D-BAL0.T]
CD8 oo 15] STAR2 =Y SCROLL3=T. SCROLL3=T File: sprites—controller.sch BCAS[O“l] BCAS[O. 1] Y b33
P127 €p[0--15] CLKAM b ¢ kam STARLT CA[10..17] G=CAL0.17] _CBI0..4] 550£[0..1]pFBS9E[Q.1] BAO
STAR2-T
CcD7 P61 Ll Bl DEBUGI3.314 DEBUG[1..6 . . BSCK|
File: bus—data—io0.sch XSk £l FLIP [3..3] WR It's important to note that the graphics bus P3Y
P126 ——7PDFI FLIP FLIP DEBUG-WRG— is not used as a raster because it happens REWEN P57 BDTOE 504,121 BA1
P62 _ during HBLANK. It is only there to send DREWEN BD[4..12 /]
£be MDMA‘N*RESET File: scroll=sram.sch the colour data via the CPS—B to the VRAM. [ ! P35
%J P125 P63 GFX—ADDR[4..19] File: vram—controller.sch BA2 ’\
€D5 ) ROMA-Y[0..5] REWEN is given by the CPS—B.
Sheet: cps—id Tells if we should write the data BA3 P36 °
P124 D4 P64 KXS—-0UT[0..4] STARS=TD—— or not (= if colour is transparent) °
CPS—ID-RESET BUS—DATA[0..15]
File: scroll-positions.sch P75 BA4 P37 O
P123 CPS—ID ROMAO
CD3 P65
File: cps—id.sch S C R O L L P76 BAS P38
P122 02 ROMA1 <
Only readable register of the A-01. W Y P39
P77 BA6
PiZi@ Provides an ID similar to CPS-B-21. >< S [O .o L"} P O S ‘ T ‘ O N S v D ROMA2 CQ
But the ID is hardwired to 0. w [aA) PL4O
It still contains a read counter . . . ]
> g During graphics raster, this module P78 BA7
P120 0o which could be used for security. will compute the correct X/Y coordinates. % <C ROMA3
The stars doesnt require the SRAM so it > —~ P99
will directly outputs to the GFX bus. = < m CBO P79
= ) ROMA4 sorss | P4t
From the video counter, this will generate M P100 B C A S O 1
\/ ‘ D E O the main graphics timings. And the main > < This module takes the graphics bus and N CB1 ROMAS Peo P42 T
sprite reset timing. L L converts it to GFX ROM addresses and BCAS1
O O data sent to the CPS—B for raster. ) P101
It also takes care of the default 'ROMA[20..22]' CB2 romas | 782
values (unless WSTROM is in use) It can be interpreted as a big multiplexer A\ ? P43
] . which will provide the correct output P102 BSOEOQ
Sheet: video—timings based on the commun bus data and on M CB3 ROMA7 P83 B S O E [ O .. 1 }
each layer. ©
SCROLLL-T] U P103 CB4 S; P84 BSOE1 put
SCROLL2-T| ROMA8 P
SCROLL3-T| —
STARL-T P85 e P46
STARD | ROMA9 BSCK B S C K
UAD519 SPRITE=TI Sheet: raster—out Sheet: roma—bus —
BUF12 CB[0..4] ROMA10 Pes BDTOE put B DTO E
WETROWM P113 GFX—ADDR[20..22] GFX—-ADDR[0..22] ROMA[0..22] ROMA[0..22] _CB[0..4] ROMAID. 22
WSTROM 5757707 5US - WSTROV<}BUS=WSTROM ROMA-Y[0..5] CB[0..4] CBI0.4] _ROMA[0..22] YPW
_CB[0..4] CPC[0..1] CPC[0..1] _cpcfo..1)p—=<pCl0.L ROMA11 f P48
LINE[0..8] LINE[0..8] _CPC[0..1] CDEN CDEN _CDEN Y bt BD%
LINE[0..8] —CDEN XSEL XSEL _XSEL ROMA12 P49
LINE=INC XFLIP 805 N
SCAN=240-245 |qocan_240-245  COL[1..8] COL[1..8] _YFLIP File: roma—bus.sch \_romats | 787
SCAN-243 O 8T FLIP 1 P50
20AN=255  lscaN-243 COL[L..8] < EIP____ Brup BD6 ﬁ
<FBATTI—T P90
; SCROLL3—T Y? N i7
UBBUAF:L;; File: video-timings.sch SCROLLIST >< S E L P69 ROMA14 807 P51 ®
Sheet: video—counter STARS-T Y P91 ’
LI P112 WSTROM WCTROM ROMA15 $
“===—DWSTROM P52
U L LINE[0..8] OB Begis 1) CDEN res i 808
[INE[0..8] - K i P92
UBB10 LINE-INC __CLKGM_ Hcikum ROMALE i P53
e COL[1..8] D—— LEBUClL.6l  HDFRUGH: 3] PO7 1 cpey b3 BD9 Q
FI P111 FETTTET, CPC[OiJ ROMA17
Fi COL[L..8]D— Filer raster—out.sch P54
Fl ile: raster—out.sc P66 8010
CPCO I
. _ PoL4
VSYNC P110 Y Y vee Y Sheet: sram=debug \_RQMA18 Y pss
VSYNC BUS—DATA[0..15] P45 \ P19 COoLf1..8 b COL[1L..8] ROMA[0..21] O bos BD11
SCANLINE. LINE[O.8] |
HSYNC P108 SCANLINE DLINE[O..8] || ROMA19
HSYNC P81 P70 e | CB[0..3]<} P56
RBAM-TILE0..A0] b RAW—TILE[0..15] 8012
CLK4M b ¢ kum DEBUG1 stops the counter increment f ¢ RAM_ATIR[O.15] | P RAM=-ATTR[0..9] ROMA20 Pos
ST pERT M
RESETI B RESETI DEBUG[L..4]<} DEBUG[1..6 DEBUGH resets the counter to the init value P136 ﬁ i‘ P119 DEBUG[6] b SEBUCZ 3]
h P97
: = ; <~ \_ROMA21 - -
File: video—counter.sch File: sram—debug.sch Author: LoTc *WydD* Petit
GND : y
Licence: CC-BY

Produces the LINE / COL bus mainly

N Outputs internal data to ROMA / CB for testing purposes
using the CLK4M pulse.

VIDEO
DEBUG3 outputs the current RAM data

You can change the initialization values RAM address is set by CA and WR

using the SCANLINE register.

COUNTER

DEBUG2 outputs the video counter Sheet: /

Vi imilar to the CPS-B ter. .
ery similar to the counter. File: DL-0311.sch

But it has a HSYNC/VSYNC as input.

It is surely there to synchronize two
boards together.
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I 2 T 3 [ I 5
UCB190
D38GL
Al SA 00 p—DOBJRAM—BASE 0x00
A2 SB 01 p—DSCROLLI-BASE ~ 0x02
A3 sc 02 p—DSCROLL2-BASE g*g;‘
03 p—DSCROLL3-BASE x
D— UAB292 U] SCROLLS—BASE
CALL-5] L4LH — OF [o—DROWSCROLL-BASE ©X08
A4 61 05 b—DPALETTE-BASE ~ O0x0A
CAS  Ipy Q1 :_: AS 2 06 P—DSCROLLI-X g*gg
(<58 G3 07 p—DSCROLLI-Y x
UCA241 CA bo s a4
INVOL R Q@ —=
7] uCB222
A5 CA3 03 Q3 A3 D38GL
A2 - Sf % Al SA 00 p—DSCROL2-X 0x10
UcA238 a bx A2 SB 01 p—DSCROLL2-Y 0x12
INVO1 A3 sc 02 p—DSCROLL3-X g*i;‘
03 p—DSCROLL3-Y X
AZ__ WRITED 12 0% p—DSTART-X 0x18
DAt Al 61 05 p—DSTART-Y 0x1A
UcA237 ) AS 2 06 p—DSTAR2—X 0x1C
INVO1 »—— dG3 07 p—DSTAR2-Y Ox1E
CAL b oAt
AL__| UCA211
LE D38GL
Al SA 00 p—DROWSCROLL-0FFSET 0x20
A2 SB 01 p—DVIDEO—CONTROL 0x22
A3 sc 02 p—DWSTROM—-COPY 0x24
03 p—x
_ 0 o—DSCANLINE 0x28
Al 61 05 b—x
A 2 06 p—x
DECODED G3 a7 p—x
UCA239
INVO1 UCA243
NANDOG
A3 A3 READD—-——
A2
UcA240 s =FE=TD 0x26
INVO1 AL
Al AAL: A5
Author: LoTc *WydD* Petit
Licence: CC-BY
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BUS—DATA[0..15] <>
©CD[0..15]
UAA370 UAALTS
OUTTRI OUTTRI
BUS-DATALS [ cn15 BUS-DATA7 [ cp7
UAA377 UAALO1
OUTTRI OUTTRI
BUS-DATALL [ D14 BUS-DATA6 | D6
L4 L4
UAA391 UAD486
OUTTRI OUTTRI UAAG1L UAB276
BUS-DATAL3 [ D13 BUS-DATAS [ cps LeL M368C
< ° < ° w15 o b e vo b BUS=DATA15
UAALOG UAALOQ CD14 D2 Q2 b AL Y1 b BUS—DATA14
OUTTRI OUTTRI 13 o3 gsb— 1n > yo b BuS-DATAIS
BUS-DATALZ | CD12 BUS-DATAL | CD4 Egﬁ D4 Qb P A3 v3 p—BUS=DATALZ
L3 L3 DU os ssb—— [
UAB409 UAB515 D9 o
OUTTRI OUTTRI oY) b7 Q7 UCAL28
08 a8
BUS-DATALL [ cp11 BUS-DATA3 | cD3 M368C
L ;" I/‘L» A0 v0 —— BUS—DATA11
UAALLL UAC512 12 AL v1 p— BUS=DATA10 _
OUTTRI OUTTRI a > yo b BUS—DATAS
BUS-DATALD [ D10 BUS-DATA2 [ D2 A3 v3 p——BUS=DATAB
L34 L34 &——J 0t
UAALSG UBA180
OUTTRI OUTTRI
BUS-DATA9 [ D9 BUS-DATAL [ cp1 UAAS03 UAB473
L8L M368C
<34 L34
UAALG2 UAB523 Cp7 D1 Qi A0 Y0 p——BUS=DATA7
OUTTRI OUTTRI w6 oy g2 Al v1 b BUS—DATA6
BUS-DATAB | cos BUS-DATAO [ cDo €05 1p3 g3 p > vo o BUS-DATAS
4oy qa e vs b BUS—DATA4
L 3 L 3 cD3
D5 Q5 p— | —
UAA251 2 1o asb— | 9
NBUF03 cnt
e |7 UBHL57
bg Q8 M368C
BUS—DATA3
b BUS—DATA3
WRITED- LE L e BUS—DATA2
UAD3 Al Y1 p—BU2—UAIAL
READ NBUFO3 o D vb BUS-DATAL
e vs b BUS—DATAD
READD——e—— OF
Author: LoTc *WydD* Petit
Licence: CC-BY
Sheet: /bus—data—io/
File: bus—data—io.sch
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heet: bus—request—state

BUS-WSTROMD—DBUS-WSTROM
BUS-WSTOBJD—DBUS-WSTOBJ

D NEW-STATE[0..2]

D LOAD—STATE

BUS-SCROLLLID—™DBUS-SCROLLL
BUS-SCROLL2D—™DBUS-SCROLL2

UAALET P BUS—READY BUS—SCROLL3C——DBUS-SCROLL3
UAB151 BUS—WSTLUTD——DBUS—WSTLUT
DFFCO0 ANDO2 S CIREM >
BGACK D ——DRESET BUS—STATE[0..2] D——D BUS—STATE[0..2]

9
Q

File: BUS—I'EQUESE—SEE tesc

D—
F—X LK

BUS—ROWSCROLLD—™DBUS—-ROWSCROLL

heet: bus—request—new—state

BUS—READY
heet: bus—request—intentians DBUS—STATE[0..2] NEW-STATE[0..2]D— UABS5
TOAD=STATE] DFFCO0
LINE[0..8]D D LINE[0..8] ROWSCROLL—INTENT| DROWSCROLL LOAD=STATE
SCROLL1—INTENT| DSCROLL1 BR D Qfx
BUS—DATA[0..15] D> DBUS-DATA[0..15]  SCROLL2—INTENT| D SCROLL2 Q
VIDEO—CONTROLD DVIDEO—CONTROL SCROLL3—INTENT D SCROLL3 CLKAM e ¢
WSTOBJ—INTENT DWSTOBJ
PALETTE-BASED DPALETTE—BASE wﬁi&&jﬁgﬁ ;wg;%
WSTROM—COPYD- DWSTROM—COPY
VSTROM_ENDD L WSTROM—END FLIPDHDFLIP LD—pLI LI-SYNCEDDH—D LI-SYNCED
WSTLUT—ENDD> DWSTLUT-END LUTPROD—D LUTPRO
D CLKAM
| —DRESET
File: BUS—quUESE—InEEnEIOnS.SC
DCLKAM
heet: scroll—counter
LD BUS-STATE[0..2] SCROLL—-CNT[0..6]D—D SCROLL—CNT[0..6]
UAA3SS DBUS—READY
NBUF02 DCLEAR WSTROM—ENDD—DWSTROM—END WSTROM—RESETD—DWSTROM—RESET
WSTQBJ—ENDD—PDWSTOBJ-END
CLKuMp—CLKAM | DTIKAM WSTLUT—ENDD—PWSTLUT-END
®—DRESET SCROLL—END D SCROLL—END
UBF92 File: scroll—counter.sch File: bus—request—new—state.sc
NBUF02 ; : ; q :

MAIN-RESETD——

The implementation is a complex state machine.
The state a 3 bit value, each value correspond to a specific bus request.

The intentions are defined by either a LINE value or a write on some registers.
Then the state transition will take the 3 bit value and produce a new state
after line increment.

Report to the extra documentation to see the state machine in action.

UAB60
BUF12

BR

Author: Lotc *WydD* Petit
Licence: CC-BY
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UBEO
NANDOG uBB48
LINEO NANDO6
LINEL
LINE2 _LINEL |
LINE3 _LINEZ |
LINE7 ———a
LINES Ba( L -
UBD13 8 g%& 28&3&7 &8 - BUS—DATA[0..15]D— UBE29
NANDO3 5e7 uBB 34 M175¢C
LINEL L ____ NANDO6
TINE7 6 &7 LINEO BUS—DATA3 DO Q0 V€3
TINES g g ; TINEL BUS—DATA2 D1 a1 ve2
Pe3es e Bueoame 2 @ veo
NANDO3 48287 === UBB4OD UBB2A4 DDA 03 a3
Leaila7 LINES NANDO4
LINES L&0&7 LINES ANDOZ
[INE7 ) ve2 —PCLK UAD190
LINES UBB42 SCROLL2—INTENT R BUF12
00xxx1111 NANDO6
UBC14 001 XXXXXX UBF24
NANDO3 00x1xxXXX
LINEG 00xx1xxXXX St x mod 16 AND x < 240 DFFCOR
LINE7 0210xxxXXX e UBH32 BUS-DATA15 D Q
LINES UBD15  01xOxxxxx —NES OR02 g
NAND13 ~ 01xx00xxx —EINE/__| VIDEO—CONTROL|
UBD22 01xx0x0xx AV PCLK
JE— NANDO3 \  01xxOxx0x — CLK
LINE6 01xx0xxx0 UBB26 RESET ?
LINE7 NANDO6 D—¢
LINES UBD38
ANDO2
UBD35 veo
____ NANDO3 b }—DROWSCROLL-INTENT >
LINES ®—DWSTROM - INTENT
LINE7 15 <= x < 240 E———a UBE71
LINES UBB6 DFFCOR
— UCA163 UBBS
UBD10 NAND13 NANDO2 VC3 ANDOZ D Q
NANDO4 LINEO. Q
[INE2 —=DEY SCROLL3—INTENT Q
TINEG ./ % CLREMD—PCLK
LINE7 vee TINEZ ] x mod 32 AND x < 240 R
LINEB LINES | Rx == — RESETD—?
LINE4
UBDO LINES WSTROM—END
____ NANDO4 WSTROM—COPY|
[INEL LINE6 b
LINE7
LINEG LINES
LINE7
LINE8 vee 9—DLUTPRO
_ UBE106
UBD7L‘ 510 (aka —2) \\DFFCOR
T NANDO / Default state:
LINEO D Q -> LUTPRO = 0
t::g: UAD335 Q If E(;mfﬁ?SRv(v)nt:eslm PALETTE—-BASE
TINEB TesANDOS CLK4MD—pCLK Wait until WSTLUT-END = 1
TINEL —> LUTPRO = 0 back to default
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NANDO2 NANDO2
N L
D11 t:::j::::)*A*A* > ADLL IGNORED D11 t:::j::::)*‘*‘* BDiL IGNORED
wors 407
NANDO2 NANDO2
N L
D12 t::::{::::)>44*4* ARLZ IGNORED D12 t::::{::::)>44*4* B2 IGNORED
A-WRITED———————— B-WRITED————————
L oa(s.12] L pes..12
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1 T 3 T %
LOL = 0=7 mod 32 DWRITE-MODE Recall: SPRITE-T is 0—3 mod 32
UDK80
NANDOB
uDL85
COL = 0 or 256
R-OE
CLK4yMp—CLKAM
COL[1..8]D— ubJ87
INVO1
coLs coL2
UDK93
DK98 NANDOB
INVO1
coL7 coL3
COL = 0-1 or 256-257
or COL = 4-5 mod 16
eV UDL4
NANDO2
CcoL6 COoL4 J W—OF
ubL91L
UDK100 NANDO3
INVO1 coL2
coL3
coLs :::::>o CoLs COL&
ubL117
ubLe7 NANDOS
INVO1 CLK4M
cout .
CoL4 COL6 coL2 COL = 11 mod 32 DW=CAE=E
coL3
uDL88 CoL4
INVO1 UDL120
— NANDO3 -
coL3 coL7 CLK4M COL = 3, 7, 11, 15 mod 32
L0UL DFRAS
UDL61 cots |
INVO1
coL2 :::::>x> CoLB
cout

coL =3
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[ [ [ [ 5 6 I 7 8
OBJUPD- °
UDB33
INVOL
UDB56 UDB58 XUNDOBR5032
NANDO2 DFFCO0
:' )3 b Q
Q <
——CLK UDB30
NORO2 UDB23
XNOR02
UDB18 UDAG )
NANDO2 DFFCO0 7
UDA31
’—D‘l D QfF—+t9 NOROS3
¢ Q
— LK
UDB32 UDB25 uDB34
NANDO2 DFFCO0 NORO4
vee  UDILoo @ D Q uDC39
LINE[0..6]D> NAND13 ¢ Q XNOR02
— LK . UDG102
UDJ102 \ uDDB8 BUFLD
M175CLH
INVO1 UDB38
NOROS ooL28 DO Q0 FRAME
LINES uDD78 ubC72 ubc73 XNORO2 Qa0
NANDO2 DFFCO0 D1 Qo Px
LINE7 ANDO2 A\ D2 Q1 — UDK76
UDI130 _LINE6 | b— ¢ @ 0 ol—! UDB41 SCAN-243 03 I bx INVO1
INVOL LINES T NANDO2 < Q2
LINEL — LK [ o Sm— FRAME
_LINE3 | G UDA78 CLKBMD————————————— BCLK Q3
LINE2 NBUF02 — R a3 px
UDJ64 _LINE1 |
INVOL / CLKHMD—{ >0—¢
LINEO 0b011110110
LINE = 246
UDE74 UDC65 ;Jggg;
NANDO2 DFFCO0
»ﬂ >
I: ’ %4 “ _CB[0..4]D— uUDC78
M175CL
&—PCLK ubD28 —
NOR02 uUDC36 CB3 Do w p—2LL
XNOR02 CB2 D1 a1 p—L6.
UDC34 UDC30 g:; D2 e Q%
NANDO2 DFFCO0 7 b3 QP
UDD30
¢ Q uDD64 —{R
o— beik XNOR02
UDD67 uDD71 ubD23 DUFDF/E%lR
NANDO2 DFFCO0 NORO4
CBY
COL[1..1 D Qpx _
.,_D D Q LD cout 3 L]
Q <
CLKHMEHDO—{FAXLK
| SPRITET
NANDO3 7
UDD26 UDD33 9 oL o
uDD76 D10 UDL125
ANDO2 NANDO2 bFFCo0 D11 IGNORED
UDA79 ,:D—‘ 7l
INVOL ek
DD[4.12]
MAIN—RESET|
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1 [ 2 [ 3 [ ] I 5
UDF91
M175CLH
NANDOZ UDF73
Do Q0 [—x INVO1
SPRITE-BLOCK—READY| had
=neim=
D2 Q1 0BJUP
SPRITE—X—READY-LID- D3 a px
Q2 DY-HI-ZERD uDD81
BUS—DATA[0..8] D— = uDbD62
[0..8] UDH124 UDG104 @2 px XNOR02 XNORO2 —DWX-A[0..8]
DFFCOR DFFCOR —CLK Q3 —DX-HI-ZERO
BUS-DATA8 3 @ 5 G R T p——DY-HI-INC ” WX=AB
Q Q UDC118
>CLK N >CLK N e RN
wx=c76[ 3, o2 XNOR02
3 3 “wx=C65| o ﬁ:DM
UDK104 UDK124 upJ123 + 3 ¢
M175¢C M175C M175C 8| vy S0 UDE6S
7 1L XNORO2
BUS—DATA7 - Q0 - . - - AAAJ Y0 co ;
BUS—DATAG 5 o i ] i ] o »_DM
BUS—DATAS D2 Q2 D2 Q2 D2 Q2 A
BUS-DATA% 03 a3 03 a3 D3 Q3 UDF88
WX=C5 6 4 o 12 XNOR02
CLK —>CLK —>CLK WX=Ch 510 4 WX=A5
9 = = st ] =
+— R R R + Ll 1;:::j§:::>}4444444*
8 v1 UDF84
uDB83 UDB62 UDAS55 71 vo co K XNORO2
M175C M175C M175C
UDA39 WX—Ak
BUS-DATAS DO Qo DO Qo DO Qo FA c;:::jj:::>}4”44444*
BUS-DATAZ D1 a1 D1 a1 D1 a1 UDD69
BUS—DATAL D2 Q2 D2 Q2 D2 Q2 61 x1 c2 |2
XNOR02
BUS—DATAQ D3 Q3 D3 Q3 D3 Q3 51 xo 4 3§
+ Sip WX—A3
8 SO L
CLK —PClLK —PCLK Y1
UDABG6 UDA112 — R R R TARY) co H UDA75
INVOL NANDO3 XNORO2
SPRITE-BLOCK—READY ubCus WX=A2
BUS—SPRITE-X FAL [
— _
CLK4M CIK&MLID——— CIKEMGMD—— SPRITE-X0G—@ Wy a2 UDCE9
_ 3 XNOR02
SFEET WX~-C[0..7]D~ 5 + s g
o Y o co WX=AL
UDB51 p
XNOR02 UDF44
WX—C3 UDH41L
*‘4‘4‘41::::::j§ :p HAL XNOR02
— X c AiRAFAAAAAAAAAAA* WX—=A0
UDA36 + s 2 q
XNORO2 41y
wX-C2
) > S
UDC42
XNOR02
wX-C1 j:::
¢
UDF41
XNOR02
WX=C0
S s )
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ubD136
INVO1
ubD137
ubD140 ubD132
UDG116 XNORO2
ANDO?2 NANDO2 DFFCO0
ZERO b D Q
RESET Q
—pCLK ubD142
NORO2 UDF141
RESET: q
UDF140Q UDF135
SYNC(SPRITE-X—READY & LI) + RESET NANDOZ DFFCOO -
ING: UDC140
0 @ D Q NORO3
‘ Q UDC138
o BCLK XNOR02
L
UDB139 UDC134 UDA1L0
NANDO2 DFFCO0 NORO4
@ D Q UDA138
‘ Q XNOR02
—PCLK ¢ —
ubB140
NOROS
UDA135 ubDB132
NANDO2 DFFCO0 \
O
Q
—PCLK
CIK8M&MD— WX=C[4.7]
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UDE142
ANDO2

ZERO
RESET

RESET:
CLK4M & LI + RESET

INC:
COL4-SYNC

INCD-
UDF52
INVOL
UDD45 UDD41 ;L%%ﬁg
NANDO2 DFFCO0
b D Q >
Q
——PCLK UDE49
NORO2 UDE51
XNORO2
UDD51 uDD47
NANDO2 DFFCO0 7
UDD53
‘ Q UDB48
o—beik XNORO2
UDB46 UDB42 ubDs9
NANDO2 DFFCO0 NORO4
‘ Q XNOR02
—DCLK ——
UDD56
NORO5
uUDC55 UDC56
NANDO2 DFFCO0 \
2 ]
—DCLK
CLK8MD— WX—C[0..3]
UDC52
ANDO3 WX=CO,
wWX—C1
C=14-15 WX=C2
WX—-C3
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1 2 T 3 T [ T 5
BUS—DATA[0..8] D— UDAL14 UDABY UDE76 WY-C[0..7]D— XUNDOHRBOOZ
DFFCOR DFFCOR DFFCOR
ﬂ >c WY-AB
BUS-DATAB
» g » g » g UDHT09 7
q bx q x Q x FA2 UDGS53
>CLK >CLK >CLK
wr-c76[ o2 XNORO2
7 g 9 WY=C6 5| y 4 y—_j Yo—WI=A7
UDI110 UDF115 UDG123 + 3
M175C M175C M175C 8| vy S0 UDG99
7 1L XNORO2
BUS—DATA7 - a0 - . - - ‘J Y0 co ;
BUS—DATAG 5 o i ] i ] o »_DM
BUS—DATAS D2 Q2 D2 Q2 D2 Q2 A
BUS-DATA% 03 a3 03 a3 D3 Q3 uDG113
wy=c56[ o 12 XNORO2
CLK ik ik WY=Ch 51 %o B WY—A5
—R R R —+ w B q
vt UDJ103
UDA92 UDB108 uDC98 7| vo co |4 XNORO2
M175C M175C M175C
upI84 WY—A4
BUS-DATAS DO Qo DO Qo DO Qo A2 1:DO;
BUS=DATA D1 a1 D1 a1 D1 a1 UDG92
BUS—DATAL D2 a2 D2 a2 D2 Q2 WY=C3 61y c2 & XNORO2
BUS—DATAQ D3 Q3 D3 Q3 D3 Q3 WY=C2 51y, 4 S
4 st WY-A3
8 so |2 [
CLK —CLK —CLK %
UDA121 UDA119 o— R R R 71 vo co K, UDG86
INVO1 NANDO3 XNORO2
SPRITE—BLOCK—READY| UDH129 WY—A2
BUS—SPRITE-Y FAL q
CLK4M CIKEMLID—— CIKEMGMD—— wy=C1 4|y o |2 UDGY6
RESETID———— + s i3 XNORO2
I
Sy co b WY-AL
c:j >C
UDHFAiiil Uoees
XNORO2
wy-co 3|, cle WY—AD
+ s 2| q
Ay
LD WY-A[0..8]
FlPD———
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INCD-
UDE106
INVO1
UDE93
UDE96 UDEB9
UDE97 XNORO2
ANDO2 NANDO2 DFFCO0
ZERO b D Q y
RESET| Q
——CLK UDA127
NORO2 UDA129
XNORO2
RESET:
UDA132 UDI131
SYNC(SPRITE-BLOCK—READY & LI) + RESET NANDOS DFFCO0 y
INC: UDA122
SYNC(SPRITE-X—READY & LI) .,4%44[::::)) D Q NORO3
Q UDA125
o— bk XNORO2
L
UDA134 UDG118 UDE103
NANDO2 DFFCO0 NORO4
’4'441:::::)3 D Q UDE108
‘ Q XNOR02
—PCLK *——
UDE99
NOROS
UDE107 UDG109
NANDO2 DFFCO0 \
- ;
Q
—PCLK
CLKEMD WY-C[4..7]
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INCD-
uDD108
INVO1
uDD8S
uDD83 uDD109
UDB137 XNORO2
ANDO2 NANDO2 DFFCO0
ZERO b D Q y
RESET| Q
——CLK UDE129
NORO2 UDL137
XNORO2
RESET: UDH142 ubI137 ‘
Ll + RESET NANDO2 DFFCO0 7
UDE126
INC: 'A'AAi:::::)} D Q NORO3
X = 14-15 ‘ Q UDE132
o— bk XNORO2
L
UDE138 UDE134 ubD120
NANDO2 DFFCO0 NORO4
’4'441:::::)3 D Q UDD124
‘ Q XNOR02
—DCLK *——
uDD117
NORO5
uDD126 uDD113
NANDO2 DFFCO0 \
D ¢
Q
—DCLK
CLKBMGMD— WY—C[0.3]
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UDG49 LINE[0..7]D—
ANDO2 UDH75
XNORO2
LINEG LINE7
UDH78
— e uonss }F F%”': LINE-1
$ UDH107 XNOR02 fleg - COL8 & WRITE
UDH87 ) LINES LINES. Input is LINE UDF49 BYATG T
COL[1..8]D— —DRY=A[0..7]
M175C NUADNGDBOBZ —DRX-A[0..7] ' M > XNORO2
A\
cos Do Q0 RX—A7 OR02 UDH139 MiAcLy RY=AT
oLy ™ " I UDH137 XNOR02
gng o e UDH74 LINES LINES Lo o aones
. % as NANDO2 D1 0 bx XNOR02
D2 Q1 3 RY—A6
— BCLK ) RX—-Ab OR02 unI107 D3 1 bx
R UDIL35 XNORO2 a2 —x COL7 & WRITE
UDH70 © RY—AS
NANDO2 CLK Q3 X
e RESET, r = RY—AL
) OR02 ubL128
UDHB2 ubli42 LNES XNOR02 —QCIK8MLM  UDIS3
UDK53 NANDO2 LINE2 M175CL
M175CLH e Do T 2:-:2
COoL4 DO Qo —FWE 1 rye | OR02 uDJ99 pt o RY—AL
coL3 01 W bx UDG52 UDK102 XNORO2 D2 Q2 RY—AD
coL2 02 a1 NANDO2 D= E
_WRITE-MODED- D3 a1 px RX=A3
Q2 [ CLK
a2 px UDH46 OR02 ubi79 i
—PCLK Q3 NANDO2 ubJo3 XNORO2
R W p—
| RX—-A2
UDI44
OR02
coLt ) el
UDH43
AQI22 vee
CLK4MD-
_ RX—A0 uDL97
FLIPD M175C
DO Qo
UDLES L— b1 Q1 ———DWRITE-MODE UDLL40
M175C D2 Q2 X DFFCO0
_FRASD- D3 Q3 FRAS
_R-0ED DO Q0 DR-0E COL = 3mod B SCAN-240-245 D QX
_W=0ED- D1 Q1 DW-0E ubLes CLK8MD- CLK NBUFO3 ubD130 Q [—DSCAN-250-245
coLk D2 Q2 [—DwW-CaAs 0RO02 R UDLos NBUF02 Leik
_W-CAS—ED- D3 a3 =
CLK&M W-CAS—E CLKEM CLKGM
CLKBMEGMD- CLK
R UDI48
INvoL Nii‘gé‘z Author: Loic *WydD* Petit
FWE Licence: CC-BY
- ADDR-XY A = SYNC(COL=2-3) MOD 32
OFFCOR o B = else
UDI47 Niz‘[?éz
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UDGY5 3 R—CAS Sheet: /vram—controller/vram—read—addr/
INVO1 CIKBMEMD—PCLK CLK4M oL e 3 File: vram—read—addr.sch
— o = Title: CPS Reverse Engineering: DL-0311
MAIN—RESET| -
Size: A4 [ Date: 2021-09-12 Rev:
KiCad E.D.A. eeschema 5.1.7-3382d34a887ubuntul8.04.1 Id: 41/83
1 T 2 T 3 T [ T 5




1 I 2 I 3 I & I 5 I
upnI3t uni27
DFFCO0 DFFCO0
FLIPD— D Q D Q[DR-SOE
Qo Qo
>CLK >CLK
CLKBMD—u
unL22 ubL2
M175C M175CLH Egtl‘zof ubL42
OR02 NOT (COL = 0 or 256)
_R-CASD—{ DO Qo DO Q0 ——DR-CAS
_R—0ED—| D1 a1 D1 0 px iD—DR—OE
_W—-0ED—] D2 Q2 D2 Q1 X
_FWED—] D3 Q3 D3 uap— UDK36
Q2 =X OR02 NOT (
CLK v _D—D coL = 0-1 or
b= W-D0E COL = 256-257 or
R vee CLK Qs DFwWE COL = 4-5 mod 16
L M R a3 px )
CLKeMD—e UDL4s
DFFCO0
D QX
Q
CLK8MD- >CLK
uDJ31
DFFCO0
uDJ89 UDJ95
D Qlx DFFCO0 DFFCO0
XLKQ WY-AB_1p g X [P gDoso
Q 0 x
CLKBMlD—wXLK
0
UDJ40 uDJ38 unJ2 uDJ4t
INVO1 ANDO2 M175C M175C
e CAS ENABLE - ” o0 -
M=CAS-ED— (presync) L— b1 a1 D1 a1
D2 Q2 — L— b2 Q2 DW-SOE
UDK45
oW D3 Q3 SPRITE-XOD—{ D3 Q3
CIKBMID CLK CLK o
B W-CAST R vee R
WY=A[8..8]D— VY-8 [] W—CAS[0.1]
(presync) l @
UDK52 UDK49 CEIN TSI STE
INVO1 AN SCAN-240-245 & W—-CAS & WX—AO & WY-A8
WX—A[0..0]
A=A g R SCAN—250-255 & W-CAS & WX—AO & WY-A8 | Author: Loic *WydD* Petit
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(presync)
_W-CASD——
SCAN—240-245D———
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heet: wstram—reg

COL[1..2]D-

BUS—DATA[0..15] D— BUS—DATA[0..15] PLOWEDD)
PLLWEDD)
WSTROM—COPYD—DWSTROM—COPY boweod
COLL beoLt PL3WEDD)

DWSTROM
CLK4MD—D CLK4M ROMA—BASE[0..6]0}
CLKBMD—D CLK8M RAM—BASE[0..6]0}

File: wstrom—reg.sch

heet: wstrom—caounter

—DPLOWED
—DPLIWED
—DPL2WED
—DPL3WED

heet: wstrom—addr—bus

DROMA—BASE[0..6]

DEBUG[G..&]h

DEBUG6

LD RAM—BASE[0..6]

DCOL[1..2]
DDEBUG6

WSTROM—CNT[0..15]

MAIN—-RESETD—]

DMAIN-RESET

WSTROM—RESETD—]

WSTROMD——4

DWSTROM-RESET

WSTROM—END

DWSTROM—CNT[0..15]

——PWSTROM

ADDR[1..23] —OADDR([1..23]

GFX—ADDR[0..22] — GFX—ADDR[0..22]
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WSTROMD- *
UBD136
INVO1
UBB105 UBE114 ;Sgégg
NANDO2 DFFCO0
b D Q
0
——CLK UBB147
NORO2 UBBL44
XNORO2
UBB141 UBE156 1]
NANDO2 DFFCO0 L4 7
UBB135
‘  x UBB138
o— bcik XNORO2
q
UBB143 UBC153 UBB154
NANDO2 DFFCO0 NORO&
"—D)‘l D al—te 1}7*% UBB181
2 bx XNORO2
—DCLK -
UBD154
NORO5
UAC246 UBBSL UBB179 UBD180
ANDO2 ANDO2 NANDO2 DFFCO0 \\
DEBUGGB::j[:::)441 | )
D Qf—e
WSTROM—RESET =
j ) 3 [ /
—DCLK q
DWSTROM—CNT[0..15]
WSTROM-CNTO
WSTROM-CNTL
WSTROM-CNT2
WSTROM-CNT3.
UEB314
INVO1
UAD423
NBUF02
I UEB319
DEBUG6 NANDO2
UBF84
INVO1 UBF105 uBD128 UBD147
ANDO2 ho122 UBE127 XOR02
DFFCO0
q b Q 7
Q X
—PCLK UBD157
NORO2 UCA501
XNORO2
UEB320 ) S
AQI22 UEI314 Di
DFFCO0 7
UEI322
b Q NORO3
0
—DCLK
UEI319 ¢
ACI22 UEJ320 UEJ314
DFFCO0 NORO%
b Q UEJ317
2 bx XNORO2
—DCLK
UEI304 %%E%;
AQI22 UEJ306
DFFCO0 T T T 7]
UBD92
ANDO2 b ol—e \
N 2 ]
1r4k44{___,} —CLK
WSTROM—CNTG
WSTROM-CNT5.
WSTROM-CNT6.
WSTROM—CNT7
UEC282
INVO1
UEF295
NANDO2
UBF133
INVO1 uccu67 ves287 UEK293
ANDO2 ho122 UEK288 XOR02
DFFCO0
q b Q 7
Q X
—PCLK UEK303
NORO2 UEK311
XNORO2
UEG303 ) S
AQI22 UEG275 Di
| DFFCO0 7
& UEH268
b Q NORO3
0
—DCLK
UEH274
AQI22 UEI259 UEI301
DFFCO0 NORO%
b Q UEI311
2 bx XNORO2
—DCLK
UEI298 %%%g?
AQI22 UEI283
DFFCO0 \
UBI100
ANDO2 b ol—e \
N Ci ]
1r4k44{___,} —CLK
WSTROM-CNT8.
WSTROM-CNT9.
WSTROM-CNT10
WSTROM-CNT11
UEB312
INVO1
UED274
NANDO2
UBEB4
UEJ303
INVO1 UBF120 UEJ295
ANDO2 ho122 UEK307 XOR02
DFFCO0
q b Q 7
Q X
—PCLK UEK330
NORO2 UEK314
XNORO2
UEJ311 ) S
AQI22 UEK317 Di
DFFCO0 7
UEK327
b Q NORO3
0
—DCLK
UEJ298
AQI22 UEJ291 UEG279
DFFCO0 NORO&
b Q UEG270
2 bx XNORO2
—DCLK
UEHI 71 ﬂﬁﬁiﬁ?
AQI22 UEH277
DFFCOO \ UBF86
UBB94 UBI106 ANDO3
INVO1 ANDO2 b ol—e \
N qx ] coL2 D—DWSTROM—END
MAIN—RESET| ,4,44{___/} o BCLK coLt
UEG265
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[ ucc225 [ UBG122
ROMA—-BASE[0..6]D— M368C RAM-BASE[0..6]D— M368C

ROMA-BASEG A0 vo b GFX—ADDR22 RAM—BASEG A0 vo b ADDR23
AL vi b GFX—ADDR21 RAM—BASES AL vi b ADDR22
a > vo b GFX-ADDR20 o > vo b ADDR2L
A3 v3 b GFX—ADDR19 RAM—BASE3 A3 v3 b ADDR20
—d OF —d OF
ucc1s UEC302
M368C M368C
ROMA—BASEZ A0 Y0 fo——GEX-ADDR18, RAM-BASEZ A0 Yo p——ADDR19
ROMA—BASEL AL v1 o——GEX=ADDR17, RAM-BASEL AL v1 p——ADDR1B
ROMA—BASEO a2 > yo b GFX-ADDR16 RAM—BASEQ o D> vobADDR17
& A3 Y3 b—x & A3 Y3 b—x
—(J OF —(d OF
uccu2s UEG328
M368C M368C
WSTROM-CNT15 A0 vo b GFX—ADDR15 WSTROM-CNT12 A0 vo b ADDR13
WSTROM-CNT14& AL vi b GFX—ADDR14 WSTROM-CNT13 AL vi b ADDR14
WSTROM—CNT13 o D vb GFX—ADDR13 WSTROM—CNT14 o D vb ADDR15
WSTROM-CNT12 A3 vz b GFX—ADDR12 WSTROM-CNT15 A3 vz b ADDR16
—(J OF —(d OF
UBI1L UEF317
M368C M368C
WSTROM-CNT11 A0 vo b GFX—ADDR11 WSTROM—CNT8 A0 vo b ADDR9
WSTROM-CNT10 AL vi b GFX—ADDR10. WSTROM -CNT9 AL vi b ADDR10
WSTROM-CNT9 A2 > v b GFX—ADDR9 WSTROM-CNT10 A2 > v b ADDR11
WSTROM-CNTB A3 v b GFX—ADDR8 WSTROM-CNT11 A3 v b ADDR12
—(J OF —(J OF
UEJ265 UCC510
M368C M368C
WSTROM-CNT7 A0 vo b GFX—ADDR? WSTROM-CNTA A0 vo b ADDRS5
WSTROM-CNT6 AL vi b GFX—ADDR6 WSTROM—CNT5 AL vi b ADDR6
WSTROM—CNT5 o D vb GFX—ADDR5 WSTROM—CNT6 o D vb ADDR?
WSTROM—CNTA A3 v3 b GFX—ADDR4 WSTROM—CNT7 A3 v3 b ADDRS
—(J OF —(J OF
UEG254 UBF144
M368C M368C
WSTROM-CNT3 A0 vo b GFX—ADDR3 WSTROM—CNTO A0 vo b ADDR1
WSTROM-CNT2 AL vi b GFX—ADDR2 WSTROM—CNT1 AL vi b ADDR2
WSTROM—CNT1 o D vb GFX—ADDR1 WSTROM-CNT2 o D vb ADDR3
WSTROM—CNTO A3 v3 b GFX—ADDRO WSTROM—CNT3 A3 v3 b ADDRY4
WSTROMD—e——d OEF —(J OF
L—5 GFX—ADDR[0..22] OADDR[L..23]
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- UBG130
BUS—DATA[0..15] D— usctso O RAVBASE[O 6]
BUS-DATA15 | g T b RAM—BASEG
BUS-—DATA14 01 @b RAM—BASES
uBro% BUS-DATAL3 | p i) RAM—BASEL
INVO1 UBF119 BUS_DATAL2 = = RAM—BASE3
NANDO2 — ] P
WSTROM—COPY|
CLK4M LK
vee (* R
UEB292
M175CL
BUS-DATALL | pg T b RAM—BASEZ
BUS-DATA10 D1 a b RAM—BASE1
BUS-DATAY 02 @ b RAM—BASED
< D3 T3 px
CLK
vee (* R
ucc233
M175CL —D ROMA-BASE[0..6]
BUS-DATAB 00 T b ROMA—BASEG
BUS—DATA7 D1 a b ROMA—BASES
BUS-DATA6 02 b ROMA—BASEX
BUS-DATAS 03 = b ROMA—BASES
CLK
vee (* R
ucces7
M175CL
BUS-DATA% - @ b ROMA—BASEZ
BUS—DATA3 D1 a b ROMA—BASE1 UBGY8
BUS—DATA2 D2 © b ROMA—BASEO BUF12
< D3 T3 px
PLOWED
CLK
R UEI274
vee BUF12
UBH124
DFFCO0 PLAWED
BUS-DATA1
b Q UE1257
QX BUF12
>CLK
UBG109
UBIT7 ol :::::>444>PL2WED
DFFCO0 —
sA 00 p——— UEG273
BUS =DATAQ b g 8 Oib BUF12
Qo 02
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BUS—DATA[0..15] D—f

D BUS—-DATA[0..15]

PALETTE -BASED—]

D PALETTE-BASE
DBUS-WSTLUT

BUS—-WSTLUTD—@
L heet: wstlut—counter

LUTPROD—P LUTPRO
CLKAMD—D CLKAM

DEBUGI5..5 p——
: : DEBUGS DDEBUGS

MAIN-RESETD—— MAIN-RESET

DBUS-WSTLUT LUT-CNT[0..7]

LUT-CNT[8..11]

DTUT-CNT[0..7]

DLUT-CNT[8..11]

PALETTE—BASED(

WSTLUT-ENDDY
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CLK4MD—
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BUS—WSTLUTD-
BUS—DATA[0..15] D— UBH104 UBH130 UBF155
M175CL M367C M368C
BUS-DATA15 0o w A0 Yo ADDR23 LUT-CNT4 A0 vo b ADDRS5
BUS-—DATA14 01 o AL vi ADDR22 LUT-CNT5 AL vi b ADDR6
- BUS—DATA13 02 @ o Doy ADDR21 LUT-CNT6 o D ovb ADDR?
oRos BUS—DATA12 03 RK; A3 v3 ADDR20 LUT-CNT/ A3 v3 b ADDRS
PALETTE—BASEg:D 3 3
i CLK
CLKGM vec 7 UBC122
A M368C
UEH306 UEJ328
M175CL M368C LUT-CNTO A0 vo b ADDR1
LUT-CNTL ADDR2
- — LUT-CNTL b ADDR2
BUS—DATA11 Do ] A0 vo b ADDR19 TN Al Y1 ADDR3
BUS-DATA10 a1 ADDR18 e A2 Y2 o
BUsDATAD T [ Al > o oR1T LUT-CNT3 A3 v3 ADDRY4
BUS—DATA9 02 © I v b ADDR1 oP—
BUS—DATAB 03 = A3 v3 b ADDR16 3
= [UT-CNT[0..7]D—
el OF
vee FR
UEE311 UEF324
M175C M367C
BUS—DATA7 0o Q0 A0 Yo ADDR15
BUS-DATA6 01 at AL vi ADDR14
BUS - DATAS D2 s o Doy ADDR13
BUS—DATA4 03 a3 A3 Y3 —x
CLK UED315 Ot
R FA2
vee R UEC316
X1 oo 2« M367C
© oy oap A T
M175CLH S0 Al Y1
Y1 > ADDR10
_BUS-DATAS | o Q0 Yo co [t A2 Y2 T
A3 Y3 DDRY
BUS—DATA2 01 W bx
BUS—DATAL 02 at 3
BUS—DATAQ D3 at bx UEC312
Q2 X HA1
02 px y Ak ADDR[1..23]<
CLK Q3 = 1 s|2
vee R Q3 -
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BUS—WSTLUT S
UBA130
INVO1
UBB133 INVO1
UBB132 UBB124 gsgéég
NANDO2 DFFCO0
b D Q
0 x
——BCLK UAD494
NORO2 UAD497
XNORO2
UBAL54 UBA158 ‘
NANDO2 DFFCO0 .
UAD491
,A.AAj:::::)3 D Q NORO3
b Q x UAD481
—DCLK XNORO2
q
UAD480 UBA132 UBA140
NANDO2 DFFCO0 NORO4
’4'441:::::)3 D Q UBA143
b Q x XNORO02
—DCLK ——
UBA151
NORO5
UAD440 UADLSS UBA136 UBA145
ANDO2 ANDO NANDO2 DFFCO0 \
DEBUGSg:D_{ | > b @ )
LUTPRO P ) 7l ]
—DCLK
UBA176
INVOL DLUT-CNT[0..7]
UBB97
INVO1 s
I UBA163
DEBUGS NANDO2
=S
UBB95
INVO1 UBB98 Ufgé? UBC144
ANDO2 UBD157 XOR02
DFFCO0
q
— e P
Q X
ISCLK UBC132
NORO2 UBC116
XNORO2
UBD113 )
AQI22 UBE119
DFFCO0 7
UBC174
D Q NORO3
7 x UBC178
o BCLK XNORO2
UBC159
AQI22 UBE174 UBC168
DFFCO0 NORO
D Q UBC151
Q bx XNORO2
—DCLK
UBD124 ﬂﬁﬁé;;
AQI22 UBD143
DFFCO0 \
UBB106
ANDO2 b o \
— i ]
1r4k44{___,} —CLK
UEC327
INVO1
CIKEND—e UEA257
< N 0AI2L UBF141
ADDRI0 ANDOS
081163 ADDR12 DRAAE;;;J[::::>}A*444444*47
NANDO2 PALETTE—BASED ADDRY WSTLUT-END
q
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Ends with 0x1800
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Ends with 0x0400
UBA100
INVOL UBAL11 uppLat UBEL32
ANDO2 UBG180 XOR02
DFFCO0
r A\
—1 > o ) O—
Q
—PCLK UBE146
NORO2 UBF135
XNORO2
UBF127 ) S
AQI22 UEB275 ﬁ::::))“*“*
DFFCO0 7
UCB505
D Q NORO3
Q
—DCLK
UEB281
AQI22 UEB325 UEA308
DFFCO0 NORO4
D Q UEC309
Q XNORO2
—DCLK
UEA266 %%E%?
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Sheet: objram—base Sheet; bus—sprite—addr—main
BUS—DATA[0..15] D—— BUS-DATA[0..15] X8~-MODE X8-MODE ADDR[1..23] 9—OADDR[1..23]
OBJRAM—BASED——D OBJRAM—BASE OBJRAM—BASE[6..15] OBJRAM—BASE[6..15] )
—P CLK4M ENTRY—IDX[0..7] Sprite Colour Lookup
STATE[0..1] )
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Sheet: sprite—entry—lookup
SCAN—240-245D——D SCAN-240-245  ENTRY—IDX[0..7] File: Dus=sprite-addr-—main.scn T
i et - " BUS—SPRITE-LOOKUP  ADDR[1..13]<X
LI-SYNCEDD—— LI-SYNCED ATTR-LOOKUP
&P CLK4GM LOOKUP—IDX[0..4]
—+—DRESET BLOCK—READY D SPRITE-BLOCK—READY
Sheet: sprite—block—sync
File: sprites—entry—index.sch
ATTR—XBLOCK[0..3] BUS—SPRITE-TILE-SYNC BUS—SPRITE-TILE-SYNC
ATTR—YBLOCK[0..3] SPRITE-~BLOCK—READY SPRITE—BLOCK—READY
SPRITE-X—-READY-SYNC SPRITE—X—READY-SYNC
LD—PLI SPRITE—BLOCK—RESET —D SPRITE-X—READY—-LI
Sheet: bus=sprite=signals SCAN-243D—D SCAN-243 SPRITE—X—READY TILE-XOFF[0..3]
e ——PCLK&GM SPRITE—X—READY - LIDH—+—+—@ TILE-YOFF[0..3]
BUSTMETOBD BUS-WSTOB) ~BUSTSTOR) —PRESET-SCANZE3 SPRITE-BLOCK—RESET (KU,
ATTR—XFLIP
STATE[0..1] T
Sheet: sprit try—att File: sprite—block—sync.sch ATTR=YFLIP
BUS-SPRITE-XD—DBUS-SPRITE-X eelisprile—entry—allr LUD—b LI
BUS—SPRITE-YD—DBUS-SPRITE-Y B B Sheet: sprite—entry—tile CLKGM
FUC—SPRITE=TILE SPRITE-BLOCK—READY<J— CLK&M
UBBO BUS-SPRITE-ATIR BUS—SPRITE-ATTR ATTR-LOOKUPDY— BUS—SPRITE-TILE BUS-SPRITE-TILE-SYNCDH— File: sprite—entry—(ookup.sch
NORO?2 BUS—SPRITE-LOOKUP BUS-SPRITE-LOOKUP ~ LOOKUP—IDX[0..4] BUS—DATA[0..15]D- BUS-DATA[0..15] SPRITE-BLOCK—READYG—— Sheet: soriteblock :
- - eel: sprite—block—counter
MAIN—RESET 'HDEEEE: WSTOBJ—ENDD—DWSTOBJ—END ATTR-XBLOCK(O..3] CLK4MD- CLK4M SPRITE=BLOCK=RESET
SCAN-243 b ATTR-YBLOCK[0..3] oD CLKLGM TILE-BASE[0..7] TILE-BASE[0..7] ROMA-Y[0..3] ¢—OROMA-Y[0..3]
- TILE-XOFF[0..3] TILE-XOFF[0..3]
File: bus—sprite—signals.sch B B
ATTR-XBLOCK([0..3] ATTR—XBLOCK[0..3] TILE-YOFF[0..3] TILE-YOFF[0..3] GFX-ADDR[4..19) —0 GFX-ADDR[*..19]
ATTR-YBLOCK[0..3] ATTR-YBLOCK[0..3] TR _CB0..4]9—0_CB[0..4]
ATTR=XFLIP ATTR=XFLIP ATTR-YFLIP CPC[0..0]9—>_CPC[0..0]
D CIKAM BUS—DATA[0..15] D—— BUS-DATA[0..15] ATTR-YFLIP ATTR—YFLIP re Dy LR —o XFLIP
UCA30 O RESET-SCANZL3 SPRITE Y —READY=T _YFLIPO—O_YFLIP
NBUFO3 File: sprite—entry—tile.sch SPRITE—BLOCK—RESET
CLK4M ° D CLK4M % Le DE‘LKW
CLK4MD—P CLK4M
FLPD—bFLp LOOKUP LOOKUP
LD—PLI XFLIP XFLIP
YFLIP YFLIP
A0 UAD111 DRESET-SCANZ43 COLOUR(O..4] COLOUR(O..4]
NOR02 BUFL2 File: sprite—entry—attr.sch COL[S..8]D—pPCOL[S..8]
MAINRESET SPRITE-TD—PSPRITE-T
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OBJRAM—BASE[6..15] D—4¢
UAC290  UAC296 OADDR[1..23
XNORO2 TINVBF
OBJRAM-BASEG ) ADDRLA
BUS—-WSTOBJD- *
UBJ57
MUX24GH
ENTRY—IDX[0..7] D— UBG152
M368C
Exng:'gig ADDR12 OBJRAM-BASE15 A0 vo b ADDR23
] ADDR11 OBJRAM-BASE1h A i ADDR22
s e i T
ENTRY-IDX5 A3 Y3 p———
ENTRY—IDX4 > d oF
ENTRY-IDX3
X8-MODED- AB UEI328
3 M368C
UBI138 OBJRAM-BASE11 A0 vo b ADDR19
MUX24GH OBJRAM-BASE10 o ADDR18
OBJRAM-BASE9 A > " o ADDR17
STAIRY=DXS OBJRAM:BASEB h2 12 ADDRib
ENTRY—IDX4 A3 Y3p———
EATRY-1D%2 —q
ADDR?
ENTRY-IDX2 :ggzg
ENTRY-IDX1
ENTRY=IDX0 UAD279
TINVBF
< OBJRAM-BASE7 2? ADDR15
AB
E
UBI166
MUX24GH
ENTRY-IDX1
ENTRY-IDX0
N ADDR4
A ADDR3
ADDR13
ENTRY—IDX7
UAD270 UAD323
INVO1 OR02 _
ﬁ\ AB
BUS-SPRITE-LOOKUP rggwgal__// 4
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UAC364
DBUF
BUS-WSTOBJ D_BUS-WSTOBJ
UAD351
INVO1
UBA18
INVO1
UAD362
UAD366 UAD380
UBA29 XNORO2
ANDO2 NANDO2 DFFCO0
b D Q
RESET Q
—pCLK UBA8
NORO2 UBAL1
XNORO2
UBAL4 UBE16 )
RESET WHEN SCAN-243 NANDO2 DFFCOO 7
UBA37
»_D; D Q NORO3
Q
—PCLK
UBA35 UBC164
NANDO2 DFFCO0
Order of operations
»_D? D Q UBD49 3>2>1>0>4
Q XNORO02
—DCLK —— STATE[0..1]
ﬁgggé STATE1L
UBD44 UBF45 STATEQ
NANDO2 DFFCO0 \
\ ucBo ucco
b Q ] D38GL M175C
Q —X
—PCLK SA awp—— o Q0 —DBUS-SPRITE-X
CLK4MD- SB alp—— 0t Q1 —DBUS-SPRITE-Y
sC op——— 02 Q2 —DBUS-SPRITE-TILE
UBE21 — vee B3p——1 D3 Q3 [—DBUS-SPRITE-ATIR
XNOR02 x =2-6 b
\]:) > (M Y 05 p—x | CIKGMD—CLK
x >= 4 L UAD293  d % % HH e -
UAD332 & 9
XNORO2 NORO3
P! DBUS-SPRITE-LOOKUP
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BUS—DATA[0..15]E UBG159 —D OBJRAM—BASE[6..15]
M175CL
BUS-DATAL5 [ g o OBJRAM—BASELS
BUS-DATAL4 | o OBJRAM—BAGELG
BUS-DATAL3 | p o OBJRAM—BASEL3
UCAZ279 BUS-DATA12 | 3 e OBJRAM—BASE12
0R02
DBJRAM—BASE
CLK“MS:D vee %LK
UEG306
M175CL
BUS-DATALL [ g o OBJRAM—BASELL
BUS-DATAL0 | o OBJRAM—BASELD
BUS-DATA9_| > o OBJRAM—BAGED
BUS-DATAB | 5 = OBJRAM—BASEB
CLK
UAD288
DFFCO0
BUS-0ATA7 [ o]
q OBJRAM—BASE7
>CLK
UAC285
DFFCO0
BUS-0ATA6 [ o]
q OBJRAM—BASEG
>CLK
UBI4O
DFFCO0
—BUS=DATAO | | pxs—MoDE
0 x
>CLK
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— Y FLIP
+ Y FLIP
ucc1s7
Mesc —_CPC[0..0]
INC when = -
SPRITE—X—READY & LI YO LPCO
YI p——-——————— O YFLIP
UAD271 UAD500 D Y 2p—mr-—-—— O XFLIP
INVO1 NOR02 3 CBY4
LOAD WHEN i
SCAN-243 OR
[SPRITE-BLOCK—READY & LI] SPRITE—X~READYD— * UBA155
S YOR02 COLOUR[O..4] Ucc3s _CB[0..4]
TILE-YOFF[0..3]D— UBA119 ATTR=YELIP M368C
AQI22 UAD4E7 b
TILE-YOFF3 DFFCO0 7 COLOURS AD Y0 CB3
gsgég; UBB170 COLOURZ Al Ya cB2
b QX NANDO2 UBC147 COLOURT CB1
N XNORO2 e A2 Y2
Q COLOURO A3 3 CBO
——PCLK q
= UBC119 b o—doF
& AQI22 UBC135
E TILE-YOFF2 DFFCO0 UBB151 TILE—BASE[0..7]D— UCA129
a M368C
v 0 alx XNORO2 UBB171 -
T 3 NANDO3 ooees TILE—BASEY G V0 b GFX—ADDR19
o— bk Jt ) )< ¢ TILE—BASEG AL vi b GFX—ADDR18
UBA9O TILE—BASES 2 D vnb GFX—ADDR17
AQI22 UBAB3 TILE-BASE4 A3 v3 p— GFX—ADDR16
TILE-YOFF1 DFFCO0 —
UBB160 o—d OF
D Qlx XNORO2 UBB166
TILE-YOFFO q \DC NANDo® vesas
—DCLK q
UBA108 UBB113 louE Hgggé
INVO1 AQI22 UBB119
DFFCO0 TILE-BASE3 A0 Y0 b GFX=ADDR15
)U(gggg UBB68 TILE—BASEZ o v1 b GFX—ADDR14
boarx N NORO2 UBB163 TILE=BASEL 2 D vnb GFX—ADDR13
CERTF ARG RECET Q N\ TILE-BASEO GFX—ADDR12
- - r' D—SrA—AUURLE
SPRITE—BLOCK—RESETD- o bcLk ) ) DlNANDou A3 Y3
CLKGMD— &——J 0t
UBIO
M367C
UAD48BS5
INVO1L A0 Yo GFX—ADDR11
GFX—ADDR10
_ Al Y1
Ll L n Doy
A3 3 GFX—ADDR8
SPRITE=TD g| O GFX—-ADDR[4..19]
INC when
L UEH254
— X FLIP LLAODRSS; coL[5..8] M367C
LOAD WHEN + X FLIP i ROMA-Y3
SPRITE—X—READY & LI YO
UAC276 D>
ATTR-XFLIP| XOR02
TILE-XOFF[0..3]D— UAC270 ATTR=-XFLIPD— GND
A0I22 UAC298 ) I _
TILE-XOFF3 DFFCO0 Unpien 7 SPRITE-TD————( OF ROMA-Y[0..3]
D Qlx XNORO2 ﬁ:ggég UAD179
Q N XNORO2
——PCLK q
UADL74 <
A0I22 UAD164
o TILE-XOFF2 DFFCO0
< UAD443
= - XNOR02 UAD343
'é b X R NANDO3 UAD214
a Q XNORO2
v —CLK q 3
UAD168
AQI22 UAD196
TILE-XOFF1 DFFCO0
UAD446
D Qlx XNORO2 UAD340
TILE-XOFFO Q \ NANDO4 UAD303
PO p XNORO2
UAC152 UAD260
INVO1L A0I22 UAD346 |
DFFCO0
UAD507 UADS10
b QX XOR02 NORO2
Q r\ UAD464
SPRITE—X—READY-LID- ® o bcLk DlNANDou
CLK&MD— <
GND
UEE254
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DOUT[0..9]
IN[0..9]D
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INO IN8 D QX
g | oute
UAD100 UcB125 ccios —PCLK
BUF11 BUF11 BUF11 R UAD1L UADLS UADET
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< aORZ3 || 4 Q1 |_ADDR-0UT23
GND ADDR22 D2 Q2 | —ADDR-0UT22
ADDR21 03 qs | _ADDR-0UT21
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¢ —pCLK
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UBJ35
M175C
ADDR20 00 0 | _ADDR-0UT20
ADDR19 D1 Q1 ADDR-0UT19
ADDR18 02 > |_ADDR-0UT1B
ADDR17 03 qs [_ADDR-0UT17
vece
¢ —pCLK
R
UCA143
M175C
ADDR16 00 0 | _ADDR-0UT16
ADDR15 D1 Q1 ADDR-0UT15
ADDR14 02 > |_ADDR-0UT14
ADDR13 03 qs [_ADDR-0UT13
vece
¢ —pCLK
R
ADDR[1..23] D———4 p———DADDR-0OUT[1..23]
uBl19
M175C
ADDR12 00 Q0 | _ADDR-0UT12
ADDR11 D1 Q1 ADDR-0UT11
ADDR10 02 > [_ADDR-0UT10
ADDR9 03 g3 [_ADDR-0UTY
vece
¢ —pCLK
R
ucB371
M175C
ADDRS 00 0 | _ADDR-0UTS
ADDR7 D1 Q1 ADDR-0UT7
ADDR6 02 2 [_ADDR-0UT6
ADDRS 03 g3 |_ADDR-0UTS
vece
¢ —pCLK
R
UBEBS
M175C
ADDR4 D0 Qo |_ADDR-0UT4
ADDR3 D1 Q1 ADDR-0UT3
ADDR2 ADDR-0UT2 - R
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This part is a big and complex bus multiplexer.

Sometimes it has clear distinct lines, sometimes processing are mutualized between layers.
For the sake of clarity, I've layed down what is the result of the ROMA bus

after everything is applied (assuming no DEBUG flag)

OPERATIONS
ROMA Sprites Scroll 1 Scroll 2 Scroll 3 Star 1 Star 2 WSTROM
0 YFLIP(YO YFLIP(YO) ~ YFLIP(YO)  XFLIP(YO) YO ) ADDRO
1 YFLIP(YL YFLIP(YL)  YFLIP(YL)  YFLIP(YL) Y1 Y1 ADDR1
2 YFLIP(Y2 YFLIP(Y2)  YFLIP(Y2)  YFLIP(Y2) Y2 Y2 ADDR2
3 YFLIP(Y3 ADDR4 YFLIP(Y3)  YFLIP(Y3) Y3 Y3 ADDR3
4 ADDR4 ADDR5 ADDR4 YFLIP(YL) Y4 Y4 ADDR4
5 ADDR5 ADDR6 ADDR5 YFLIP(Y5)  ADDR4 ADDR4 ADDR5
6 ADDR6 ADDR7 ADDR6 ADDR4 ADDR5 ADDR5 ADDR6
7 ADDR7 ADDR8 ADDR7 ADDR5 ADDR6 ADDR6 ADDR7
8 ADDR8 ADDRY ADDR8 ADDR6 ADDR7 ADDR7 ADDR8
9 ADDRY ADDR10 ADDRY ADDR7 ADDRS ADDRS ADDRY
10 ADDR10 ADDR11 ADDR10 ADDRS ADDRY ADDRY ADDR10
11 ADDR11 ADDR12 ADDR11 ADDRY ADDR10  ADDR10  ADDR11
12 ADDR12 ADDR13 ADDR12 ADDR10 ADDR11  ADDR11  ADDR12
. 2 13 ADDR13 ADDR14 ADDR13 ADDR11 ADDR12  ADDR12  ADDR13
sheet: roma—mux—3=-35 14 ADDR14 ADDR15 ADDR14 ADDR12 ADDR13  ADDR13  ADDR14
15 ADDR15 ADDR16 ADDR15 ADDR13 ADDR14  ADDR14  ADDR15
ROMA-Y[0..5]& ROMA-Y[3..5] A-ROMA[3..5]0r—4 Sheet: roma-mux—=12-14 16 ADDR16 ADDR17 ADDR16 ADDR14 ADDR15  ADDR15
YFLIP B-ROMA[3..5] D+ 17 ADDR17 ADDR18 ADDR17 ADDR15 ADDR16  ADDR16
GFX—ADDR[0..22]¢> GFX—ADDR[4..9] GFX—ADDR[10..15] A—ROMA[12..14]C} }g ﬁgggig guumg ﬁgg;ig ﬁgg;ig QBBE% QBBE%
SCROLL1-STARS SCROLL1-STARS B-ROMA[12..14]Dy 20 ADDR20 ADDR20 ADDR20 ADDR20 ADDR20  ADDR20
SCROLL3—STARS SCROLL3—STARS 21 ADDR21 ADDR21 ADDR21 ADDR21 ADDR21 ADDR21
22 ADDR22 ADDR22 ADDR22 ADDR22 ADDR22  ADDR22
SCROLL1.GFX—-CHNL SCROLL1.GFX—-CHNL
SCROLL3.GFX—CHNL SCROLL3.GFX—CHNL Notes: B
STARS.GFX—CHNL STARS.GFX—CHNL - Flips are noted as F(A) = A xnor F
ELSE.GFX—CHNL ELSE.GFX—CHNL — ADDR is the GFX—ADDR bus and Y is the ROMA-Y bus
P GFX—CHNL P GFX—CHNL If we go beyond and resolve each ADDR value, we get the following lookup table
P CLK4M P CLK4M There are timing considerations to have regarding the channel but the overall idea is there.
File: roma—mux—3-5.5ch File: toma—mux—12-=T1%4.sch OPERATIONS
Sheet: roma—mux—6-8 Sheet: roma—mux—15-17 Bit Sprites Scroll 1 Scroll 2 Scroll 3 Star 1 Star 2 WSTROM
0 YFLIP(COL5) YFLIP(YO)  YFLIP(YO)  XFLIP(X1) YO ) CNTO
YFLIP(COL6)  YFLIP(Y YFLIP(Y YFLIP(YO) Y Y CNT
GFX—ADDR[4..9] A—ROMA[6..8] O GFX—ADDR[13..18] A—ROMA[15..17]D—@ : VELIPECOLE)  VELRLYL) YELPbYL VELE v \ \ i
SCROLLI—STARS B—ROMA[6..8]O——9 SCROLLI=STARS B~ ROMA[15.17]0——¢ 3 YFLIP(COL8) TILEO YFLIP(Y3)  YFLIP(Y2) Y3 Y3 CNT3
4 XTILEO TILEL TILEO YFLIP(Y3) Y4 Y4 CNT4
SCROLL3-STARS SCROLL3-STARS 5 XTILEL TILE2 TILEL YFLIP(Y4) Y5 Y5 CNTS
_ _ 6 XTILE2 TILE3 TILE2 TILEO Y6 Y6 CNT6
SCROLLL.GFX=CHNL SCROLLL.GFX=CHNL 7 XTILE3 TILE4 TILE3 TILEL Y7 Y7 CNT7
SCROLL3.GFX—-CHNL SCROLL3.GFX—-CHNL 8 YTILEO TILES TILE4 TILE2 STARXO ~ STARXO ~ CNT8
11— STARS.GFX—CHNL ®———1—P STARS.GFX—-CHNL 9 YTILEL TILE6 TILES TILE3 STARX1 STARX1 CNT9
ELSE.GFX—CHNL ELSE.GFX—CHNL 10 YTILE2 TILE7 TILE6 TILE4 STARX2 STARX2 CNT10
11 YTILE3 TILE8 TILE7 TILES STARX3 STARX3 CNT11
D GFX-CHNL D GFX-CHNL 12 BASEO TILE9 TILE8 TILE6 Y8 Y8 CNT12
D CIK4GM D CIK4GM 13 BASE1 TILE10 TILE9 TILE7 0 0 CNT13
14 BASE2 TILE11 TILE10 TILE8 0 0 CNT14
File: roma—mux—b6-8.5Cch File: toma—mux—15-=17.sch ig gﬁggz Htg%% Htg%% Htgjo g g Ez¥%2
Sheet: roma—mux=9-11 Sheet: roma—mux—18-19 17 BASES TILE14 TILE13 TILE11 0 0 CNT17
18 BASE6 TILE15 TILE14 TILE12 0 0 CNT18
GFX—-ADDR[7..12] A-ROMA[9..11] D GFX—-ADDR[16..19] ~ A—ROMA[18..19]D—@ ;g gASU g g“ﬁ I‘LEB g g CNT19
e B-ROMA[9..11] D— e B—ROMA[18..19]} 5 0 0 0 0
ROMA—-YO GFX—ADDRO +—D SCROLL1-STARS +———1—D SCROLL1—STARS 1 1 1
ROMA_Y1 GFX_ADDRL SCROLL3—STARS SCROLL3—STARS 22 0 0 0 0 1 1
ROMA—Y2 GFX-ADDR2 SCROLLL.GFX—CHNL SCROLLL.GFX—CHNL
ROMA-Y5 GFX—ADDRS SCROLL3.GFX—CHNL SCROLL3.GFX—CHNL
~ROMA-Y4 STARS.GFX—CHNL STARS.GFX—CHNL
~ROMA-YS ELSE.GFX—CHNL ELSE.GFX—CHNL Sheet: gfx—attr—out
:gg[:;riHM "—.:gg[:;ﬁm _CPC[0..1]D—P_CPC[0..1] XSELD—DXSEL
XFLIPD—b_ XFLIP CPC[0..1]D—DCPC[0..1]
- X =g= - X 18— - D—p- CB[0..4] F—OCB[0..4]
Sheet: roma—control—signals File: roma—mux-9-11.sch File: roma—mux—-18-19.sch FLIPD—DFLIP
CoL[1.1] cout SCROLL3-T
Dol SCROLL1I-STARS
SCROLL3-STARS _CB[0..4]D—P_CB[0..4]
SCROLLL—TD—P SCROLLI—T i N
SCROLL3-TD—PSCROLL3—T  SCROLL1.GFX—CHNL CLK_TTNL
STARS—TD—P STARS-T SCROLL3.GFX~CHNL S —
WSTROMD—PD WSTROM STARS.GFX—CHNL CLK=CHNL ENABLE=ATIRG
_YFLIPD—P_YFLIP ELSE.GFX-CHNL File: gfx—attr—ouf.sch
GFX=CHNL Sheet: roma—mux—0-2 Sheet: roma—mux—out
CLK4MD—P CLK4M kv It
ROMA-Y[0..2] A-ROMA[0..2] A-ROMA[0..19] ENABLE-ATTRD)
SCROLL3-T SCROLL3-T ~ B-ROMA[0..2] B-ROMA[0..19]
TELIP CFLIPD Y;HTP ROMA22 ROMA22
- - ROMAZ1 ROMAZ21 CDEND—DCDEN
GFX—ADDR[20..22]  ROMAZ0 ROMAZ0 ROMA[0..22] 4—O ROMA[0..22]
CLK-CHNL CLK-CHNL A—CDEN A—CDEN
CLK—CHNL CLK—CHNL B—CDEN B-CDEN
_CDEND——P_CDEN DEBUG[Z..3]D——PDEBUG[2..3]
O GFX-CHNL
File: toma—mux—0-2.sch
GFX~CHNL File: roma—mux—out.sch
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UEC167 UED167
M175C M175CL
DO Qo DO wp—
D1 Q1 D1 oo
D2 Q2 D2 2
D3 Q3 D3 W o UEEL71
vee vee M258¢
CLK CLK
R R
UEC189
_CPC[0..1] M175CL
UEC142 ;Egégg CPC1 Do 19
NANDO2 CPCO 01 o
FLIP KFLIP D2 ¥
SCROLL3-T| CB4 03 %]
CLK-CHNLD- CLK~CHNLD- CLK
R
UEA36 UEA65
M175C M175C
_CB[0..4]D—4 DO Qo DO Qo
D1 Q1 D1 Q1
D2 Q2 D2 Q2
D3 Q3 D3 Q3 UEBB4
MUX24GH
CLK L CLK
= o b— CB[0..4]
UEB64 CB3
M175C CB2
CB1
CB3 DO Qo CBO
CB2 D1 Q1
CB1 D2 Q2
CBO D3 Q3
CLK GFX—CHNLD- AB
R ENABLE-ATTIRD——— E
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CLK4M CLK4M
NBUFO03
UEH85
UEA168 UEH20
BUF12 GFX—CHNL NBUFO03 UEJ169
NBUFO03
coLt GFX-CHNL
SCROLLL.GFX-CHNL
——DSCROLL1-STARS
UEE130 [ SCROLL1-T + STARS-T ] —DSCROLL3—STARS UEJL75
INVO1 UEE155 NBUFO03
UEK166
SCROLLI=T D24GL SCROLL
SCROLLL-T ELSE.GFX—CHNL 1 & SCROLL3 & STARS
SCROLL1—-STARS SA 00 b (so it's SPRITE + SCROLL2 + WSTROM)
SCROLL3-STARS B
P UEK179
TEY_FONT NBUFO03
GFX-CHNL, a3 a2
SCROLL3-TD—— £ 0
UED130 UED108 STARS.GFX—-CHNL
INVO1 ACI21
CTARC_T UEJ185
STARS—T STARS-T NBUF03
UED98
INVO1 SCROLL3-T + STARS-T SCROLL3.GFX-CHNL
WSTROM
UEE160
INVO1
D—I>o—c>screou34
UEK108
UEA59 NANDO3
OR02
YFLIP
CLK—=CHNL
NANDO2P
CLK4M CLK—-CHNL
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UEF21 UEF26
DFFCO0 DFFCO0
_cDEND—=CDEN D @ D QX
Q Q —DA-CDEN
CLK-CHNLD >CLK >CLK
UEF195
GFX—ADDR[20..22]D—f MA175CLH
GEX-ADDR22 Do Q0 |—DROMA22
GFX—ADDR21 01 W bx
GFX—ADDR20 02 at
CDEN D3 U p—DROMAZL
Q2 X
Q2 p—DROMA20
CLK—CHNLD CLK Q3 X
R Q3 p—DB-CDEN
UED19 UEGL1
ROMA-Y[0..2]D— XNORO2 M175C
A\
DO
ROMA-Y2 D1
D2
UEH2 D3
XNORO2 vee A-ROMA[0..2]
S —>CLK
R
ROMA-Y1 |—j >
YFLIP T YFLIP + SCROLL3 UEE34 UEE10
For SCROLL+SPRITES UEF95 For SCROLL+SPRITES M175C M175C
1 for others UEF98
OR0Z XNORO2 xUNEoEsgz DO Qo Do
TFLIPD— D1 Q1 D1
D2 Q2 D2
UED136 D3 a3 D3
NANDOZ2 B-ROMA[0..2]
SCROLL3-TD—@ %LK %LK
XFLIP
If SCROLL3 = 0
YFLIP xnor ADDRO for SCROLL+SPRITES
ADDRO for others
If SCROLL3 = 1
ADDRO xnor XFLIP
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UEIL58
NANDO2
GFX—ADDR15
SCRDLLLGFX—CHNLD:::[::::bkgkggi
UEI155
NANDO2 ——————DA-ROMA[12..14]
GFX—ADDR14
ELSEGFX—CHNLD::j }) UEI64 ——DB-ROMA[12..14
UEH170 NANDOS UEIL49
CFAoDRLS NANDO2 DFFCO0 GFX—CHNL
D::i::::b 5 @ B-ROMA14
STARS.GFX—CHNL 3 [
UEI180 ——CLK
NANDO2
GFX—ADDR12
GFX—ADDR[10..15] SCROLL16Fx7CHNLD::j[:::)}‘A‘4
UEJL71
GFX—ADDR10 A0I32 UEI157
GFX—ADDR15 UEH217 NANDO2
DFFCO0 GFX—CHNL
GFX—ADDR13___ D QX [:::>
Q
GFX-ADDR15 ISCLK UEH206
A0I24
UEH212
GFX—ADDR14 DFFCO0
ELSE.GFX—CHNL —
GFX—ADDR12 b QX ifﬁ;;xgi
SCROLL3.GFX—CHNL Q
— LK
GFX—CHNL
UEA118
NANDO2
GFX—ADDR14
SCROLLLGFX—CHNL::j[:::)3“*“*
UEA95
NANDO2
GFX—ADDR13
ELSE.GFX—CHNL UEALLS
UEA113 NANDOS UEAL07
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8-111_MOD16 .
D38GL 144001 <CROT>=F O if 8-11 MOD16 and >= 32
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