
1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2023-05-25
KiCad E.D.A. kicad 7.0.2-1.fc37

Rev: 0.6Size: A3
Id: 1/46

Title: DMG-CPU B

File: dmg_cpu_b.kicad_sch
Sheet: /
CC-BY-SA-4.0 þÿ�R�é�g�i�sGalland & Michael Singer -- Derived work from Furrtek

https://github.com/msinger/dmg-schematics

D[0..7]
A[0..15]

CPU_IRQ[0..4]
CPU_IRQ_ACK[0..4]

WRITE
READ

BOOT_SEL

CLK_ENA
OSC_ENA

DATA_VALID

~{CPU_T4}
CPU_T4

RESET_LATCH

BOGA_1MHz

BOMA_1MHz

RESET

BUKE

T1~{T2}

MREQ

~{T1}T2

FEXX_FFXX

CPU_WAKEUP

OSC_STABLECPU_PHI
~{CPU_PHI}

CPU

File: cpu.kicad_sch

SER_OUT

CPU_WR
CPU_RD

FFXX
A[0..15]

~{RESET2}
INT_JP

BOGA_1MHz

~{SIN}

D[0..7]

FF60_D1

~{T1}T2
T1~{T2}

CPU_WAKEUP

FF00 JOYP & FF60

File: ff00_joyp.kicad_sch
CPU_T4

CPU_RD
CPU_WR

APU_PHI

512Hz

~{RESET2}

BUKE

D[0..7]

APU_4MHz

T1~{T2}

A[0..15]
FFXX

APU

File: apu.kicad_sch

16384Hz

~{A0}

~{RESET2}

INT_SERIAL
FFXX

XX00_XX07

CPU_RD
CPU_WR

~{A1}

A[0..15]

SER_OUT
D[0..7]

~{SIN}

FF01-02 SERIAL LINK

File: ff01-02_serial.kicad_sch

INT_STAT
INT_VBL_BUF

INT_TIMER

D[0..7]

INT_SERIAL

CPU_IRQ_ACK[0..4]
CPU_IRQ[0..4]

A[0..15]

CPU_WR
CPU_RD

FFXX

INT_JP

~{RESET2}

FF0F INT

File: ff0f_int.kicad_sch

CPU_WR

~{RESET2}

CPU_RD XX00_XX07

FFXX

FF04_FF07

16384Hz
65536Hz

4096Hz

262144Hz

CPU_T4

BOGA_1MHz

INT_TIMER
D[0..7]

~{A0}

A[0..15]

~{A1}

FF05-07 TIMER

File: ff05-07_timer.kicad_sch

BUKE

CPU_EXT_CS_EN

T1~{T2}

BOGA_1MHz

~{TEST_RESET} ~{RESET2}

RESET

CPU_WR_SYNC
WRITE

APU_4MHz

~{T1}T2

CPU_RD

~{A1}
~{A0}

8192Hz

4096Hz

65536Hz
262144Hz

FF60_D1

16384Hz

D[0..7]

512Hz
CPU_WR

FF04_FF07

OSC_ENA
CLK_ENA

DATA_VALID

BOMA_1MHz

RESET_LATCH

MREQ
PPU_4MHz

OSC_STABLE

CPU_T4

~{CPU_T4}
CPU_PHI
~{CPU_PHI}

APU_PHI

DMA_PHI

CLOCKS AND RESET

File: clocks_and_reset.kicad_sch

~{RESET2}

A[0..15]
D[0..7]

FFXX

~{FEXX_FFXX}

T1~{T2}
~{T1}T2

RESET

BOOT_SEL

FEXX
CPU_RD

FEXX_FFXX

CPU_WR

~{TEST_RESET}

BUKE

SYS DECODE

File: sys_decode.kicad_sch

A[0..15]

~{T1}T2

NON_VRAM_MREQ

BOOT_SEL

T1~{T2}

~{FEXX_FFXX}DMA_ADDR_EXT

DMA_A[0..15]

~{EXT_ADDR_EN}

MREQ

CPU_EXT_CS_EN

EXT ADDR BUSES

File: ext_addr_buses.kicad_sch

D[0..7]

CPU_RD

READ

~{T1}T2
CPU_WR_SYNC

T1~{T2}

CPU_WR

CPU_T4
DMA_ADDR_EXT

~{OAM_B_D[0..7]}
~{OAM_A_D[0..7]}

~{EXT_ADDR_EN}

WRITE
NON_VRAM_MREQ

EXT DATA BUSES

File: ext_data_buses.kicad_sch

D[0..7]

FFXX

CPU_WR
CPU_RD

A[0..15]
INT_VBL_BUF

INT_STAT

PPU_4MHz

4096Hz
8192Hz

DMA_ADDR_EXT
~{RESET2}

FEXX

CPU_T4

DMA_A[0..15]

WRITE

T1~{T2}

CPU_WR_SYNC

CPU_EXT_CS_EN

FEXX_FFXX

~{OAM_B_D[0..7]}
~{OAM_A_D[0..7]}

DMA_PHI

NON_VRAM_MREQ

PPU

File: ppu.kicad_sch

Green boxes contain IO pins
Red boxes contain sub sheets



1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2023-05-25
KiCad E.D.A. kicad 7.0.2-1.fc37

Rev: 0.6Size: A3
Id: 2/46

Title: DMG-CPU B

File: sys_decode.kicad_sch
Sheet: /SYS DECODE/
CC-BY-SA-4.0 þÿ�R�é�g�i�sGalland & Michael Singer -- Derived work from Furrtek

https://github.com/msinger/dmg-schematics

1

2

ZYKY
AND_2

1
2
3

WOLY
NAND_3

WUTA
INVERTER_B

1

2

ZUKO
AND_2

WEHU
INVERTER_A

WOCE
INVERTER_A

WEBE
INVERTER_A

WEJU
INVERTER_A

WADY
INVERTER_A

1
2
3
4
5
6
7

WALE
NAND_7

1

2

ZYGA
AND_2

1

2

ZOVY
AND_2

ZUVY
INVERTER_A

1
2
3

AZUG
NOR_3

APUH
INVERTER_B

APOW
INVERTER_B

1

2

ABUF
NAND_2

1

2

ZAPY
AND_2

1

2

ROPE
NAND_2

1

2

SYKE
NOR_2

SARO
INVERTER_B

SYRO
INVERTER_A

ZUFY
INVERTER_A

ZERA
INVERTER_A

1
2
3

UPOJ
NAND_3

ZAPA
INVERTER_A

1

2

ATEF
NAND_2

~{INPUT}

T2
IBUF

~{INPUT}

T1
IBUF

~{INPUT}

~{RESET}
IBUF

1

2

UMUT
AND_2

1

2

UNOR
AND_2

UVAR
INVERTER_A

UBET
INVERTER_A

1

2

TUTU
AND_2

SYPU
TRI_INV_IF1

ZERY
INVERTER_A

YAZA
INVERTER_A

1
2
3
4

ZORO
NOR_4

1
2
3
4

ZADU
NOR_4

1

2

ZADO
NAND_2

1

2

ZUFA
AND_2

1
2
3

YULA
AND_3

12
8

by
te

~{A6}

A2

COL3
COL2
COL1
COL0

~{OE}
OE
WR

~{BL_PCH}
~{WLDRV_PCH}

A6

WLDRV_ENA

D7
D6
D5
D4
D3
D2
D1
D0

~{A5}
A5

~{A4}
A4

~{A3}
A3

~{A2}

HIGH_RAM

TERA
INVERTER_A

1
2
3
4

5
6

TYRO
NOR_6

CLK

~{RESET}
D ~{Q}

Q

TEPU
DFFR_B2

1
2
3
4

TEXE
AND_4

1

2

TUFA
AND_2

1
2
3
4

TUGE
NAND_4

1

2

SATO
OR_2

25
6

by
te

~{A7}

A3

~{A2}
A2

~{ROW3}
~{ROW2}
~{ROW1}
~{ROW0}

~{OE}
OE

~{BL_PCH}

A7

WL_PCH

~{WL_ENA}

D7
D6
D5
D4
D3
D2
D1
D0

~{A6}
A6

COL3
COL2
COL1
COL0

~{A3}

BOOT_ROM

1
2
3
4
5

6
7
8

TULO
NOR_8

AZAC
INVERTER_A

AJOJ
INVERTER_A

1

2

AVUB
AND_2

1

2

APUL
AND_2

ZYBA
INVERTER_A

ZYRO
INVERTER_A

1

2

ZUBU
AND_2

1

2

AJOM
AND_2

1

2

AXYC
AND_2

ZETE
INVERTER_A

1

2

ZOLE
AND_2

1

2

ZAJE
AND_2

ANYK
INVERTER_A

ZEFU
INVERTER_A

RYCU
INVERTER_A

1

2

WOPO
NAND_2

ZYRA
INVERTER_A

WULY
INVERTER_B

ZOKU
INVERTER_A

SOHA
INVERTER_A

ZAGE
INVERTER_A

1

2

WYPE
OR_2

ABEV
INVERTER_B

TONA
INVERTER_A

1
2
3
4
5
6
7

TUNA
NAND_7

ZOKE
INVERTER_A

ZABU
INVERTER_A

~{TEST_RESET}

BOOT_SEL

BUKE

CPU_WR

T1~{T2}

~{T1}T2RESET

D[0..7]

CPU_RD

~{RESET2}

FFXX

FEXX

FEXX_FFXX

~{FEXX_FFXX}

A[0..15]

D6

D0

HRAM_~{A1}A0

HRAM_A1A0

A9

A7

A0

A1

D2

D7

HRAM_OE
HRAM_~{OE}

HRAM_WR

A2

A3
HRAM_~{A2}

HRAM_WR

BOOTROM_~{A3}

A10

A13

A15
A14

A8

D1

D3

D5
D4

FFXX

A7

A0

HRAM_~{A1A0}

HRAM_OE

BOOTROM_~{A7}

A1

A4

BOOTROM_N~{A1A0}

BOOTROM_N~{A1}A0

BOOTROM_NA1~{A0}

BOOTROM_NA1A0

BOOTROM_~{A7}

A6
BOOTROM_~{A6}

HRAM_A1~{A0}

A2

D0
~{T1}T2

CPU_RD
BOOT_SEL

BOOTROM_A5A4

BOOTROM_~{A5}A4
BOOTROM_~{A5A4}

BOOTROM_NA1~{A0}
BOOTROM_N~{A1}A0

A14

A9
A8

A15

BOOTROM_~{A2}

BOOTROM_N~{A1A0}

BOOTROM_A5~{A4}

~{RESET2}
CPU_WR
FFXX

D0

A4

A6

A5
A7

A3

CPU_RD
FFXX

A9

A11

HRAM_~{A1A0}

HRAM_A1A0

HRAM_~{A1}A0
HRAM_A1~{A0}

A12

~{HRAM_WLDRV_PRECHARGE}
HRAM_WLDRV_ENA

~{HRAM_BL_PRECHARGE}

A8

HRAM_~{A3}

HRAM_~{A6}

HRAM_~{A5}

A10

A13

A0
A1

A13A14
A15

A12

BOOTROM_NA1A0

A2

A3

A10
A11

BOOTROM_A5~{A4}

~{TEST_RESET}

A5

A6

CPU_WR

HRAM_WLDRV_ENA

D6

~{HRAM_BL_PRECHARGE}

BOOTROM_A5A4

A2

A7
A4

A3

BOOTROM_~{A3}

HRAM_~{OE}

~{HRAM_WLDRV_PRECHARGE}

BOOTROM_~{A5A4}

HRAM_~{A5}

A1
A0

D3

A3

T1~{T2}

D5

A2

~{T1}

D4

D2

HRAM_~{A4}
A4

A12

RESET

~{T2}

CPU_RD

A6

~{T1}T2

D0
D1

D7

FFXX

BOOTROM_~{A5}A4

A6

A4
A3

HRAM_~{A2}

HRAM_~{A3}

A2

HRAM_~{A4}

A5

A6

A5

BOOTROM_~{A2}

HRAM_~{A6}

A11

BOOTROM_~{A6}

A5

FF80-FFFE

Pin 76

Pin 71

In normal mode, T1 and T2 pins are gounded on PCB, so T1~{T2}and ~{T1}T2are always low.
~{TEST_RESET}only goes low when T1=T2=1 and ~{RESET}=0.
T1 and/or T2 are set to 1 for test modes.

FF50 BOOT EN

Pin 77

HRAM Bank select

TUNA
NAND_71

2
3
4
5
6
7

TONA
INVERTER_A

RYCU
INVERTER_A

ABEV
INVERTER_B

WOPO
NAND_2

1

2

WULY
INVERTER_B

SYKE
NOR_2

1

2

ZAPA
INVERTER_A

ZAPY
AND_2

1

2

WOLY
NAND_3

1
2
3

WUTA
INVERTER_B AZUG

NOR_3
1
2
3

APUH
INVERTER_B

APOW
INVERTER_B

ABUF
NAND_2

1

2

ATEF
NAND_2

1

2

ZYRO
INVERTER_A

ZUBU
AND_2

1

2

ZETE
INVERTER_A

ZOLE
AND_2

1

2

ZAJE
AND_2

1

2

ZEFU
INVERTER_A



1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2023-05-25
KiCad E.D.A. kicad 7.0.2-1.fc37

Rev: 0.6Size: A3
Id: 3/46

Title: DMG-CPU B

File: cpu.kicad_sch
Sheet: /CPU/
CC-BY-SA-4.0 þÿ�R�é�g�i�sGalland & Michael Singer -- Derived work from Furrtek

https://github.com/msinger/dmg-schematics

~{INPUT}~{NMI}
IBUF

ANOC
TRI_INV_IF0GND

ASUZ
TRI_INV_IF0

1

2

APYS
NOR_2

RARU
TRI_INV_IF1

ADYR
INVERTER_B

BENU
TRI_INV_IF0

ATAJ
TRI_INV_IF0

BEDA
TRI_INV_IF0

AJEC
TRI_INV_IF0

SEDU
TRI_BUF_IF0

AXYN
INVERTER_A

1

2

LECO
NOR_2

TOVU
TRI_BUF_IF0

ARAR
TRI_INV_IF0

D0
B1

A
14

B
10

A
13

B
11

A
12

B
12

A
11

B
13

A
10

B
14

A
9

B
15

A
8

B
16

A
7

B
17

A
6

B
18

A
5

B
19

D1
B2

A
4

B
20

A
3

B
21

A
2

B
22

A
1

B
23

A
0

B
24

W
A

K
E

B
25

D2
B3

D3
B4

D4
B5

D5
B6

D6
B7

D7
B8

A
15

B
9

RD
R1

NC
R10

NC
R11

NC
R12

IE_SEL
R13

IRQ0_ACK
R14

IRQ0
R15

IRQ1_ACK
R16

IRQ1
R17

IRQ2_ACK
R18

IRQ2
R19

WR
R2

IRQ3_ACK
R20

IRQ3
R21

IRQ4_ACK
R22

IRQ4
R23

IRQ5_ACK
R24

IRQ5
R25

IRQ6_ACK
R26

IRQ6
R27

IRQ7_ACK
R28

IRQ7
R29

T1~{T2}
R3

FEXX_FFXX
R4

BOOT_00XX
R5

~{T1}T2
R6

MREQ
R7

NC
R8

NC
R9

M
1

T
1

M
A

IN
_C

LK
_P

T
10

C
LK

_E
N

A
T

11

S
Y

N
C

_R
E

S
E

T
T

12

A
S

Y
N

C
_R

E
S

E
T

T
13

O
S

C
_E

N
A

T
14

O
S

C
_S

T
A

B
LE

T
15

N
M

I
T

16

A
D

R
_C

LK
_N

T
2

A
D

R
_C

LK
_P

T
3

P
H

I_
C

LK
_P

T
4

P
H

I_
C

LK
_N

T
5

T
4_

C
LK

_N
T

6

T
4_

C
LK

_P
T

7

LA
T

C
H

_C
LK

T
8

M
A

IN
_C

LK
_N

T
9

CPU
SM83_CPU

AKAJ
TRI_INV_IF0

+5V

SOLE
INVERTER_B

1

2

TUSO
NOR_2

TAHY
TRI_BUF_IF0

TAXO
TRI_BUF_IF0

BOWA
INVERTER_E

TEWA
TRI_BUF_IF0

TAZU
TRI_BUF_IF0

TESU
TRI_BUF_IF0

REKA
TRI_INV_IF1

~{OUTPUT}
M1
OBUF_A

ROWE
TRI_INV_IF1

LEXY
INVERTER_A

SOSA
TRI_BUF_IF0

GND

RYKE
TRI_INV_IF1

RYNE
TRI_INV_IF1

RASE
TRI_INV_IF1

AFOP
INVERTER_B

REJY
TRI_INV_IF1

GND
ROMY

TRI_INV_IF1

CPU_PHI

READ

RESET

OSC_ENA

CPU_T4
BUKE

~{CPU_T4}

WRITE

~{CPU_PHI} CLK_ENA

CPU_IRQ[0..4]
CPU_IRQ_ACK[0..4]

BOOT_SEL
FEXX_FFXX
T1~{T2}

~{T1}T2
MREQ

A[0..15]

CPU_WAKEUP

DATA_VALID

RESET_LATCH

BOGA_1MHz

D[0..7]

OSC_STABLE

BOMA_1MHz

D0

A
13

A
12

A
15

D7

T1~{T2}

A
14

D2
D1

D3

D0

CPU_IRQ_ACK0

D2

D6

A
10

A
1

CPU_IRQ0

A
0

D3

D0

D1

D6

D5

D4

D3

D2

D1

D0

D7

T1~{T2}

D2

D5
D4

D1

D7

A
11

D6

A
4

A
6

A
5

CPU_IRQ1
CPU_IRQ_ACK2

A
8

CPU_IRQ2

D4

CPU_IRQ_ACK1

CPU_IRQ_ACK3

CPU_IRQ4
CPU_IRQ_ACK4

CPU_IRQ3

D7

D5

D6

D3

A
7

D4

D5

A
3

T1~{T2}

A
9

A
2

Data bus is presented with 0xFF when BEDO is low;
start of CPU cycle.

This pad is not bonded to any external pin

This pad is not bonded to any external pin

SOLE
INVERTER_B

TUSO
NOR_2

1

2

AXYN
INVERTER_A

ADYR
INVERTER_B

APYS
NOR_2

1

2

AFOP
INVERTER_B

M1
OBUF_A~{OUTPUT}

LEXY
INVERTER_A



1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2023-05-25
KiCad E.D.A. kicad 7.0.2-1.fc37

Rev: 0.6Size: A3
Id: 4/46

Title: DMG-CPU B

File: ext_addr_buses.kicad_sch
Sheet: /EXT ADDR BUSES/
CC-BY-SA-4.0 þÿ�R�é�g�i�sGalland & Michael Singer -- Derived work from Furrtek

https://github.com/msinger/dmg-schematics

1
2
3

TEVY
OR_3

PEVO
INVERTER_A

SYZU
TRI_BUF_IF0

NEFE
TRI_BUF_IF0

DRV_LOW

~{INPUT}

~{DRV}_HIGH A2
IOBUF_A

BASE
INVERTER_A

BUXU
INVERTER_A

ENA

D

Q

~{Q}

NYRE
D_LATCH_B

SORE
INVERTER_A

AZUV
TRI_BUF_IF0DRV_LOW

~{INPUT}

~{DRV}_HIGH A3
IOBUF_A

DRV_LOW

~{INPUT}

~{DRV}_HIGH A14
IOBUF_A

1

2

TEXO
AND_2

ANAR
TRI_BUF_IF0

MULE
INVERTER_A

MATE
INVERTER_A

1

2

BOLA
NOR_2

LASY
INVERTER_A

1
2

3

LOXO
AO_1

ENA

D

Q

~{Q}

LUMY
D_LATCH_B

0

1

ATEM
MUX

0

1

MALE
MUX

1

2

PAHY
NOR_2

BYXE
TRI_BUF_IF0

ENA

D

Q

~{Q}

ALYR
D_LATCH_B

1
2

3

TYNU
AO_1

1

2

SOBY
NOR_2

1

2

SUZE
NAND_2

1

2

RULO
NOR_2

ENA

D

Q

~{Q}

ARET
D_LATCH_B

~{OUTPUT} ~{CS}
OBUF_A

1

2

PUHE
NAND_2

1

2

LEVA
NOR_2

ENA

D

Q

~{Q}

AVYS
D_LATCH_B

0

1

PEGE
MUX

1

2

SEPY
NAND_2

0

1

AMET
MUX

0

1

TYHO
MUX

0

1

TAZY
MUX

TOVA
INVERTER_A

0

1

ATOL
MUX

1
2
3

TOZA
AND_3

DRV_LOW

~{INPUT}

~{DRV}_HIGH A15
IOBUF_A

RAZA
INVERTER_A

0

1

MUCE
MUX

MUJY
INVERTER_A

LOFA
TRI_BUF_IF0

MAPU
TRI_BUF_IF0

1

2

LUCE
NAND_2

0

1

MOJY
MUX

ENA

D

Q

~{Q}

PATE
D_LATCH_B

NENA
INVERTER_A

1

2

LABE
NAND_2

1

2

MYNY
NAND_2

1

2

MEGO
NOR_2

1

2

LOSO
NOR_2

ENA

D

Q

~{Q}

LOBU
D_LATCH_B

ENA

D

Q

~{Q}

LONU
D_LATCH_B

RALA
TRI_BUF_IF0

LAHE
INVERTER_A

DRV_LOW

~{INPUT}

~{DRV}_HIGH A12
IOBUF_A

DRV_LOW

~{INPUT}

~{DRV}_HIGH A8
IOBUF_A

1

2

LEPY
NAND_2

DRV_LOW

~{INPUT}

~{DRV}_HIGH A11
IOBUF_A

1

2

LYNY
NOR_2

MADY
INVERTER_A

ENA

D

Q

~{Q}

LYSA
D_LATCH_B

DRV_LOW

~{INPUT}

~{DRV}_HIGH A13
IOBUF_A

LURA
INVERTER_A

LEFY
TRI_BUF_IF0

LYNA
TRI_BUF_IF0

LORA
TRI_BUF_IF0

ENA

D

Q

~{Q}

LUNO
D_LATCH_B

1

2

COTU
NOR_2

1

2

CABA
NAND_2

0

1

MANO
MUX

0

1

MASU
MUX

RYCA
INVERTER_A

SURA
INVERTER_A

DRV_LOW

~{INPUT}

~{DRV}_HIGH A9
IOBUF_A

DRV_LOW

~{INPUT}

~{DRV}_HIGH A10
IOBUF_A

1

2

RORE
NOR_2

1

2

ROXU
NAND_2

1

2

MENY
NOR_2

1

2

MUNE
NAND_2

1

2

KUPO
NAND_2

1

2

KOTY
NOR_2

0

1

PAMY
MUX

1

2

DEFY
NAND_2

1

2

AJAV
NOR_2

1

2

BADU
NAND_2

0

1

AMER
MUX

CAMU
INVERTER_A

DRV_LOW

~{INPUT}

~{DRV}_HIGH A0
IOBUF_A

KOVA
INVERTER_A

1

2

BYLA
NAND_2

1

2

BEVO
NOR_2

0

1

ASUR
MUX

1

2

BOKU
NAND_2

ENA

D

Q

~{Q}

ARYM
D_LATCH_B

0

1

APOK
MUX

0

1

ATYR
MUX

DRV_LOW

~{INPUT}

~{DRV}_HIGH A1
IOBUF_A

COGO
INVERTER_A

ENA

D

Q

~{Q}

AROS
D_LATCH_B

0

1

ATOV
MUX

DRV_LOW

~{INPUT}

~{DRV}_HIGH A6
IOBUF_A

1

2

CEPU
NAND_2

1

2

CYKA
NOR_2

BYNA
TRI_BUF_IF0

ENA

D

Q

~{Q}

ATEV
D_LATCH_B

ENA

D

Q

~{Q}

ALOR
D_LATCH_B

ENA

D

Q

~{Q}

APUR
D_LATCH_B

DRV_LOW

~{INPUT}

~{DRV}_HIGH A7
IOBUF_A

1

2

COLO
NOR_2

CYGU
INVERTER_A

KEJO
TRI_BUF_IF0

DRV_LOW

~{INPUT}

~{DRV}_HIGH A5
IOBUF_A

AFEC
INVERTER_A

ABUP
INVERTER_A

DRV_LOW

~{INPUT}

~{DRV}_HIGH A4
IOBUF_A

BYNE
TRI_BUF_IF0

1
2
3

TUMA
AND_3

AJOV
TRI_BUF_IF0

SOGY
INVERTER_A

AKAN
TRI_BUF_IF0

1

2

BAJO
NOR_2

1

2

BOTY
NAND_2

~{EXT_ADDR_EN}T1~{T2}

DMA_A[0..15]

DMA_ADDR_EXT

~{FEXX_FFXX}

BOOT_SEL

CPU_EXT_CS_EN

A[0..15]

NON_VRAM_MREQ

MREQ

~{T1}T2

A3

A12

DMA_ADDR_EXT

A6

A7

A8

A5

A11

A14

A4

A10

DMA_A8

A9

A13

DMA_A9

A5

A4

DMA_A13

A6

A15

A0

A14

A14

DMA_A12

ADDR_LATCH

A7

A12

A13

DMA_A7

DMA_A6

A9

DMA_ADDR_EXT

T1~{T2}

T1~{T2}

~{EXT_ADDR_EN}

DMA_A0

DMA_A1

T1~{T2}

DMA_A15

DMA_A14

ADDR_LATCH

~{EXT_ADDR_EN}

~{EXT_A15_EN}

A0

DMA_A11

A11

A15

A13

A15

AXXX-FXXX

A1

DMA_A2

A2

A14
A15

A2

A15

A13

A8

DMA_A3

A14

DMA_A5

A10

DMA_A4

A3

A1

DMA_A10

Pin 14

Pin 11

Pin 16

Pin 80

Pin 2

TEXO = '1' during mem req access when A < 0x8000 or A >= 0xA000 else '0'.
It excludes the VRAM address range.
A0-14 are latched and presented to external pins when driven by CPU

Pin 13

Pin 1

Pin 7

Pin 10

Pin 15
Pin 6

Pin 9

Pin 4

Pin 3
Pin 12

Pin 8

Pin 5

TYNU = '1' when A >= 0xA000 else '0'.
TOZA = '1' when A >= 0xA000 and < 0xFE00; RAM space
~{RAM_CS}can only go low in RAM space when driven by CPU

LOXO
AO_1

1
2

3

LASY
INVERTER_A

MATE
INVERTER_A
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LULA
INVERTER_A

1

2

UVER
NAND_2

1

2

USUF
NOR_2

BUBO
TRI_INV_IF0

ENA

D

Q

~{Q}

SELO
D_LATCH_B

SYZO
INVERTER_A

BETU
TRI_INV_IF0

TAJU

TRI_INV_IF0

DRV_LOW

~{INPUT}

~{DRV}_HIGH ~{RD}
IOBUF_A

0

1

UBAL
MUXI

ENA

D

Q

~{Q}

SODY
D_LATCH_B

TAPU
INVERTER_C

BASA
TRI_INV_IF0

SAFO
TRI_INV_IF0

ENA

D

Q

~{Q}

RONY
D_LATCH_B

REDU
INVERTER_A

TOVO
INVERTER_A

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH D2

IOBUF_B

0

1

RORU
MUX

ROME
INVERTER_A

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH D1

IOBUF_B

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH D0

IOBUF_B

TEPE
TRI_INV_IF0

RUZY
INVERTER_A

1

2

RESY
NOR_2

1

2

RYVO
NAND_2

1

2

RAFY
NAND_2

CYME
TRI_INV_IF0

1

2

PUVA
OR_2

BYNY
TRI_INV_IF0

RYMA
TRI_INV_IF0

RALO
INVERTER_A

TENU
INVERTER_A

TAVO
TRI_INV_IF0

BASY
TRI_INV_IF0

RYKO
TRI_INV_IF0

BAPE
TRI_INV_IF0

RUVO
TRI_INV_IF0

TUNE
INVERTER_A

BYPY
TRI_INV_IF0

LYWE
INVERTER_A

SYSA
INVERTER_A

SERA
INVERTER_A

1

2

MOCA
NOR_2

ENA

D

Q

~{Q}

SOMA
D_LATCH_B

MEXO
INVERTER_A

1

2

NEVY
OR_2

LEVO
INVERTER_A

1
2

3

LAGU
AO_1

CAKO
TRI_INV_IF0

0

1

UJYV
MUXI

TEDO
INVERTER_C

CEDE
INVERTER_B

DRV_LOW

~{INPUT}

~{DRV}_HIGH ~{WR}
IOBUF_A

TUTY

TRI_BUF_IF0

ROPA

TRI_BUF_IF0DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH D6

IOBUF_B

BAXU
TRI_INV_IF0

1

2

RAVU
NAND_2

1

2

SULY
NOR_2

1

2

RERA
NAND_2

1

2

ROGY
NOR_2

BOMO
TRI_INV_IF0

ENA

D

Q

~{Q}

RUPA
D_LATCH_B

ENA

D

Q

~{Q}

SAGO
D_LATCH_B

SYWA

TRI_BUF_IF0

TEMY

TRI_BUF_IF0

SAJO

TRI_BUF_IF0

1

2

RYDA
NOR_2

WEJO
TRI_INV_IF0

SUGU

TRI_BUF_IF0

BUPY
TRI_INV_IF0

BUHU
TRI_INV_IF0

WASA
TRI_INV_IF0

TUTE

TRI_BUF_IF0

1

2

SEZE
NOR_2

SUGY
INVERTER_A

TAWO

TRI_BUF_IF0

1

2

RORY
NAND_2

1

2

RUXA
NAND_2

1

2

RUNE
NOR_2

1

2

RUJA
NAND_2

ENA

D

Q

~{Q}

SAZY
D_LATCH_B

1

2

TAMU
NOR_2

RATU
INVERTER_A

SEVU
TRI_INV_IF0

TUBE
INVERTER_A

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH D3

IOBUF_B

SAZA
INVERTER_A

SOCA
INVERTER_A

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH D5

IOBUF_B

ENA

D

Q

~{Q}

RAXY
D_LATCH_B

TEHE
INVERTER_A

1

2

URUN
NOR_2

1

2

UGAC
NAND_2

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH D4

IOBUF_B

BUMA
TRI_INV_IF0

1
2
3

LAVO
NAND_3

1

2

TYMU
NOR_2

RYBA
INVERTER_A

1

2

RYPU
NOR_2

1

2

LYRA
NAND_2

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH D7

IOBUF_B

1

2

RABY
NAND_2

1

2

MOTY
OR_2

WRITE

NON_VRAM_MREQ

CPU_T4

CPU_WR

READ

~{T1}T2

CPU_RD

~{OAM_A_D[0..7]}

CPU_WR_SYNC

D[0..7]

T1~{T2}

~{EXT_ADDR_EN}

~{OAM_B_D[0..7]}

DMA_ADDR_EXT

MOTY

~{OAM_B_D1}

CPU_RD

T1~{T2}

~{OAM_A_D1}

D6

CPU_WR_SYNC

NON_VRAM_MREQ

T1~{T2}

D7

D3

D3

D4

~{OAM_B_D0}

READ

D4

T1~{T2}

T1~{T2}

D5
CPU_RD

~{OAM_B_D5}

D7

DMA_ADDR_EXT

T1~{T2}

D2

~{OAM_A_D2}

~{OAM_B_D4}

CPU_WR_SYNC

D1

D6

~{OAM_A_D4}

~{OAM_B_D2}

D0

~{OAM_A_D0}

READ

~{OAM_B_D3}

DMA_ADDR_EXT

~{OAM_B_D7}

~{OAM_A_D6}

~{OAM_A_D5}

D2

D1

D7

D5

READ

D0

D3

~{OAM_A_D3}

~{OAM_B_D6}

D4

D2

MOTY

NON_VRAM_MREQ

D1

D6

D0

~{OAM_A_D7}

D5

T1~{T2}test mode makes RD and WR inputs to bypass the CPU

Pin 79

Pin 78

Pin 17

Pin 22

Pin 23

Pin 18

Pin 21

Pin 19

Pin 24

Pin 20

UJYV
MUXI

TEDO
INVERTER_C

UBAL
MUXI

TAPU
INVERTER_C
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1
2
3

BATE

NOR_3
D

ENA

~{RESET}

Q

~{Q}

ALEF

DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

AFUR

DR_LATCH

1

2

AFAS

NOR_2

AFEP

INVERTER_A

1
2

3

AGUT

OA

APOV

INVERTER_C
1

2

AREV

NAND_2

ZAXY

INVERTER_B

ZEME

INVERTER_D

BASU

INVERTER_A

BUKE

INVERTER_E

ATYP

INVERTER_A

ATAG

INVERTER_A

AMUK

INVERTER_E

1

2

AWOD

NOR_2

ABUZ

INVERTER_C

UCOB
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

ADYK

DR_LATCH

ADAR

INVERTER_A

ADEH
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

TOFE
DFFR_B2

SAPY

INVERTER_A

UTOK
INVERTER_A

1

2

AVOR

OR_2

BEDO

INVERTER_E

1
2
3

TABA
OR_3

CLK

~{RESET}
D ~{Q}

Q

SUBU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

SOLA
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

UKET
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

UPOF
DFFR_B2

TATU
TRI_INV_IF1

1
2
3
4

TAGY
AND_4

UDOR
INVERTER_A

1
2
3

UFOL
NOR_3

~{RESET}
D

CLK

~{Q}

Q

AFER

DFFR_B

0

1

ULUR
MUX

ALUR

INVERTER_B

ARYS

INVERTER_A

AROV

INVERTER_A

1

2

ANOS

NAND_2

D

ENA

~{RESET}

Q

~{Q}

APUK

DR_LATCH

1

2

AVET

NAND_2

CLK

ENA

CK1_CK2
OSC

BUGO

INVERTER_A

AZOF

INVERTER_E

AJAX

INVERTER_A

ATAL

INVERTER_B

ABOL

INVERTER_A

BEKO

INVERTER_D

BUDE

INVERTER_D

BEVA

INVERTER_E

BYDA

INVERTER_E

BUFA

INVERTER_D

1
2
3
4

BEJA

NAND_4

BOLO

INVERTER_D

BERU

INVERTER_B
1
2
3

BAPY

NOR_3

1

2

BELU

NOR_2

BYRY

INVERTER_B

BAVY

INVERTER_E

1

2

BYJU

OR_2

BELE

INVERTER_A

1
2
3

BUTO

NAND_3

ATEZ

INVERTER_A

SET

~{Q}

Q

RESET

TUBO
NOR_LATCH

1

2

UPYF
OR_2

BAZE

INVERTER_A

BELO

INVERTER_A

DOVA

INVERTER_D

UVYT

INVERTER_B

BANE

INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

TAMA
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

UGOT
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

TUGO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

TULU
DFFR_B2

UMEK
INVERTER_A

TAKU
TRI_INV_IF1

TAWU
TRI_INV_IF1

TUSE
TRI_INV_IF1

TEMU
TRI_INV_IF1

UPUG
TRI_INV_IF1

CLK

~{RESET}
D ~{Q}

Q

TERO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

UNYK
DFFR_B2

UREK
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

UFOR
DFFR_B2

UBOT
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

UNER
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

UKUP
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

TERU
DFFR_B2

UMER
INVERTER_A

UVYN
INVERTER_A

UVYR
INVERTER_A

~{OUTPUT}
PHI
OBUF_A

1
2
3
4

TAPE
AND_4

BYLY

INVERTER_E

BYXO

INVERTER_A

ALYP
INVERTER_A

1

2

AFAR
NOR_2

BUTY

INVERTER_A

SET

~{Q}

Q

RESET

ASOL

NOR_LATCH

SEPU
TRI_INV_IF1

1

2

UNUT
AND_2

BALY

INVERTER_A

RAVE

INVERTER_A

RYSO
INVERTER_A

SAWA
TRI_INV_IF1

CLK

~{RESET}
D ~{Q}

Q

TEKA
DFFR_B2

BOGA

INVERTER_E

1

2

BUVU
AND_2

BOMA
INVERTER_E

CPU_WR_SYNC

16384Hz

T1~{T2}

RESET

MREQ

~{CPU_T4}

WRITE

FF04_FF07
CPU_WR

CPU_T4

~{RESET2}

~{A0}
~{A1}

BOMA_1MHz
RESET_LATCH

OSC_ENA

BOGA_1MHz

~{TEST_RESET}

D[0..7]

DATA_VALID

CPU_RD

CLK_ENA

~{CPU_PHI}

CPU_PHI

4096Hz

APU_PHI

DMA_PHI

512Hz

CPU_EXT_CS_EN

APU_4MHz

8192Hz

PPU_4MHz

65536Hz

262144Hz

~{T1}T2

T1~{T2}

OSC_STABLE

FF60_D1

BUKE

RESET

RESET

D0

16Hz

D1

D4

D2

FF04_FF07

D3

~{RESET_DIV}

D5

~{A1}

OSC_ENA

~
{T

E
S

T
_R

E
S

E
T

}

ATAL_4MHz

D6

BOGA_1MHz

512Hz

FF04_FF07

~{A0}

~{CLK_ENA}

~{A1}

BOGA_1MHz

T1~{T2}

~{TEST_RESET}

OSC_ENA

D7

~{A0}

BOGA_1MHz

RESET

~{CLK_ENA}

~{CLK_ENA}

Write to FF04 resets counter

Pin 75

Pin 74 (CK1) is input
Pin 73 (CK2) is output

FF04 DIV

Read to FF04 return counter value
ASOL

NOR_LATCH

SET

~{Q}

Q

RESET

AFAR
NOR_2

1

2

ALYP
INVERTER_AUNUT

AND_2
1

2

TABA
OR_3

1
2
3

BASU

INVERTER_A

BUKE

INVERTER_E

BATE

NOR_3
1
2
3
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1
2
3
4

ACAT
AND_4

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH P11

IOBUF_B

GND

1

2

KABU
NOR_2

1

2

KOLE
NAND_2

1

2

KYBU
NOR_2

CLK

~{RESET}
D ~{Q}

Q

BATU
DFFR_B2

1
2
3
4

KERY
OR_4

1

2

KYTO
NAND_2

1

2

KASY
NOR_2

ENA

D

Q

~{Q}

AWOB
D_LATCH_B

CLK

~{RESET}
D ~{Q}

Q

KECY
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

JALE
DFFR_B2

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH P10

IOBUF_B

1

2

APET
OR_2

1

2

KARU
OR_2

1
2
3
4

ATOZ
NAND_4 CLK

~{RESET}
D ~{Q}

Q

COFY
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

KELY
DFFR_B2

KURA
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

KUKO
DFFR_B2

0

1

KENA
MUXI

1

2

CELA
OR_2

JEVA
INVERTER_A

1

2

KYWE
NOR_2

CLK

~{RESET}
D ~{Q}

Q

KYME
DFFR_B2

KOCE
TRI_INV_IF0

DRV_LOW

~{DRV}_HIGH

P14
OBUF_B

1

2

KALE
NOR_2

1

2

KYHU
NAND_2

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH P13

IOBUF_B

GND

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH P12

IOBUF_B

GND

ENA

D

Q

~{Q}

KOLO
D_LATCH_B

ENA

D

Q

~{Q}

KEJA
D_LATCH_B

JEKU
TRI_INV_IF0

KUVE
TRI_INV_IF0

CLK

~{RESET}
D ~{Q}

Q

JUTE
DFFR_B2

1
2
3
4
5

APER
NAND_5

1

2

KORY
NAND_2

1

2

ASOK
AND_2

1
2
3
4

5
6

AMUS
NOR_6

1

2

ANAP
AND_2

GND

AKUG
INVERTER_A

BYKO
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

AMUT
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

BURO
DFFR_B2

BYZO
INVERTER_A

ENA

D

Q

~{Q}

KEVU
D_LATCH_B

CLK

~{RESET}
D ~{Q}

Q

ACEF
DFFR_B2

1

2

KORE
NAND_2

CLK

~{RESET}
D ~{Q}

Q

AGEM
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

APUG
DFFR_B2

CUDY
TRI_INV_IF0

~{OUTPUT}
SOUT
OBUF_A

KEMA
TRI_INV_IF0

CLK

~{RESET}
D ~{Q}

Q

KERU
DFFR_B2

KURO
TRI_INV_IF0

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH SIN

IOBUF_B

DRV_LOW

~{DRV}_HIGH

P15
OBUF_B

ENA

D

Q

~{Q}

KAPA
D_LATCH_B

~{RESET2}

CPU_RD
A[0..15]

T1~{T2}

BOGA_1MHz

~{RESET2}

~{RESET2}
FFXX

CPU_WAKEUP

~{SIN}

FF60_D1

~{T1}T2

CPU_WR

SER_OUT

D[0..7]

INT_JP

D4

A3

~{P10_IN}

FF60_D0

~{P11_IN}
D1

A1

A4

D7

A7

A0

A2

D6

FF00RD

A6

A5

~{P13_IN}

~{P11_IN}
~{P12_IN}

~{P10_IN}

D2

D1

~{P12_IN}

D5

D3

FF00_FF20_FF40_FF60
CPU_WR

CPU_WR

D0

D5

FF00RD

A5
A6

~{P13_IN}

D3

~{FF00WR}

FF60WR

D1
~{RESET2}

D4

D2

D0

~{FF00WR}
~{RESET2}

D0

Pin 67

Pin 64

Pin 62

FF00 JP

Pin 70

Pin 65

FF60 - Only writable when in test mode T1 xor T2

Pin 66

Pin 63

Pin 69

FF60

KENA
MUXIKYWE

NOR_2
1

2



1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2023-05-25
KiCad E.D.A. kicad 7.0.2-1.fc37

Rev: 0.6Size: A3
Id: 8/46

Title: DMG-CPU B

File: ff01-02_serial.kicad_sch
Sheet: /FF01-02 SERIAL LINK/
CC-BY-SA-4.0 þÿ�R�é�g�i�sGalland & Michael Singer -- Derived work from Furrtek

https://github.com/msinger/dmg-schematics

1

2

EFEF
NAND_2

DAKU
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

COTY
DFFR_B2

1
2

3

DYBO
OA

ETAK
TRI_INV_IF1

1
2

3

DAJU
OA

CLK

~{RESET}
D ~{Q}

Q

CYDE
DFFR_B2

~{SET}

D ~{Q}

Q

~{RESET}

CLK

DOJO
DFFSR

DETU
TRI_INV_IF1

DASO
TRI_INV_IF1

CORE
TRI_INV_IF1

1

2

CARO
AND_2

CLK

~{RESET}
D ~{Q}

Q

CULY
DFFR_B2

~{SET}

D ~{Q}

Q

~{RESET}

CLK

EDER
DFFSR

CLK

~{RESET}
D ~{Q}

Q

CALY
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

ELYS
DFFR_B2

~{SET}

D ~{Q}

Q

~{RESET}

CLK

EROD
DFFSR

1

2

ELOK
NAND_2

1

2

DYGE
NAND_2

CLK

~{RESET}
D ~{Q}

Q

ETAF
DFFR_B2

1

2

EDEL
NAND_2

ELUV
TRI_INV_IF1

1
2
3
4

URYS
NAND_4

1
2

3

EHUJ
OA

1
2

3

COHY
OA

1

2

DELA
NAND_2

COBA
INVERTER_A

EDYL
INVERTER_A

SEFY
INVERTER_A

1
2
3
4

UWAM
NAND_4

1
2
3
4

UCOM
AND_4

DAME
TRI_INV_IF1

CLK

~{RESET}
D ~{Q}

Q

CAFA
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

CYLO
DFFR_B2

1

2

KUJO
NOR_2

1

2

KEXU
NAND_2

1
2
3
4
5

SARE
NOR_5

DRV_LOW

~{INPUT}
~{ENA}_PU
~{DRV}_HIGH SCK

IOBUF_C

~{SET}

D ~{Q}

Q

~{RESET}

CLK

EJAB
DFFSR

~{SET}

D ~{Q}

Q

~{RESET}

CLK

DYRA
DFFSR

1

2

CABY
AND_2

EVOK
TRI_INV_IF1

JAGO
INVERTER_A

~{SET}

D ~{Q}

Q

~{RESET}

CLK

DOVU
DFFSR

~{SET}

D ~{Q}

Q

~{RESET}

CLK

DEGU
DFFSR

0

1

CAVE
MUXI

EFAB
TRI_INV_IF1

CUGY
TRI_INV_IF1

DUDE
TRI_INV_IF1

1

2

DAWA
OR_2

EPYT
INVERTER_B

DEHO
INVERTER_A

1
2

3

DUMO
OA

1
2
3

SANO
AND_3

DAWE
INVERTER_B

CAGE
INVERTER_A

1
2
3
4

UFEG
AND_4

~{SET}

D ~{Q}

Q

~{RESET}

CLK

CUBA
DFFSR

1
2

3

DYLY
OA

1

2

DOCU
NAND_2

1

2

CUFU
NAND_2

1

2

DOLA
NAND_2

1
2

3

EGUV
OA

1
2

3

EFAK
OA

XX00_XX07

CPU_WR

SER_OUT

~{A0}

~{RESET2}

~{SIN}

16384Hz

FFXX

INT_SERIAL

CPU_RDA[0..15]

D[0..7]

~{A1}

D5

D1

CPU_RD

~{RESET2}

~{RESET2}
~{SERIAL_TICK}

D0

A2

D7 ~{SCK_EN}

D4

D5

A1

D2

SCK_DIR

A4

A0

D6

~{A1}

D2

A5

A3

D1

D7

D6

D3

A1

FF00_FF03

D7

CPU_RD

~{A1}

D0

A0

~{SERIAL_TICK}

CPU_WR
FF00_FF03

FF00_FF03

D4

~{RESET2}

D0
~{RESET2}

~{SERIAL_TICK}

D7

A6

CPU_WR

D0

A7

D3

Pin 68

FF01 SB

FF02 SC



1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2023-05-25
KiCad E.D.A. kicad 7.0.2-1.fc37

Rev: 0.6Size: A3
Id: 9/46

Title: DMG-CPU B

File: ff05-07_timer.kicad_sch
Sheet: /FF05-07 TIMER/
CC-BY-SA-4.0 þÿ�R�é�g�i�sGalland & Michael Singer -- Derived work from Furrtek

https://github.com/msinger/dmg-schematics

1
2
3
4

TEDA
AND_4

RYLA
TRI_INV_IF1

1

2

RUGY
NOR_2

1

2

REPA
NOR_2

1

2

SOGU
NOR_2

SOKU
TRI_INV_IF1

RAVY
TRI_INV_IF1

ROTE
TRI_INV_IF1

SUPE
TRI_INV_IF1

SOSY
TRI_INV_IF1

1

2

MUZU
OR_2

1

2

ROLU
NOR_2

0

1

SALA
MUXI

0

1

UKAP
MUXI

CLK

~{RESET}
D ~{Q}

Q

SOPU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

NYKE
DFFR_B2

0

1

SYRU
MUXI

1

2

MERY
NOR_2

CLK

~{RESET}
D ~{Q}

Q

MOBA
DFFR_B2

SUPO
TRI_INV_IF1

0

1

SOCE
MUXI

SALU
TRI_INV_IF1

1
2
3
4

TOPE
NAND_4

1

2

PYMA
NOR_2

Q
LOAD
D ~{Q}

TCLK

PEDA
TFFD

Q
LOAD
D ~{Q}

TCLK

NUGA
TFFD

1

2

PAGU
NOR_2

REVA
TRI_INV_IF1

SOTU
TRI_INV_IF1

CLK

~{RESET}
D ~{Q}

Q

TYVA
DFFR_B2

1

2

PUXY
NOR_2

1

2

NERO
NOR_2

ROWU
TRI_INV_IF1

1

2

NADA
NOR_2

PUSO
TRI_INV_IF1

1
2
3
4

SARA
NAND_4

0

1

TEKO
MUXI

SOMU
TRI_INV_IF1

0

1

ROKE
MUXI

0

1

NYKU
MUXI

SURO
TRI_INV_IF1

0

1

PETU
MUXI

CLK

~{RESET}
D ~{Q}

Q

MURU
DFFR_B2

0

1

TECY
MUXI

RACY
TRI_INV_IF1

CLK

~{RESET}
D ~{Q}

Q

TYRU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

SUFY
DFFR_B2

PYRE
TRI_INV_IF1

NOLA
TRI_INV_IF1

SETE
TRI_INV_IF1

CLK

~{RESET}
D ~{Q}

Q

SABU
DFFR_B2

Q
LOAD
D ~{Q}

TCLK

REGA
TFFD

Q
LOAD
D ~{Q}

TCLK

POVY
TFFD

Q
LOAD
D ~{Q}

TCLK

PERU
TFFD

Q
LOAD
D ~{Q}

TCLK

RATE
TFFD

1
2
3
4

SORA
AND_4

CLK

~{RESET}
D ~{Q}

Q

SABO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

SAMY
DFFR_B2

1
2
3
4

TUBY
AND_4

Q
LOAD
D ~{Q}

TCLK

RAGE
TFFD

MUGY
INVERTER_A

TOVY
INVERTER_A

MULO
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

NYDU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

PETO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

SETA
DFFR_B2

0

1

RATO
MUXI

SAPU
TRI_INV_IF1

1
2
3

MEXU
NAND_3

1
2
3

RYFO
AND_3

1
2
3
4

TYJU
NAND_4

Q
LOAD
D ~{Q}

TCLK

RUBY
TFFD

TOLA
INVERTER_A

MEKE
INVERTER_A

0

1

REFU
MUXI

~{A1}

FF04_FF07

CPU_WR

D[0..7]

~{A0}

CPU_RD

BOGA_1MHz

INT_TIMER

~{RESET2}

65536Hz

16384Hz

262144Hz

4096Hz

A[0..15]

CPU_T4

XX00_XX07
FFXX

~{A0}

FF04_FF07

D1

D0

D2

D7

D3

FF04_FF07

D4

FF04_FF07

A2

D5

D1

CPU_RD

D6

A1

~{RESET2}
D1

D0

A0

CPU_WR

D5

D0

D2

D3

~{A1}

D4

A1

D2

D3

D4

D1

CPU_WR

A1

D5

D6

FF04_FF07

~{RESET2}

D0

D1

D0

FF04_FF07

~{A1}

D7

CPU_WR
A1

~{FF05_WR}

A0
~{A1}

FF04_FF07
CPU_RDA0

~{RESET2}

~{A0}

D2

D6

A0

D7

FF04_FF07

A0

CPU_RD

~{RESET2}

~{FF05_WR}

~{RESET2}

A1

D2

FF06 TMA

FF05 TIMA

FF07 TAC

NYDU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q MERY
NOR_2

1

2
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ENA

D

Q

~{Q}

NEJY
D_LATCH_B

1
2
3
4

REFA
NAND_4

PADO
TRI_INV_IF1

1
2
3
4

ROLO
NAND_4

PEGY
TRI_INV_IF1

1
2
3
4

SAPA
AND_4

1
2
3
4

SEMY
NOR_4

~{SET}

D ~{Q}

Q

~{RESET}

CLK

ULAK
DFFSR

~{SET}

D ~{Q}

Q

~{RESET}

CLK

UBUL
DFFSR

1

2

SULO
OR_2

LAMO
INVERTER_A

1

2

SEME
OR_2

LESA
INVERTER_A

1
2
3

MYZU
NAND_3

ENA

D

Q

~{Q}

PAVY
D_LATCH_B

1

2

NABE
OR_2

ROTU
INVERTER_A

LETY
INVERTER_A

1

2

MUXE
OR_2

LEJA
INVERTER_A

1

2

RAKE
OR_2

LUFE
INVERTER_A

ROVA
TRI_INV_IF1

NELA
TRI_INV_IF1

ENA

D

Q

~{Q}

MOPO
D_LATCH_B

NABO
TRI_INV_IF1

~{SET}

D ~{Q}

Q

~{RESET}

CLK

LALU
DFFSR

ENA

D

Q

~{Q}

MATY
D_LATCH_B

1
2
3

TYME
AND_3

POLA
INVERTER_A

1
2
3

PYHU
NAND_3

+5V

1
2
3

MOVU
AND_3

1
2
3

TOGA
NAND_3

~{SET}

D ~{Q}

Q

~{RESET}

CLK

NYBO
DFFSR

1
2
3

TOME
NAND_3

1
2
3

PYGA
AND_3

~{SET}

D ~{Q}

Q

~{RESET}

CLK

LOPE
DFFSR

1
2
3

MODY
NAND_3

1
2
3

LYTA
AND_3

1
2
3

TUNY
AND_3

ENA

D

Q

~{Q}

NUTY
D_LATCH_B

~{RESET2}

INT_SERIAL

INT_VBL_BUF

INT_JP

CPU_IRQ_ACK[0..4]

CPU_IRQ[0..4]

D[0..7]

FFXX
CPU_WR

A[0..15]

INT_TIMER

INT_STAT

CPU_RD

~{FF0F_WR}

D2

CPU_IRQ_ACK1

CPU_IRQ0

D0

CPU_IRQ_ACK0

CPU_IRQ_ACK2

CPU_IRQ1

CPU_IRQ2

D0

A3

D3

~{FF0F_WR}

~{FF0F_RD}

~{FF0F_WR}

D1

D1

A1
A0

A2

D4

A6
A5

A7

A4

CPU_IRQ_ACK3

D3

CPU_IRQ_ACK4
D4

D2

D1

~{FF0F_RD}

CPU_IRQ4

D0

D3CPU_IRQ3

D4

D2

FF0F IF
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CH3_FTICKFF1E

APU_WR

CH3_RESTART

NRx4_D6_WR

CH3_2MHz
APU_PHI

FF1A_RD

FF1C

FF1C_D[5..6]
~{FF1C_D[5..6]}

CH3_FRST

FF26_D4_B

~{APU_RD}

FF1D

APU_RESET

D[0..7]

AJER_2MHz
BUFY_256Hz

~{CH3_AMP_EN}
~{CH3_ACTIVE}

CH3_ACTIVE

FF1B
FF1A

CH3 REGS
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~{APU_RESET}

~{APU_RESET2}
~{APU_RESET4}

APU_RESET

~{APU_RESET6}

~{APU_RESET5}

~{CH2_ACTIVE}
~{CH1_ACTIVE}

FF26

~{CH3_ACTIVE}
~{CH4_ACTIVE}

FF26_D4_B

CATE_128Hz

~{RESET2}

512Hz

HORU_512Hz

HAMA_512KHz
JESO_512K

BUFY_256Hz
BYFE_128Hz

AJER_2MHz

D[0..7]

~{APU_RD}
APU_WR

CH1_1MHz
CH2_1MHz

FF1A_RD

CH3_2MHz

~{FF24_FF25_FF26_RESET}

CH4_1MHz

APU_4MHz

T1~{T2}

FF26 APU CLOCKS & RESETS
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CH4_ACTIVE

BYFE_128Hz
HORU_512Hz

~{FF21_D[0..3]}
FF21_D[0..7]
~{FF22_D[0..6]}
FF22_D[3..7]

NOISE_COUNTER_CLK
CH4_EG_TEST

NOISE_COUNTER_BYPASS

CH4_1MHz
CH4_FDIS

JESO_512K

~{APU_RESET4}
CH4_RESTART

APU_RESET

CHANNEL 4
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~{APU_RD}

FF17

APU_WR

~{FF17_D[0..3]}

APU_RESET

FF17_D[0..7]
D[0..7]
FF16

FF16_D[6..7]
~{FF16_D[6..7]}

~{APU_RESET2}

FF18

FF26_D4_B
CH2_FTICK

FF19

NRx4_D6_WR

CH2_START

FF19_D6

APU_PHI

~{FF19_D6}

CH2_RESTART
CH2_FRST

CH2_1MHz

CH2_FDIS

CH2 REGS
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APU_RESET

D[0..7]

~{APU_RD}

FF3X

APU_WR
CH3_FTICK

BUKE

CH3_ACTIVE

CH3_RESTART

~{FF1C_D[5..6]}
FF1C_D[5..6]

CH3_FRST

CH3_2MHz

FF26_D4_B

FF1C

APU_4MHz
A[0..15]

CH3 WAVE RAM
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FF21

HAMA_512KHz

FF21_D[0..7]

D[0..7]

CH4_RESTART

~{APU_RESET5}

FF22_D[3..7]

~{FF21_D[0..3]}

BUFY_256Hz

FF20

CH4_ACTIVE

~{CH4_AMP_EN}

CH4_FDIS
APU_PHI

~{CH4_ACTIVE}

FF22

NRx4_D6_WR

~{APU_RESET4}

~{APU_RD}

APU_RESET

APU_WR

FF23

FF26_D4_B

NOISE_COUNTER_CLK
CH4_EG_TEST

NOISE_COUNTER_BYPASS

~{FF22_D[0..6]}

CH4 REGS
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CH2_RESTART

CH2_START

FF17_D[0..7]

~{CH2_AMP_EN}

FF19_D6

HORU_512Hz

~{FF17_D[0..3]}

BUFY_256Hz

APU_RESET

APU_WR

FF16

BYFE_128Hz
FF16_D[6..7]
~{FF16_D[6..7]}

~{CH2_ACTIVE}

FF26_D4_B

CH2_FRST

CH2_1MHz

CH2_FTICKD[0..7]

~{APU_RESET2} ~{FF19_D6}

CH2_FDIS

CHANNEL 2
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FF25
FF24

~{APU_RD}

D[0..7]
APU_WR

~{FF24_FF25_FF26_RESET}

FF24 FF25 CH EN & VOL
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FF12_D[0..7]

APU_WR

APU_RESET

FF11

~{CH1_AMP_EN}

~{FF14_D6}

BUFY_256Hz

FF14_D6

CH1_SHIFT_CLK

CH1_START

CH1_FREQ_UPD1
CH1_FREQ_UPD2

CH1_FRST

~{FF11_D[6..7]}
FF11_D[6..7]

FF26_D4_B

~{CH1_ACTIVE}

~{CH1_LD_SHIFT}

~{FF10_D[0..6]}
AJER_2MHz

CH1_FTICK

CH1_1MHz

~{CH1_SUM_OVFL}

CH1_LD_SUM

CATE_128Hz
BYFE_128Hz

HORU_512Hz

CH1_RESTART

~{FF12_D[0..3]}

D[0..7]

~{APU_RESET6} CH1_FDIS

CHANNEL 1

File: channel1.kicad_sch

FF14

~{FF14_D6}
FF14_D6FF12

APU_WR
~{APU_RD}

CH1_RESTART

FF26_D4_B

FF13

FF10

APU_RESET

D[0..7]
FF12_D[0..7]
~{FF12_D[0..3]}

~{FF10_D[0..6]}

FF11

FF11_D[6..7]
~{FF11_D[6..7]}

~{APU_RESET6}
~{APU_RESET}

APU_PHI

CH1_START

NRx4_D6_WR

CH1_FTICK

CH1_FREQ_UPD1
CH1_FREQ_UPD2

SUM[0..10]
ACC_D[0..10]

CH1_1MHz

CH1_FRST

CH1_FDIS

CH1 REGS

File: ch1_regs.kicad_sch

SUM[0..10]

~{CH1_LD_SHIFT}

APU_RESET
ACC_D[0..10]

CH1_SHIFT_CLK

~{CH1_SUM_OVFL}

CH1_LD_SUM

~{FF10_D[0..6]}
CH1_RESTART

CH1 SWEEP

File: ch1_sweep.kicad_sch

APU_4MHz

BUKE

APU_PHI

D[0..7]

T1~{T2}

512Hz

~{RESET2}

FFXX
CPU_WR

CPU_T4

A[0..15]

CPU_RD
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1
2
3
4

DURA
NAND_4

AVUN
INVERTER_A

1
2
3
4

DONA
NAND_4

BOGY
INVERTER_E

1

2

BARO
NOR_2

1
2
3
4

ACOM
NAND_4

1

2

ANUJ
AND_2BAFU

INVERTER_A

AGUZ
INVERTER_E

1
2
3
4

DATU
NAND_4

1

2

BEZY
OR_2

CONA
INVERTER_A

TYGU
INVERTER_A

1
2
3
4

EKAG
AND_4

ASAD
INVERTER_A

1

2

DOXY
AND_2

1

2

CORA
NOR_2

1

2

CAFY
NOR_2

1
2
3
4

EGEN
NAND_4

1
2
3
4

ETUF
NAND_4

1
2
3
4

DAMY
NAND_4

1
2
3
4

GANY
NAND_4

1
2
3
4

EMOS
NAND_4

1

2

DECO
NOR_2

1

2

EDAF
NOR_2

1

2

DYVA
NOR_2

BANU
INVERTER_B

1
2
3
4

DAZA
NAND_4

DENO
INVERTER_B

DUPA
INVERTER_B

DOSO
INVERTER_B

DUCE
INVERTER_B

ACOL
INVERTER_B

ABUB
INVERTER_B

DYTE
INVERTER_B

AFOB
INVERTER_B

1

2

COVY
NOR_2

1

2

DUTU
NOR_2

1

2

DUJA
NOR_2

1

2

DARA
NOR_2

1

2

DOZA
NOR_2

1

2

DANU
NOR_2

1
2
3
4

DUVU
NAND_4

1

2

EMOR
NOR_2

1
2
3
4

ESOT
NAND_4

1
2
3
4

EXAT
NAND_4

1
2
3
4

DAFY
NAND_4

1
2
3
4

DEJY
NAND_4

1

2

DUGO
NOR_2

1

2

FENY
NOR_2

1

2

DUSA
NOR_2

1
2
3
4

EMAX
NAND_4

1

2

GEFO
NOR_2

1
2
3
4

TACE
AND_4

1
2
3
4

DUPO
NAND_4

1

2

BUNO
NOR_2

1

2

CUGE
NOR_2

1
2
3
4

DUFE
NAND_4

ATUP
INVERTER_A

BOXY
INVERTER_A

1
2
3
4

ATEG
OR_4

1
2
3
4

AWET
OR_4

1
2
3
4

DEWA
NAND_4

1
2
3
4

DOFA
AND_4

1

2

COVO
NOR_2

1

2

EKEZ
AND_2

1
2
3
4

DUNO
NAND_4

BAKO
INVERTER_A

1

2

CAXE
NOR_2

FF1E

NRx4_D6_WR

FF11

~{CH2_AMP_EN}

FF10

FF24

FF26

FF25

CPU_WR

CPU_RD

~{AMP_EN}

FF1D

~{CH3_AMP_EN}

FF19

FF1B

AMP_EN

FF1A

~{CH1_AMP_EN}

FF1C

~{CH4_AMP_EN}

~{APU_RD}

FF17

A[0..15]

FF21

FF20

CPU_T4

FF22

APU_WR

FF3X

FF13

FF16

FF14

FF12

FF18

FFXX

FF23

~{FF1X}

A6

~{FF2X}

A7

~{FFXX}

A4

A5
A4

FF2X

~{FF1X}

A1

A0

A3

A2

~{FF1X}

~{FF1X}

FF2X

~{FF2X}

~{FF1X}

~{FF1X}

~{FF1X}

~{FF1X}

~{FF1X}

~{FF1X}

~{FFXX}

~{FFXX}

~{FF1X}

~{FF1X}

A5

A6

FF2X

~{FF1X}

A5
A4

~{FF2X}

~{FFXX}
~{FF2X}

~{FF2X}

A7

FF3X

A7

~{FF1X}

~{FF2X}
A6

~{FF1X}
BUNO
NOR_2

1

2

ATEG
OR_41

2
3
4

AWET
OR_41

2
3
4

ATUP
INVERTER_A

BANU
INVERTER_B

BEZY
OR_2

1

2

BAFU
INVERTER_A

ACOM
NAND_41

2
3
4

BARO
NOR_2

1

2

BOGY
INVERTER_E
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BUZU
TRI_INV_IF0

CAGA
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

BOGU
DR_LATCH

AMAD
TRI_INV_IF0

ARUX
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

ANEV
DR_LATCH

BOCA
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

APEG
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

BEPU
DR_LATCH

1

2

BEFU
NOR_2

ATUM
TRI_INV_IF0

BOCY
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

BYGA
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

BOFA
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

BUME
DR_LATCH

1

2

BUPO
NAND_2

D

ENA

~{RESET}

Q

~{Q}

APOS
DR_LATCH

GEPA
INVERTER_A

ADAK
INVERTER_B

1

2

BOSU
NAND_2

CAPU
TRI_INV_IF0

BAXY
INVERTER_B

D

ENA

~{RESET}

Q

~{Q}

ATUF
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

BAFO
DR_LATCH

BYMA
INVERTER_A

BONO
INVERTER_B

D

ENA

~{RESET}

Q

~{Q}

COZU
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

BUMO
DR_LATCH

BYFA
INVERTER_B

AWED
TRI_INV_IF0

AKOD
TRI_INV_IF0

AVUD
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

BEDU
DR_LATCH

AXEM
TRI_INV_IF0

CADA
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

BYRE
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

BEFO
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

AGER
DR_LATCH

CERE
TRI_INV_IF0

BOWE
INVERTER_B

GUMU
INVERTER_B

1

2

HEFA
NOR_2

CUDU
TRI_INV_IF0

CAVU
TRI_INV_IF0

~{APU_RD}

FF25FF24

~{FF24_FF25_FF26_RESET}

D[0..7]

APU_WR
APU_WR

LMIXER2

D7

LMIXER1

APU_WR

D4

~{FF24_FF25_FF26_RESET}

RMIXER0

RMIXER1

RMIXER3

RMIXER2

D3D3

D5

D2

D1

D6

D5

~{RVOLUME0}

~{RVOLUME1}

D2

D0

~{FF24_FF25_FF26_RESET}

~{LVOLUME2}

~{RVOLUME2} D2

D5

D1

D5

D0

D6

~{LVOLUME1}

D1

D3

D7

D0

LMIXER3L_VIN_EN

D6

D7

D4

LMIXER0

~{APU_RD}

D0

D3

D4 D4

D1

R_VIN_EN

D2

~{APU_RD}

~{LVOLUME0}

D6

D7

FF25 NR51FF24 NR50BEFU
NOR_2

1

2

ADAK
INVERTER_B

HEFA
NOR_2

1

2

GUMU
INVERTER_B
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CEPO
INVERTER_A

HOPE
TRI_INV_IF0

CLK

~{RESET}
D ~{Q}

Q

AJER
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

BAZA
DFFR_B2

CULO
INVERTER_C

APEF
INVERTER_C

AFAT
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

ATYK
DFFR_B2

AGUR
INVERTER_A

BATA
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

CALO
DFFR_B2

BURE
INVERTER_BCLK

~{RESET}
D ~{Q}

Q

BARA
DFFR_B2

KAME
INVERTER_A

BUWE
INVERTER_A

BAVU
INVERTER_A

ATYV
INVERTER_A

DAPA
INVERTER_B

CLK

~{RESET}
D ~{Q}

Q

AVOK
DFFR_B2

BYHO
INVERTER_A

CATE
INVERTER_A

CONE
INVERTER_A

ARYF
INVERTER_A

BOPO
INVERTER_A

KEPY
INVERTER_C

KUBY
INVERTER_A

KEBA
INVERTER_E

CLK

~{RESET}
D ~{Q}

Q

CARU
DFFR_B2

KOGE
TRI_INV_IF0

HAPO
INVERTER_B

CLK

~{RESET}
D ~{Q}

Q

HADA
DFFR_B2

BARU
INVERTER_A

COFU
INVERTER_A

BUFY
INVERTER_C

1

2

JURE
NAND_2

KYDU
INVERTER_A

BYFE
INVERTER_C

AZEG
INVERTER_A

BELA
INVERTER_A

CYBO
INVERTER_A

1

2

HAWU

NAND_2

1

2

FEWA
NAND_2

HORU
INVERTER_C

1

2

KAMU
NAND_2

0

1

BULE
MUX

DYFA
INVERTER_B

GAXO
INVERTER_A

FATE
TRI_INV_IF0

CLK

~{RESET}
D ~{Q}

Q

ATEP
DFFR_B2

KAZO
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

CERY
DFFR_B2

1

2

JYRO
OR_2

GUFO
INVERTER_A

1

2

EFOP
AND_2

1

2

ETUC
AND_2

0

1

BEZE
MUX

ATUS
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

CEMO
DFFR_B2

CETO
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

BYLU
DFFR_B2

0

1

CELY
MUX

EDEK
INVERTER_E

EFUS
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

FERO
DR_LATCH

1

2

DURU
NAND_2

GEXY
INVERTER_A

1

2

BOPY
NAND_2

APUV
INVERTER_A

0

1

GALE
MUX

FYNE
INVERTER_C

COTO
TRI_INV_IF0

HAMA
INVERTER_D

BUFO
INVERTER_A

1

2

DOLE
NAND_2

CLK

~{RESET}
D ~{Q}

Q

BOWY
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

JESO
DFFR_B2

COKE
INVERTER_A

CURU
INVERTER_A

~{APU_RESET}

BUFY_256Hz

FF26

~{APU_RD}

APU_WR

512Hz

~{APU_RESET2}

CH2_1MHz

~{CH1_ACTIVE}

FF26_D4_B

APU_4MHz

HAMA_512KHz

JESO_512K

CH3_2MHz

CH1_1MHz

D[0..7]

~{CH3_ACTIVE}

T1~{T2}

CH4_1MHz

~{CH2_ACTIVE}

FF1A_RD

AJER_2MHz

~{RESET2}

APU_RESET

~{FF24_FF25_FF26_RESET}

CATE_128Hz

~{CH4_ACTIVE}
BYFE_128Hz

~{APU_RESET4}

~{APU_RESET6}

~{APU_RESET5}

HORU_512Hz

D2

D1

~{FF24_FF25_FF26_RESET}

~{APU_RESET3}

APU_RESET

CATE_128Hz

APU_RESET

FF26_D4

~{APU_RESET5}

D7

APU_RESET

APU_RESET

APU_RESET

~{AJER_2MHz}

~{APU_RESET}

FF26_D4_B

D3

~{FF24_FF25_FF26_RESET}

D4

FF26_D4

~{APU_RESET3} ~{APU_RESET}

BYFE_128Hz

~{APU_RESET3}

APU_RESET

BYFE_128Hz

D7

D0

D5

~{APU_RESET5}

FF26_D4_B

APU_RESET
~{AJER_2MHz}

APU Sub clocksFF26 NR52
DOLE

NAND_2
1

2

EFUS
TRI_INV_IF0

DURU
NAND_2

1

2

COTO
TRI_INV_IF0

HOPE
TRI_INV_IF0

GUFO
INVERTER_A

JYRO
OR_2

1

2

FATE
TRI_INV_IF0

KAMU
NAND_2

1

2

KOGE
TRI_INV_IF0

FEWA
NAND_2

1

2

JURE
NAND_2

1

2
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Q
LOAD
D ~{Q}

TCLK

KYNA
TFFD

D

ENA

~{RESET}

Q

~{Q}

AVAF
DR_LATCH

AZYP
TRI_INV_IF0

AFOX
TRI_INV_IF0

AVEK
TRI_INV_IF0

BUZE
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

BANY
DR_LATCH

AMYD
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

ANAZ
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

ARAX
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

ADEK
DR_LATCH

JYNE
TRI_INV_IF0

HONO
TRI_INV_IF0

JACA
TRI_INV_IF0

JOKU
TRI_INV_IF0

1

2

HAFU
AND_2

D

ENA

~{RESET}

Q

~{Q}

JUZY
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

JAFY
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

JOMA
DR_LATCH

HATO
INVERTER_A

1

2

AFEG

NAND_2
1

2

EPYK
NOR_2

CURE
INVERTER_A

Q
LOAD
D ~{Q}

TCLK

EKOV
TFFD

1

2

DUPY
OR_2

1

2

BAGE
NAND_2

BAMU
INVERTER_A

BUDA
INVERTER_A

1

2

APAJ
NOR_2

1

2

BALE
NAND_2

D

ENA

~{RESET}

Q

~{Q}

JUSA
DR_LATCH

1

2

DEBY
AND_2

ATAX
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

BANA
DR_LATCH

AKUX
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

BOTU
DR_LATCH

1

2

ATYN
NOR_2

AWOS
TRI_INV_IF0

ASOP
INVERTER_B

~{SET}

D ~{Q}

Q

~{RESET}

CLK

HYKA
DFFSR

1

2

BEXU
NAND_2

D

ENA

~{RESET}

Q

~{Q}

DYCA
DR_LATCH

1

2

COVU
AND_2

D

ENA

~{RESET}

Q

~{Q}

CENA
DR_LATCH

1

2

DYPU
NOR_2

1

2

DAXA
NAND_2

CACA
INVERTER_A

CEGE
INVERTER_A

~{SET}

D ~{Q}

Q

~{RESET}

CLK

JYKA
DFFSR

BUWA
INVERTER_A

1

2

FULO
NOR_2

GEKU
INVERTER_A

FORU
TRI_INV_IF0

EVAJ
INVERTER_B

Q
LOAD
D ~{Q}

TCLK

GAXE
TFFD

GEFU
TRI_INV_IF0

Q
LOAD
D ~{Q}

TCLK

HYFE
TFFD

KYVU
TRI_INV_IF0

Q
LOAD
D ~{Q}

TCLK

JYTY
TFFD

DEKE
INVERTER_A

1

2

GETA

NAND_2

1

2

GOLO

NAND_2

FULE
INVERTER_A

GULU
INVERTER_A

1

2

FOPU

AND_2

1

2

FOKE

AND_2

1

2

EJYF

AND_2
1

2

EFOR
NOR_2

1

2

GYLU

NAND_2

~{SET}

D ~{Q}

Q

~{RESET}

CLK

AXAN
DFFSR

1

2

GYFU
NOR_2

1

2

GATO
NOR_2

~{SET}

D ~{Q}

Q

~{RESET}

CLK

EDUL
DFFSR

~{SET}

D ~{Q}

Q

~{RESET}

CLK

HAVO
DFFSR

KUMO
TRI_INV_IF0

FUME
INVERTER_A

BOWO
TRI_INV_IF0

CUDA
TRI_INV_IF0

1

2

BOVU
NOR_2

DUKA
INVERTER_A

CAMY
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

BOKO
DR_LATCH

BYTU
TRI_INV_IF0

1

2

DEPU
NAND_2

DYLA
INVERTER_B

HAXE
INVERTER_A

1

2

HAMY
OR_2

1

2

BOXU
NOR_2

1

2

ESEL
NOR_2

1

2

AJUX

AND_2

BYFU
INVERTER_A

1

2

BUDO

NAND_2

1

2

AMAC

AND_2

BOFU
INVERTER_A

1

2

BASO

AND_2

1

2

BUGU

NAND_2

BYSU
INVERTER_A

1

2

ETOL

NAND_2

1

2

GOPE

NAND_2

1

2

KYFU

AND_2

1

2

KYPA

NAND_2

1

2

KAVO

AND_2

JULO
INVERTER_A

KOPU
INVERTER_A

1

2

KOVU

NAND_2

1

2

KAJU
NOR_2

1

2

KAPO
NOR_2

1

2

GAMO
NOR_2

HOWU
TRI_INV_IF0

1

2

FEGA

AND_2

ETUV
INVERTER_A

1

2

ELUF
NOR_2

1

2

ETOK

AND_2

1

2

ELER

NAND_2
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CH1_FREQ_UPD2

CH1_FREQ_UPD1~{CH1_SUM_OVFL}

FF11

APU_WR

~{CH1_AMP_EN}

~{FF11_D7}

CH1_OUT0
FF12_D0

CH1_RESTART

FF12_D3

~{FF12_D2}

CH1_RESTART

CH1_STOP

CH1_ENV0

D5

APU_RESET

APU_RESET

CH1_OUT1

~{FF11_D6}

CH1_LEN_TIMER_STOP

CH1_RESTART_DLY

CH1_RESTART_DLY

D3

FF12_D5

CH1_ENV3

D4

APU_RESET

~{APU_RESET6}
CH1_FRST

CH1_RESTART

FF12_D6

~{FF10_D0}

CH1_OUT3

~{CH1_SUM_OVFL}

CH1_ENV1

APU_RESET

FF12_D6

FF12_D5~{FF10_D2}

CH1_RESTART

CH1_RESTART

~{FF12_D0}

~{FF12_D1}

~{FF10_D1}

CH1_ENV0

CH1_PWM

CH1_OUT2BEXA

BEXA

BEXA

FF12_D7

CH1_ENV2

APU_RESET

CH1_RESTART

FF12_D1

CH1_RESTART

FF12_D2

CH1_EG_STOP

~{APU_RESET6}

BEXA

D0

~{CH1_SUM_OVFL}

~{NO_SWEEP}

FF11_D6

D1

FF11_D7

CH1_1MHz

CH1_RESTART

~{FF10_D4}

D2

FF12_D3

APU_RESET

CH1_RESTART

APU_RESET

APU_RESET

APU_RESET

~{FF10_D6}

~{FF10_D5}

CH1_FRST

CH1_RESTART

NO_SWEEP

CH1_1MHz

CH1_STOP

CH1_RESTART

FF12_D7

CH1_1MHz
CH1_1MHz

APU_RESET

APU_RESET

CH1_ENV2

FF12_D4

CH1_RESTART

FF12_D4

APU_RESET

CH1_ENV3

APU_RESET

~{FF12_D3}

CH1_ENV1

Waveform counter

EG timer clocked at 64Hz

Duty select

Sweep shift counter

Sweep timer

Length timer

GEFE
INVERTER_A FYFO

NOR_LATCH

SET

~{Q}

Q

RESET

GEXU
NAND_LATCH

~{RESET} ~{Q}

Q~{SET}
FEMY

NOR_2
1

2

GEPU
INVERTER_A

HUFU
NAND_51

2
3
4
5

JADE
OR_2

1

2

KUXU
INVERTER_A

KERE
INVERTER_A

JOLA
INVERTER_AKALY

DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

DACU
NOR_2

1

2

CYLU
INVERTER_A

KAZA
NOR_2

1

2

DYRU
NOR_3

1
2
3

CALA
INVERTER_A

EPUK
NOR_2

1

2

DODY
NOR_2

1

2

EGOR
INVERTER_C

ATUV
AND_2

1

2

BOJE
AND_2

1

2

FEMU
NAND_LATCH

~{RESET} ~{Q}

Q~{SET} EGYP
NOR_2

1

2

CYTE
INVERTER_A

COPE
INVERTER_A

KYNO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

HAKE
INVERTER_A

COWE
AND_2

1

2

BOTO
OR_2

1

2

CYMU
INVERTER_A

DAFA
NOR_2

1

2

BUGE
NAND_3

1
2
3
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D

ENA

~{RESET}

Q

~{Q}

HYFU
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

JANY
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

EMER
DR_LATCH

CYWU
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

ETAP
DR_LATCH

GYPA
INVERTER_A

GALA
INVERTER_A

1

2

HUMA
NAND_2GADO

INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

FORE
DR_LATCH

JEKE
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

HAVA
DR_LATCH1

2

GERE
AND_2

D

ENA

~{RESET}

Q

~{Q}

GAGE
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

GURA
DR_LATCH

HUVU
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

JEFU
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

HORE
DR_LATCH

HYRY
TRI_INV_IF0

Q
LOAD
D ~{Q}

TCLK

HEPU
TFFD

Q
LOAD
D ~{Q}

TCLK

HERO
TFFD

HYRE
TRI_INV_IF0

HUPE
TRI_INV_IF0

HERE
TRI_INV_IF0

JYBU
INVERTER_A

HORO
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

GATA
DR_LATCH

Q
LOAD
D ~{Q}

TCLK

FUXO
TFFD

GAZO
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

GUFE
DR_LATCH

FEGU
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

FOFE
DR_LATCH

1

2

HYPO
OR_2

GOTE
INVERTER_A

1

2

JENU
AND_2

COGU
INVERTER_A

HUDE
INVERTER_A

1

2

DERA
NOR_2

1

2

EXUC
AND_2

D

ENA

~{RESET}

Q

~{Q}

FEDY
DR_LATCH

1

2

DOSA
AND_2

1

2

CAMA
NOR_2

DOCA
INVERTER_A

FERY
INVERTER_A

1

2

GUZA
NOR_2

D

ENA

~{RESET}

Q

~{Q}

FOVA
DR_LATCH

Q
LOAD
D ~{Q}

TCLK

DONE
TFFD

1

2

FAPE
NAND_2

FOGE
INVERTER_A

1

2

DUJU
NOR_2

CLK

~{RESET}
D ~{Q}

Q

DOPE
DFFR_B2

GOJY
TRI_INV_IF0

HAVU
TRI_INV_IF0

GENE
TRI_INV_IF0

1

2

DETA
NAND_2

DUSO
INVERTER_A

1

2

EVYF
NAND_2

KYPU
INVERTER_A

FAZO
INVERTER_A

DAXU
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

JUPY
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

GODA
DR_LATCH

1

2

CORO
NAND_2

Q
LOAD
D ~{Q}

TCLK

EZOF
TFFD

Q
LOAD
D ~{Q}

TCLK

CYVO
TFFD

FYRY
INVERTER_A

1

2

BACU
AND_2

D

ENA

~{RESET}

Q

~{Q}

BERA
DR_LATCH

CECY
TRI_INV_IF0

FAVA
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

GUMY
DR_LATCH

BYGO
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

GUPU
DR_LATCH

EROG
INVERTER_A

EDEP
INVERTER_A

GERO
TRI_INV_IF0

1

2

GURU
OR_2

Q
LOAD
D ~{Q}

TCLK

GANE
TFFD

FAJY
TRI_INV_IF0

HUNA
TRI_INV_IF0

1

2

GEXA
OR_2

FOSE
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

FOME
DR_LATCH

Q
LOAD
D ~{Q}

TCLK

DYNU
TFFD

Q
LOAD
D ~{Q}

TCLK

HEVY
TFFD

Q
LOAD
D ~{Q}

TCLK

GANO
TFFD

GURE
INVERTER_A

CEKA
TRI_INV_IF0

Q
LOAD
D ~{Q}

TCLK

GOCA
TFFD

D

ENA

~{RESET}

Q

~{Q}

FORA
DR_LATCH

1

2

ENUF
AND_2

D

ENA

~{RESET}

Q

~{Q}

BAMY
DR_LATCH

GADU
TRI_INV_IF0

GAKY
TRI_INV_IF0

JARO
TRI_INV_IF0

FUTY
INVERTER_B

FF18

FF17

FF16

CH2_1MHz

CH2_FDIS

APU_PHI

~{FF19_D6}

NRx4_D6_WR

FF19

~{APU_RESET2}

FF26_D4_B

APU_RESET

FF17_D[0..7]
~{FF17_D[0..3]}

D[0..7]

FF19_D6

~{APU_RD}

APU_WR

CH2_RESTART

CH2_FRST

~{FF16_D[6..7]}

CH2_FTICK

FF16_D[6..7]

CH2_START

~{FF17_D2}

~{APU_RD}

D6

FAPE

D1

APU_WR

FF16

FF18

D0

D4

D2

APU_RESET

FF19
FAPE

FF19

D2

APU_RESET

D7

~{FF17_D3}

D1~{FF17_D1}

FF17_D0

~{FF17_D0}

D1

~{FF16_D6}

D1

D0

D0

D3

D6

D4

D5

D7

D0

D1

FF17_D2

~{APU_RD}

D2

FF17_D1

D3

D7

FF17_D3

D6

~{APU_RD}

D6

D7 ~{FF16_D7}

FF16_D7

FF16_D6

APU_WR

APU_WR

FF19

D6

D6

D5

FF17_D6

FF17_D5

APU_RESET

APU_RESET

D2

D6

FF18

APU_WR

APU_RESET

FF19

D7

FF18

APU_RESET

APU_WR

FF17_D7

D3

~{APU_RD}

D6

APU_WR

FF17

D5

FF17_D4

D4

D7

D1

D3

D0

D2

D4

APU_WR

D5

FF17

FF19

D0

D2

D7

FF17 NR22

FF16 NR21

FF19 NR24

FF18 NR23

FERY
INVERTER_A GUZA

NOR_2
1

2

FUTY
INVERTER_B

BYGO
INVERTER_A CORO

NAND_2
1

2

DERA
NOR_2

1

2

DETA
NAND_2

1

2

DUSO
INVERTER_A

EVYF
NAND_2

1

2
FAZO

INVERTER_A

DAXU
INVERTER_A

EMER
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}
CYWU

INVERTER_A

ETAP
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}
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FYRE
INVERTER_A

1

2

ANAN
AND_2

Q
LOAD
D ~{Q}

TCLK

FENO
TFFD

AGET
INVERTER_A

~{RESET}
D

CLK

~{Q}

Q

CAGY
DFFR_B

Q
LOAD
D ~{Q}

TCLK

AKYD
TFFD

Q
LOAD
D ~{Q}

TCLK

CONU
TFFD

1
2
3

JUPU
NOR_3

Q
LOAD
D ~{Q}

TCLK

FENA
TFFD

DUGE
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

CANO
DFFR_B2

1

2

HYPA
NOR_2

1
2

3
4

GAFA
AO_2

Q
LOAD
D ~{Q}

TCLK

CERA
TFFD

~{RESET}
D

CLK

~{Q}

Q

DYVE
DFFR_B

Q
LOAD
D ~{Q}

TCLK

ERYC
TFFD

1

2

DYMU
AND_2

SET

~{Q}

Q

RESET

DANE
NOR_LATCH

HOTA
INVERTER_A

CULE
INVERTER_A

KATY
INVERTER_A

1

2

BONU
OR_2

CEXE
INVERTER_A

1

2

ANYV
AND_2

DAVU
INVERTER_A

KENE
INVERTER_A

KYLO
INVERTER_A

1
2
3

HOFO
OR_3

1

2

FUJY
AND_2

1
2
3
4
5

EMYR
NOR_5

1
2

3
4

5
6

7
8

EXES
AO_4

1

2

EGOG
AND_2

GALU
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

JYNA
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

DOME
DFFR_B2

1
2

3
4

FOPY
AO_2

1
2
3
4

HAFE
NOR_4

ETUK
INVERTER_A

1

2

DYTA
NOR_2

1
2
3

GYRE
NOR_3

CLK

~{RESET}
D ~{Q}

Q

HEPO
DFFR_B2

DYRO
INVERTER_A

DARE
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

GYKO
DFFR_B2

Q
LOAD
D ~{Q}

TCLK

CAME
TFFD

Q
LOAD
D ~{Q}

TCLK

BUVA
TFFD

BYMO
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

ELOX
DFFR_B2

1

2

HYLY
NOR_2

1

2

DOVE
NOR_2

CLK

~{RESET}
D ~{Q}

Q

JOPA
DFFR_B2

1
2

3
4

ETUP
AO_2

1

2

DOJU
NOR_2

1

2

ARES
NOR_2 ~{RESET} ~{Q}

Q~{SET}

BUTA
NAND_LATCH

BODO
INVERTER_A

GADE
INVERTER_A

Q
LOAD
D ~{Q}

TCLK

JORE
TFFD

1
2

3
4

FARU
AO_2

1

2

AGYN
NAND_2

1
2
3

BENY
NOR_3

1
2
3

DEME
NOR_3

1

2

DORA
AND_2

1

2

HYLE
OR_2

Q
LOAD
D ~{Q}

TCLK

FETE
TFFD

Q
LOAD
D ~{Q}

TCLK

FOMY
TFFD

ASYP
INVERTER_A

1

2

GUFY
OR_2

CELO
INVERTER_A

1
2
3

KYVO
AND_3

SET

~{Q}

Q

RESET

DALA
NOR_LATCH

1
2
3
4
5

ERAT
NAND_5

1

2

ASOG
AND_2

1

2

AMOV
AND_2

1

2

HOLY
NOR_2

1

2

CYSE
AND_2

DEFU
INVERTER_A

1

2

DOMO
NOR_2

SET

~{Q}

Q

RESET

JEME
NOR_LATCH

CLK

~{RESET}
D ~{Q}

Q

CAZA
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

DORY
DFFR_B2

JAKE
INVERTER_A

1
2
3
4
5

FUTE
NOR_5

1

2

DOXA
NOR_2

BUKO
INVERTER_A

Q
LOAD
D ~{Q}

TCLK

JEVY
TFFD

1
2
3

ESYK
OR_3

CLK

~{RESET}
D ~{Q}

Q

CYRE
DFFR_B2

Q
LOAD
D ~{Q}

TCLK

JONA
TFFD

BYFE_128Hz

~{FF19_D6}

~{APU_RESET2}

FF17_D[0..7]

D[0..7]

FF19_D6

BUFY_256Hz

CH2_START

FF16_D[6..7]

FF16

CH2_RESTART

APU_WR

HORU_512Hz

CH2_RESTART

CH2_FDIS

APU_RESET

~{CH2_ACTIVE}

~{CH2_AMP_EN}

~{FF17_D[0..3]}

~{FF16_D[6..7]}

CH2_FRST

FF26_D4_BCH2_1MHz

CH2_FTICK

~{FF17_D2}

CH2_ENV3

APU_RESET

CH2_RESTART

~{FF16_D6}

~{FF16_D7}

FF17_D7

CH2_PWM

~{APU_RESET2}

APU_RESET

CH2_LEN_TIMER_STOP

CH2_RESTART

APU_RESET
CH2_STOP

FF17_D7

CH2_RESTART
APU_RESET

FF17_D5
FF17_D4
FF17_D3

D1

FF16_D7

FF16_D6

D0

APU_RESET

D3

CH2_1MHz

~{FF17_D1}

CH2_FRST

CH2_RESTART

CH2_RESTART
APU_RESET

~{FF17_D0}

APU_RESET

CH2_RESTART

FF17_D6

CH2_1MHz

D4

D5

D2

CH2_OUT0

CH2_ENV3
CH2_ENV2

CH2_OUT2

CH2_OUT3

CH2_ENV0

APU_RESET CH2_1MHz

APU_RESET

FF17_D0

FF17_D2
FF17_D1

CH2_OUT1

FF17_D6

CH2_ENV1

FF17_D5

FF17_D4

APU_RESET

CH2_RESTART

CH2_ENV2

CH2_ENV1

CH2_FRST

CH2_ENV0

~{FF17_D3}

FF17_D3

CH2_RESTART

CH2_STOP

~{APU_RESET2}

CH2_EG_STOP

CH2_RESTART

Length timer

CH2_PWM Duty cycle:
D7-6 = 00 : 00000001 (~{Q0}.Q1.Q2)
D7-6 = 01 : 00000011 (Q1.Q2)
D7-6 = 10 : 00001111 (Q2)
D7-6 = 11 : 11111100 (~{Q1.Q2})

EG timer

Waveform counter

BODO
INVERTER_A BUTA

NAND_LATCH

~{RESET} ~{Q}

Q~{SET}

ARES
NOR_2

1

2

DALA
NOR_LATCH

SET

~{Q}

Q

RESET

ERAT
NAND_51

2
3
4
5

CELO
INVERTER_A

HEPO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

FYRE
INVERTER_A GUFY

OR_2

1

2

GALU
INVERTER_A

DAVU
INVERTER_A

ETUK
INVERTER_AGYRE

NOR_3
1
2
3

JAKE
INVERTER_A

HYLY
NOR_2

1

2

JYNA
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

KYLO
INVERTER_A

KENE
INVERTER_A

CYSE
AND_2

1

2

BONU
OR_2

1

2
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D

ENA

~{RESET}

Q

~{Q}

JACY
DR_LATCH

KASO
INVERTER_A

1

2

FAKO
NOR_2

D

ENA

~{RESET}

Q

~{Q}

GAVU
DR_LATCH

GOMA
INVERTER_A

KOPY
INVERTER_A

1

2

HUDA
AND_2

D

ENA

~{RESET}

Q

~{Q}

KANA
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

KOGU
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

JEMO
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

JETY
DR_LATCH

FENE
INVERTER_A

GUNU
INVERTER_A

KESE
INVERTER_A

JERA
INVERTER_A

1

2

EPYX
NAND_2

GAZE
INVERTER_A

GULO
INVERTER_A

SET

~{Q}

Q

RESET

GOFY
NOR_LATCH

D

ENA

~{RESET}

Q

~{Q}

JOVY
DR_LATCH

ERED
INVERTER_A

Q
LOAD
D ~{Q}

TCLK

FORY
TFFD

JUVY
TRI_INV_IF0

KORA
TRI_INV_IF0

KAMY
TRI_INV_IF0

JURA
TRI_INV_IF0

Q
LOAD
D ~{Q}

TCLK

KEZA
TFFD

Q
LOAD
D ~{Q}

TCLK

JAPU
TFFD

HUFO
TRI_INV_IF0

1

2

FUVA
OR_2

Q
LOAD
D ~{Q}

TCLK

KAFO
TFFD

Q
LOAD
D ~{Q}

TCLK

KENO
TFFD

Q
LOAD
D ~{Q}

TCLK

KEJU
TFFD

COKA
INVERTER_B

HOXA
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

KOGA
DR_LATCH

DOVO
INVERTER_A

1

2

EGAD
NAND_2

KESY
TRI_INV_IF0

Q
LOAD
D ~{Q}

TCLK

KEMU
TFFD

Q
LOAD
D ~{Q}

TCLK

KUNU
TFFD

JUDE
TRI_INV_IF0

CLK

~{RESET}
D ~{Q}

Q

FOBA
DFFR_B2

1

2

FURY
NOR_2

1

2

FASY
NAND_2

1
2
3
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AND_2
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DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

FAKO
NOR_2

1

2

FENE
INVERTER_A

JOTU
INVERTER_A

HAGA
AND_2

1

2

HUKY
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}



1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2023-05-25
KiCad E.D.A. kicad 7.0.2-1.fc37

Rev: 0.6Size: A3
Id: 21/46

Title: DMG-CPU B

File: ch3_wave_ram.kicad_sch
Sheet: /APU/CH3 WAVE RAM/
CC-BY-SA-4.0 þÿ�R�é�g�i�sGalland & Michael Singer -- Derived work from Furrtek

https://github.com/msinger/dmg-schematics

DESA
TRI_INV_IF1

CLK

~{RESET}
D ~{Q}

Q

EFAR
DFFR_B2
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BYLO
INVERTER_A

Q
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CUWA
INVERTER_A
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AND_2
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1

2

DYRY
AND_2

CEPY
INVERTER_A

1

2

JORA
NAND_2

Q
LOAD
D ~{Q}

TCLK

DANO
TFFD

Q
LOAD
D ~{Q}

TCLK

EDOP
TFFD

Q
LOAD
D ~{Q}

TCLK

DENA
TFFD

Q
LOAD
D ~{Q}

TCLK

FAVY
TFFD

GOME
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1
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1

2
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DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

GARU
DR_LATCH

1

2

FALE
NOR_2

CLK

~{RESET}
D ~{Q}

Q

GYSU
DFFR_B2

GUGO
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

GONE
DFFR_B2

FEXO
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

GOKY
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

GAFO
DR_LATCH

FEBY
INVERTER_A

SET

~{Q}

Q

RESET

HAZO
NOR_LATCH

1

2

HEZE
OR_2

HAPY
TRI_INV_IF0

HYNE
INVERTER_A

1

2

KEKA
OR_2

CLK

~{RESET}
D ~{Q}

Q

GORA
DFFR_B2

HELU
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

JAKY
DR_LATCH

1

2

GUZY
NOR_2

D

ENA

~{RESET}

Q

~{Q}

HOGA
DR_LATCH

BOFY
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

JARE
DR_LATCH

BEFA
INVERTER_A

1

2

COMO
AND_2

D

ENA

~{RESET}

Q

~{Q}

JERO
DR_LATCH

1

2

HUMO
AND_2

HAPU
INVERTER_A

KOKU
INVERTER_A

D

ENA

~{RESET}

Q

~{Q}

CUNY
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POGU
INVERTER_B

1

2

RYNO
OR_2

BAGY
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

GOSO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

BYBA
DFFR_B2

1
2
3
4
5
6
7

VOKU
NAND_7

1
2
3
4

NOKO
AND_4

PURE
INVERTER_C

AVAP
INVERTER_B

1
2
3

BEBU
OR_3

CLK

~{RESET}
D ~{Q}

Q

SYGU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

RUTU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

LEBE
DFFR_B2

VATE
INVERTER_A

TUJU
INVERTER_A

PARU
INVERTER_ACLK

~{RESET}
D ~{Q}

Q

POPU
DFFR_B2

TALU
INVERTER_D

1

2

WOJO
NOR_2

CLK

~{RESET}
D ~{Q}

Q

NAPO
DFFR_B2CLK

~{RESET}
D ~{Q}

Q

TELU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

NYPE
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

VYZO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

FAHA
DFFR_B2

LOFU
INVERTER_A

AWOH
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

VENA
DFFR_B2

XYSO
INVERTER_A

XUPY
INVERTER_B

CLK

~{RESET}
D ~{Q}

Q

WOSU
DFFR_B2

XOCE
INVERTER_B

1
2

3

BYHA
OA

CLK

~{RESET}
D ~{Q}

Q

WUVU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

SAXO
DFFR_B2

XYVA
INVERTER_A

XOTA
INVERTER_A

XYFY
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

TYPO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

ELYN
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

LUCA
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

FONY
DFFR_B2

1

2

LAMA
NOR_2

LYHA
INVERTER_A

MURE
INVERTER_C

TUDA

INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

MYTA
DFFR_B2

TAFY
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

MEDA
DFFR_B2

XOCE

VCLK2

~{PPU_4MHz}

XYSO

V[0..7]

OAM_PARSING

~{V_RESET}

8192Hz

4096Hz

STOP_OAM_PARSING

PPU_4MHz

~{PPU_RESET}

INT_VBL

VCLK

FF40_D[0..7]

~{SPRITE_SAVE_EN}
SPRITE_Y_MATCH

HCLK

OAM_PARSE_A[2..7]

OAM_RENDERING2

OAM_RENDERING

XUPY

ATEJ

MODE3

~{PPU_RESET}

V6

LCD_X0

LCD_X3

LCD_X4

LCD_X1

FF40_D7

VCLK

VCLK

LCD_X2

VBL

LCD_X2

LCD_X6

LCD_X5

LCD_X2

LCD_X1

LCD_X[0..6]

PPU_RESET

LCD_X0

LCD_X1 LCD_X0

LCD_X0

LCD_X6

V2

XOCE

HCLK

~{OAM_PARSE_RESET}

VCLK

~{VCLK}

VCLK2

V1

XUPY

VCLK

V3

V[0..7]

~{VCLK}

LCD_X5

V0

LCD_X3

V5

V7

V4

V3

V7

V4

HCLK

V7

V0

V4

LCD_X5

~{PPU_RESET2}

XUPY

~{PPU_RESET2}

START_OAM_PARSING

XOCE

LCD_X4
LCD_X0

XUPY

OAM_PARSE_A4

OAM_PARSE_A3

~{PPU_RESET}

LCD_X6

LAST_SPRITE

PPU_RESET

OAM_PARSE_A2

HCLK

VCLK2

OAM_PARSE_A7

VBL

OAM_PARSE_A6

XUPY

OAM_PARSE_A5

LCD_X4

LCD X COUNTER

VCLK clocks the Vertical counter

Pin 57

VERTICAL SYNC

~{V_RESET}= '0' when V = 153 and VCLK falling edge

Pin 52

INT = '1' when V >= 144

Pin 56

Pin 55

BYHA
OA

1
2

3

AVAP
INVERTER_B

BEBU
OR_3

1
2
3

RYNO
OR_2

1

2

POGU
INVERTER_B

UMOB
INVERTER_A

CPG
OBUF_A

~{OUTPUT}

ATEJ
INVERTER_B

DYTY
INVERTER_B

CARE
AND_3

1
2
3

WOJO
NOR_2

1

2

WOSU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

XOCE
INVERTER_B

XYSO
INVERTER_A

MURE
INVERTER_C

MAGU
XOR

1

2
USEC

INVERTER_A

KEBO
INVERTER_A

MECO
INVERTER_C

KUPA
AO_2

1
2

3
4

CPL
OBUF_A

~{OUTPUT}

KAHE
AO_2

1
2

3
4

FR
OBUF_A

~{OUTPUT}

KOFO
INVERTER_C

KYMO
INVERTER_C

S
OBUF_A

~{OUTPUT}

XOTA
INVERTER_A

XYVA
INVERTER_A
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TEBY
TRI_INV_IF1

D

ENA

~{RESET}

Q

~{Q}

RAHA
DR_LATCH

1

2

XUKE
AND_2

1

2

XYLE
AND_2

1

2

XATY
NOR_2

1

2

SADU
NOR_2

1

2

TYBA
AND_2

WUGA
TRI_INV_IF1

SET

~{Q}

Q

RESET

XYMU
NOR_LATCH

CLK

~{RESET}
D ~{Q}

Q

TUHU
DFFR_B2

TOCA

INVERTER_A

1
2
3
4

SUBO
NOR_4

PALY
INVERTER_A

1

2

RAPE
NAND_2

1

2

SEPA
AND_2

1

2

XAJO
AND_2

SET

~{Q}

Q

RESET

WUSA
NOR_LATCH

CLK

~{RESET}
D ~{Q}

Q

SAVY
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

XEHO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

XODU
DFFR_B2

1

2

RYBO
XOR

1

2

TADY
NOR_2

1

2

XEGY
XOR

CLK

~{RESET}
D ~{Q}

Q

VOGA
DFFR_B2

WEKU
INVERTER_A

1

2

XYLY
AND_2

1

2

WEGO
OR_2

1

2

TYKU
XOR

D

ENA

~{RESET}

Q

~{Q}

SEDY
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

SOTA
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

SALO
DR_LATCH

1

2

SYFU
XOR

1
2
3
4
5

XUGU
NAND_5

XANO
INVERTER_A

VAZU
TRI_INV_IF0

1

2

RASY
XOR

1

2

TAPA
AND_2

1

2

WODU
AND_2

XENA
INVERTER_A

1

2

TARU
AND_2

1

2

ROKU
XOR

1

2

TERY
XOR

1

2

TUCY
XOR

RACE
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

SYRY
DR_LATCH

WANE
INVERTER_A

VOZE
INVERTER_A

REDY
TRI_INV_IF0

RETU
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

VAFA
DR_LATCH VAFE

TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

VEVO
DR_LATCH PUFY

TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

REFE
DR_LATCH

CLK

~{RESET}
D ~{Q}

Q

MYRO
DFFR_B2

WURY
INVERTER_A

XEPO
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

LOVU
DFFR_B2

XUCE
INVERTER_A

XOWO
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

MATO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

LEMA
DFFR_B2

1

2

PAGO
OR_2

1

2

TOBE
AND_2

D

ENA

~{RESET}

Q

~{Q}

ROXE
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

RUFO
DR_LATCH

ASAH
INVERTER_B

MYFA
INVERTER_A

1

2

WAFU
AND_2

CLK

~{RESET}
D ~{Q}

Q

LAFO
DFFR_B2

VARO
INVERTER_A

SASY
TRI_INV_IF0

POTE
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

RUGU
DR_LATCH

RYVE
INVERTER_A

PUPU
INVERTER_A

RYJU
INVERTER_A

1
2
3
4

SOVU
NOR_4

CLK

~{RESET}
D ~{Q}

Q

ROPO
DFFR_B2

SET

~{Q}

Q

RESET

RUPO
NOR_LATCH

SEGO
TRI_INV_IF1

1

2

SURY
AND_2

CLK

~{RESET}
D ~{Q}

Q

TUKY
DFFR_B2

1

2

SAKE
XOR XAGA

INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

SYBE
DFFR_B2

WATA
INVERTER_A

1

2

TYGE
XOR CLK

~{RESET}
D ~{Q}

Q

TAKO
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

XYDO
DFFR_B2

1

2

XORA
XOR

VAVE
INVERTER_A

POFO
TRI_INV_IF0

1

2

TYDE
XOR

PUZO
TRI_INV_IF0

CLK

~{RESET}
D ~{Q}

Q

LYDO
DFFR_B2

XUHY

INVERTER_A

APUX

INVERTER_B

ADAZ

INVERTER_B

ABEF
INVERTER_B

AHAL
INVERTER_B

ACAM
INVERTER_B

AMEL
INVERTER_B

AZUB
INVERTER_B

CLK

~{RESET}
D ~{Q}

Q

LEXA
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

MUWY
DFFR_B2

1

2

XUFA
AND_2

LYCO
TRI_INV_IF0

RAZU
TRI_INV_IF0

1

2

REDA
XOR

TOLU
INVERTER_A

VYPU
INVERTER_C

TUVA
INVERTER_A

WESY
INVERTER_B

VOTY
INVERTER_C

WUVA
TRI_INV_IF0

VEGA
TRI_INV_IF0

VYNE
TRI_INV_IF0

WOJY
TRI_INV_IF0

1
2

3
4

5
6

7
8

SUKO
AO_4

1

2

RYME
XOR

WAMA
TRI_INV_IF0

WAVO
TRI_INV_IF0

VOJO
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

VUCE
DR_LATCH

WEZE
TRI_INV_IF0

PPU_RD

INT_STAT

INT_VBL
FF45

H_RESET

VCLK2

V[0..7]

H[0..7]
VCLK

ATEJ

STOP_MODE3

INT_VBL_BUF

D[0..7]

~{PPU_4MHz}

PPU_HARD_RESET

PPU_WR

MODE3

STOP_OAM_PARSING

CLKPIPE

FF41

MODE2

~{H[0..7]}

FF44

PX9

~{V_RESET}

SPRITE_X_MATCH

HCLK

LYC_INT_EN

V1

INT_VBL

PPU_RD

V[0..7]

~{LYC_STAT_RESET}

V2

D3

V0

V[0..7]

INT_OAM

D5

H3

D2

H1

~{H5}

D4

D1

D0

H0

H4

~{H0}

D1

~{H1}

D2

D0H_RESET

MODE3

~{H_RESET}

~{H_RESET}

D5

D1

PPU_RD

FF41

PPU_RD

D4

INT_HBL_EN

H7

H6

D6

INT_OAM_EN

FF44

V7

~{H7}

D5

V0

D5

D4

LYC_INT_EN

D6

INT_VBL_EN

LYC_INT

V1

D3

~{LYC_STAT_RESET}

H2

H_RESET

H3

V3

D7

H5

~{H4}

H0

D6

V4

V5

D7

FF45

~{H2}

~{H3}

D4

D3

D2

D6

D3

V6

D2

V2

~{H6}

V3

D7

V7

V6

V5

D5

D6

INT_HBL_EN

D3

INT_VBL_EN

D0

INT_VBL

INT_HBL

PPU_WR

D0

FF45

H0

D1

STOP_MODE3

H2
H1

H5
H7

D4

V4

INT_OAM_EN

LYC_INT

PPU_WR

FF41

FF41: WR = PPU INT ENABLE, RD = PPU INT ENABLE + PPU INT
Glitch when writing to this register - All interrupts are enabled before data settles.

BG/WIN X COUNTER

Y COUNTER

When all interrupts are enabled,
INT_STAT = '1' when LY = LYC (whole line), VBLANK (MODE1), HBLANK (MODE0),
and Only for a few cycles at the start of OAM parsing when VCLK is high.

STOP MODE3 when H = 167 and no more sprites to fetch

FF44 LY

FF41 STAT

FF45 LYC

TUVA
INVERTER_A

VOTY
INVERTER_C

SUKO
AO_4

1
2

3
4

5
6

7
8

XUFA
AND_2

1

2

WESY
INVERTER_B

XUGU
NAND_51

2
3
4
5

XANO
INVERTER_A

XENA
INVERTER_A

WANE
INVERTER_A

VOZE
INVERTER_A

PALY
INVERTER_A

RAPE
NAND_2

1

2

WEKU
INVERTER_A

XYLY
AND_2

1

2

WAFU
AND_2

1

2

VARO
INVERTER_A

PUPU
INVERTER_A

RYVE
INVERTER_A

XORA
XOR

1

2

SURY
AND_2

1

2

ROKU
XOR

1

2

XYLE
AND_2

1

2
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DOXE

TRI_INV_IF0

COLY
TRI_INV_IF0

AFEB
TRI_INV_IF0

AJAN
TRI_INV_IF0

ALEL
TRI_INV_IF0

CIN SUM

COUTA
B

BYCA
FULL_ADD

CIN SUM

COUTA
B

ACUL
FULL_ADD

GUNE

TRI_INV_IF0

COXO
TRI_INV_IF0

CASY
TRI_INV_IF0

CEDU
TRI_INV_IF0

CIN SUM

COUTA
B

BEWY
FULL_ADD

CATA
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

BEMY
DR_LATCH

CIN SUM

COUTA
B

ABOD
FULL_ADD

COVE
TRI_INV_IF0

CUGA
TRI_INV_IF0

WONY
TRI_INV_IF0

COUT

SUM

A
B

ATAD
HALF_ADDEDOS

TRI_INV_IF0

EKOB
TRI_INV_IF0

CIN SUM

COUTA
B

BABE
FULL_ADD

AXEP
TRI_INV_IF0

CIN SUM

COUTA
B

APYH
FULL_ADD

DAFE
TRI_INV_IF0

CIN SUM

COUTA
B

ECAB
FULL_ADD

D

ENA

~{RESET}

Q

~{Q}

GAVE
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

FYMO
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

FEZU
DR_LATCH

CIN SUM

COUTA
B

EJOK
FULL_ADD

D

ENA

~{RESET}

Q

~{Q}

FUJO
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

DEDE
DR_LATCH

GYZO
TRI_INV_IF0

CIN SUM

COUTA
B

DOTO
FULL_ADD

CIN SUM

COUTA
B

DABA
FULL_ADD

CUSA
TRI_INV_IF0

GODO
TRI_INV_IF0

CIN SUM

COUTA
B

EMUX
FULL_ADD

CIN SUM

COUTA
B

BEHU
FULL_ADD

CIN SUM

COUTA
B

ETAM
FULL_ADD

+5V

WARE
TRI_INV_IF0

GONU
TRI_INV_IF0

GOBA
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

FOTY
DR_LATCH

GYZA
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

FOHA
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

FUNY
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

CABU
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

CUZY
DR_LATCH

EVAD
TRI_INV_IF0

1

2

ARUR
AND_2

DUHO
TRI_INV_IF0

ASUM
TRI_INV_IF0

BAFY
INVERTER_B

1

2

ASUL
AND_2

DODE
TRI_INV_IF0

BOFO
INVERTER_A

DAHU
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

BAKE
DR_LATCH

BUWY
INVERTER_A

AMUN
INVERTER_A

COUT

SUM

A
B

FAFO
HALF_ADD

AXAD
INVERTER_A

1

2

ANYP
AND_2

1

2

BEDY
AND_2

CAVO
INVERTER_A

CASE
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

DATY
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

DUZU
DR_LATCH

CIN SUM

COUTA
B

EFYK
FULL_ADD

CYPO
TRI_INV_IF0

AMUV
TRI_INV_IF0

D

ENA

~{RESET}

Q

~{Q}

GUBO
DR_LATCH

D

ENA

~{RESET}

Q

~{Q}

CYXU
DR_LATCH

CETA
TRI_INV_IF0

1

2

AVOG
AND_2

BEJE
INVERTER_A

EHOR
INVERTER_A

1

2

ACEN
AND_2

BEBA
INVERTER_A

BP_SEL

FF40_D[0..7]

FF42

H[0..7]

FF43_D[0..7]

V[0..7]

TM_CY

~{PPU_HARD_RESET}

BP_CY

PPU_RD

~{MA[0..12]}

IN_WINDOW

D[0..7]

FF43

PPU_WR

FF42_D6

~{MA8}

V6

D7

FF42_D7

~{MA10}

~{MA9}

PPU_RD

D1

FF42_D2

FF42_D1

FF42_D6

FF43_D6

FF43

FF40_D3

V7

FF42

~{MA12}

D6

PPU_WR

PPU_RD

FF42_D5

D7

D6

FF42_D7

~{MA1}

D3

~{PPU_HARD_RESET}
D0

FF43_D7

D4

D5

D7
~{MA11}

PPU_WR

D0

FF42_D[0..7]

FF42_D0
V0

FF42_D1

D2

~{MA2}

~{MA3}

~{MA0}

~{MA5}

~{MA7}

~{MA6}

FF42_D2
V2

D3

D2

D1

FF42_D3
V3

D0

D4

FF42_D3

FF42_D4

D3

D5

FF42_D4
V4

FF42_D5
V5

D4

V1

D2

D1

~{PPU_HARD_RESET}

D5

FF43_D5

FF42_D0

D6

FF43_D4

H7
FF43_D7

FF43_D0

FF43_D1

D0

FF43_D[0..7]

FF43_D2

FF43_D3

D1

FF43_D0

FF43_D1
H1

FF43_D2

~{MA3}

FF43_D6
H6

D5

~{MA2}

D6

H5

D4

FF43_D5

~{MA4}

H0

~{MA1}

FF43_D4
H4

H2

~{MA0}

D7

D2

H3
FF43_D3

D3

FF43 SCX

FF42 SCY

EHOR
INVERTER_A

BUWY
INVERTER_A

ANYP
AND_2

1

2

CAVO
INVERTER_A

ASUL
AND_2

1

2

BAFY
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OAM B D[0..7] gives the sprite Y position during parsing and will determine if the sprite appears on the current line.
If it does, D[0..3] gets stored to define the offset in the sprite char.
During rendering, it will contain the Tile address which be used to fecth sprite char data in VRAM.

VONU is 2 CLK5 cycles behind TULY. Sprite bit plane fetching takes 8 cycles during which
TULY = '1' during cycle 2 and 3 and VONU = '1' during cycle 4 and 5.

WUTY
INVERTER_B

TAKA
NAND_LATCH

~{RESET} ~{Q}

Q~{SET}

VEKU
NOR_2

1

2

TEKY
AND_41

2
3
4

WOTA
NAND_6

1
2
3
4
5
6 GESE

INVERTER_A

RYCE
AND_2

1

2

SUDA
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

SOBU
DFFR_B2

CLK

~{RESET}
D ~{Q}

Q

RACA
AND_2

1

2

SUSE
INVERTER_A

XADO
INVERTER_A

ROZO
INVERTER_A

NYBE
INVERTER_A

PUCO
INVERTER_A

PEBY
INVERTER_A

WEFY
AND_2

1

2

VYWA
INVERTER_A

TOPU
AND_2

1

2

WENY
INVERTER_A

XUJA
INVERTER_A

TYSO
OR_2

1

2

TEXY
INVERTER_B

SAKY
NOR_2

1

2

VUSA
OR_2

1

2

TYNO
NAND_3

1
2
3

YSUM
INVERTER_A

YWOK
INVERTER_A

GNDYZAB
D_LATCH_A

D

ENA Q

~{Q}



1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2023-05-25
KiCad E.D.A. kicad 7.0.2-1.fc37

Rev: 0.6Size: A3
Id: 37/46

Title: DMG-CPU B

File: sprite_control.kicad_sch
Sheet: /PPU/SPRITE CONTROL/
CC-BY-SA-4.0 þÿ�R�é�g�i�sGalland & Michael Singer -- Derived work from Furrtek

https://github.com/msinger/dmg-schematics

1

2

CATO
OR_2

WEVA
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

CUXY
DFFR_B2

CYPY
INVERTER_A

GYSE
INVERTER_A

FEFO
INVERTER_A

WUDE
INVERTER_A

EWOT
INVERTER_A

BABA
INVERTER_A

WYLU
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

BEGO
DFFR_B2

1
2
3
4

DEWY
NAND_4

BALA
INVERTER_A

BYVY
INVERTER_A

BYDY
INVERTER_A

1
2
3
4

DOGU
NAND_4

ZUXE
INVERTER_A

CAMO
INVERTER_A

AHOF
INVERTER_A

ASYS
INVERTER_A

FOBO
INVERTER_A

DEHA
INVERTER_A

GERY
INVERTER_A

FUXU
INVERTER_A

GENY
INVERTER_A

XUXA
INVERTER_A

FYCU
INVERTER_A

EDEN
INVERTER_A

DYHU
INVERTER_A

1
2
3
4

CUPE
NAND_4

1

2

CEMY
OR_2

GECY
INVERTER_A

1

2

CADO
OR_2

CODE
INVERTER_A

CACU
INVERTER_A

1

2

GUVE
OR_2

ZAPU
INVERTER_A

ZAPE
INVERTER_A

1

2

CAKE
OR_2

AZYB
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

BESE
DFFR_B2

BEJY
INVERTER_A

BUCY
INVERTER_A

AKOL
INVERTER_A

CAPE
INVERTER_A

CAXU
INVERTER_A

EXYR
INVERTER_A

CYLA
INVERTER_A

WETU
INVERTER_A

BEDE
INVERTER_A

DUKE
INVERTER_A

1
2
3
4

CUGU
NAND_4

AVOZ
INVERTER_A

YFAG
INVERTER_A

ENOB
INVERTER_A

DOBY
INVERTER_A

FEKA
INVERTER_A

XYHA
INVERTER_A

1

2

BAKY
AND_2

WOFO
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

DYBE
DFFR_B2

DOFE
INVERTER_A

ZURU
INVERTER_A

WUSE
INVERTER_A

WUFA
INVERTER_A

DECU
INVERTER_A

BUZY
INVERTER_A

1
2
3
4

GEBU
NAND_4

1
2
3
4

DEZO
NAND_4

BYNO
INVERTER_A

WYXA
INVERTER_A

CLK

~{RESET}
D ~{Q}

Q

DEZY
DFFR_B2

WARA
INVERTER_A

EHEN
INVERTER_A

FAKA
INVERTER_A

FONE
INVERTER_A

1
2
3
4

GUNA
NAND_4

1
2
3
4

WOMU
NAND_4

1

2

XUJO
OR_2

WEKA
INVERTER_A

BUCO
INVERTER_A

1

2

BYBY
OR_2

1

2

WYXO
OR_2

DECE
INVERTER_A

CEXU
INVERTER_A

WABE
INVERTER_A

GYFO
INVERTER_A

WOME
INVERTER_A

EBEB
INVERTER_A

GYVO
INVERTER_A

1

2

CAHO
OR_2

1
2
3
4

FOCO
NAND_4

FUKE
INVERTER_A

BUKA
INVERTER_A

GUSA
INVERTER_A

BEKE
INVERTER_A

1

2

GAPE
OR_2

WUMA
INVERTER_A

ELYG
INVERTER_A

EKUD
INVERTER_A

1

2

CECU
OR_2

BYMY
INVERTER_A

ZESY
INVERTER_A

DYMO
INVERTER_A

1
2
3
4

CUVA
NAND_4

WEME
INVERTER_A

PPU_4MHz

SAVE_SPRITE_NUM[0..9]
SAVE_SPRITE_X[0..9]

SAVE_SPRITE_Y[0..9]

ATEJ

~{PPU_RESET}
~{SPRITE_SAVE_EN}

SAVE_SPRITE_NUM8

SAVE_SPRITE_NUM7

SAVE_SPRITE_X4

SAVE_SPRITE_Y3

SAVE_SPRITE_X7

SAVE_SPRITE_Y2

SAVE_SPRITE_NUM5

SAVE_SPRITE_NUM2

SAVE_SPRITE_NUM0

SAVE_SPRITE_NUM3

SAVE_SPRITE_Y5

SAVE_SPRITE_X0

SAVE_SPRITE_NUM1

SAVE_SPRITE_Y1

SAVE_SPRITE_X2

SAVE_SPRITE_X1

SAVE_SPRITE_Y0

SAVE_SPRITE_X5

SAVE_SPRITE_Y6

SAVE_SPRITE_X6

SAVE_SPRITE_NUM9

SAVE_SPRITE_Y9

SAVE_SPRITE_NUM6

SAVE_SPRITE_Y8

SAVE_SPRITE_X9

SAVE_SPRITE_Y4

SAVE_SPRITE_X8

SAVE_SPRITE_NUM4

SAVE_SPRITE_X3

SAVE_SPRITE_Y7

Sprite Counter: Number of sprites on 1 line limited to 10
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OAM A D[0..7] gives the sprite X position during parsing which gets stored if sprite is visible on the current line.
During rendering, it will contain the Tile attributes OAM/BG priority, Y&X flip, palette number.
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	DMA_ADDR_EXT
	D[0..7]
	NON_VRAM_MREQ
	READ
	T1~{T2}
	WRITE
	~{EXT_ADDR_EN}
	~{OAM_A_D[0..7]}
	~{OAM_B_D[0..7]}
	~{T1}T2

	Symbols
	BAPE
	BASA
	BASY
	BAXU
	BETU
	BOMO
	BUBO
	BUHU
	BUMA
	BUPY
	BYNY
	BYPY
	CAKO
	CEDE
	CYME
	D0
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	LAGU
	LAVO
	LEVO
	LULA
	LYRA
	LYWE
	MEXO
	MOCA
	MOTY
	NEVY
	PUVA
	RABY
	RAFY
	RALO
	RATU
	RAVU
	RAXY
	REDU
	RERA
	RESY
	ROGY
	ROME
	RONY
	ROPA
	RORU
	RORY
	RUJA
	RUNE
	RUPA
	RUVO
	RUXA
	RUZY
	RYBA
	RYDA
	RYKO
	RYMA
	RYPU
	RYVO
	SAFO
	SAGO
	SAJO
	SAZA
	SAZY
	SELO
	SERA
	SEVU
	SEZE
	SOCA
	SODY
	SOMA
	SUGU
	SUGY
	SULY
	SYSA
	SYWA
	SYZO
	TAJU
	TAMU
	TAPU
	TAVO
	TAWO
	TEDO
	TEHE
	TEMY
	TENU
	TEPE
	TOVO
	TUBE
	TUNE
	TUTE
	TUTY
	TYMU
	UBAL
	UGAC
	UJYV
	URUN
	USUF
	UVER
	WASA
	WEJO
	~{RD}
	~{WR}


	CLOCKS AND RESET (Page 6)
	Hierarchical Labels
	16384Hz
	262144Hz
	4096Hz
	512Hz
	65536Hz
	8192Hz
	APU_4MHz
	APU_PHI
	BOGA_1MHz
	BOMA_1MHz
	BUKE
	CLK_ENA
	CPU_EXT_CS_EN
	CPU_PHI
	CPU_RD
	CPU_T4
	CPU_WR
	CPU_WR_SYNC
	DATA_VALID
	DMA_PHI
	D[0..7]
	FF04_FF07
	FF60_D1
	MREQ
	OSC_ENA
	OSC_STABLE
	PPU_4MHz
	RESET
	RESET_LATCH
	T1~{T2}
	T1~{T2}
	WRITE
	~{A0}
	~{A1}
	~{CPU_PHI}
	~{CPU_T4}
	~{RESET2}
	~{T1}T2
	~{TEST_RESET}

	Symbols
	ABOL
	ABUZ
	ADAR
	ADEH
	ADYK
	AFAR
	AFAS
	AFEP
	AFER
	AFUR
	AGUT
	AJAX
	ALEF
	ALUR
	ALYP
	AMUK
	ANOS
	APOV
	APUK
	AREV
	AROV
	ARYS
	ASOL
	ATAG
	ATAL
	ATEZ
	ATYP
	AVET
	AVOR
	AWOD
	AZOF
	BALY
	BANE
	BAPY
	BASU
	BATE
	BAVY
	BAZE
	BEDO
	BEJA
	BEKO
	BELE
	BELO
	BELU
	BERU
	BEVA
	BOGA
	BOLO
	BOMA
	BUDE
	BUFA
	BUGO
	BUKE
	BUTO
	BUTY
	BUVU
	BYDA
	BYJU
	BYLY
	BYRY
	BYXO
	CK1_CK2
	DOVA
	PHI
	RAVE
	RYSO
	SAPY
	SAWA
	SEPU
	SOLA
	SUBU
	TABA
	TAGY
	TAKU
	TAMA
	TAPE
	TATU
	TAWU
	TEKA
	TEMU
	TERO
	TERU
	TOFE
	TUBO
	TUGO
	TULU
	TUSE
	UBOT
	UCOB
	UDOR
	UFOL
	UFOR
	UGOT
	UKET
	UKUP
	ULUR
	UMEK
	UMER
	UNER
	UNUT
	UNYK
	UPOF
	UPUG
	UPYF
	UREK
	UTOK
	UVYN
	UVYR
	UVYT
	ZAXY
	ZEME


	FF00 JOYP & FF60 (Page 7)
	Hierarchical Labels
	A[0..15]
	BOGA_1MHz
	CPU_RD
	CPU_WAKEUP
	CPU_WR
	D[0..7]
	FF60_D1
	FFXX
	INT_JP
	SER_OUT
	T1~{T2}
	~{RESET2}
	~{RESET2}
	~{RESET2}
	~{SIN}
	~{T1}T2

	Symbols
	ACAT
	ACEF
	AGEM
	AKUG
	AMUS
	AMUT
	ANAP
	APER
	APET
	APUG
	ASOK
	ATOZ
	AWOB
	BATU
	BURO
	BYKO
	BYZO
	CELA
	COFY
	CUDY
	JALE
	JEKU
	JEVA
	JUTE
	KABU
	KALE
	KAPA
	KARU
	KASY
	KECY
	KEJA
	KELY
	KEMA
	KENA
	KERU
	KERY
	KEVU
	KOCE
	KOLE
	KOLO
	KORE
	KORY
	KUKO
	KURA
	KURO
	KUVE
	KYBU
	KYHU
	KYME
	KYTO
	KYWE
	P10
	P11
	P12
	P13
	P14
	P15
	SIN
	SOUT


	FF01-02 SERIAL LINK (Page 8)
	Hierarchical Labels
	16384Hz
	A[0..15]
	CPU_RD
	CPU_WR
	D[0..7]
	FFXX
	INT_SERIAL
	SER_OUT
	XX00_XX07
	~{A0}
	~{A1}
	~{RESET2}
	~{SIN}

	Symbols
	CABY
	CAFA
	CAGE
	CALY
	CARO
	CAVE
	COBA
	COHY
	CORE
	COTY
	CUBA
	CUFU
	CUGY
	CULY
	CYDE
	CYLO
	DAJU
	DAKU
	DAME
	DASO
	DAWA
	DAWE
	DEGU
	DEHO
	DELA
	DETU
	DOCU
	DOJO
	DOLA
	DOVU
	DUDE
	DUMO
	DYBO
	DYGE
	DYLY
	DYRA
	EDEL
	EDER
	EDYL
	EFAB
	EFAK
	EFEF
	EGUV
	EHUJ
	EJAB
	ELOK
	ELUV
	ELYS
	EPYT
	EROD
	ETAF
	ETAK
	EVOK
	JAGO
	KEXU
	KUJO
	SANO
	SARE
	SCK
	SEFY
	UCOM
	UFEG
	URYS
	UWAM


	FF05-07 TIMER (Page 9)
	Hierarchical Labels
	16384Hz
	262144Hz
	4096Hz
	65536Hz
	A[0..15]
	BOGA_1MHz
	CPU_RD
	CPU_T4
	CPU_WR
	D[0..7]
	FF04_FF07
	FFXX
	INT_TIMER
	XX00_XX07
	~{A0}
	~{A1}
	~{RESET2}

	Symbols
	MEKE
	MERY
	MEXU
	MOBA
	MUGY
	MULO
	MURU
	MUZU
	NADA
	NERO
	NOLA
	NUGA
	NYDU
	NYKE
	NYKU
	PAGU
	PEDA
	PERU
	PETO
	PETU
	POVY
	PUSO
	PUXY
	PYMA
	PYRE
	RACY
	RAGE
	RATE
	RATO
	RAVY
	REFU
	REGA
	REPA
	REVA
	ROKE
	ROLU
	ROTE
	ROWU
	RUBY
	RUGY
	RYFO
	RYLA
	SABO
	SABU
	SALA
	SALU
	SAMY
	SAPU
	SARA
	SETA
	SETE
	SOCE
	SOGU
	SOKU
	SOMU
	SOPU
	SORA
	SOSY
	SOTU
	SUFY
	SUPE
	SUPO
	SURO
	SYRU
	TECY
	TEDA
	TEKO
	TOLA
	TOPE
	TOVY
	TUBY
	TYJU
	TYRU
	TYVA
	UKAP


	FF0F INT (Page 10)
	Hierarchical Labels
	A[0..15]
	CPU_IRQ[0..4]
	CPU_IRQ_ACK[0..4]
	CPU_RD
	CPU_WR
	D[0..7]
	FFXX
	INT_JP
	INT_SERIAL
	INT_STAT
	INT_TIMER
	INT_VBL_BUF
	~{RESET2}

	Symbols
	LALU
	LAMO
	LEJA
	LESA
	LETY
	LOPE
	LUFE
	LYTA
	MATY
	MODY
	MOPO
	MOVU
	MUXE
	MYZU
	NABE
	NABO
	NEJY
	NELA
	NUTY
	NYBO
	PADO
	PAVY
	PEGY
	POLA
	PYGA
	PYHU
	RAKE
	REFA
	ROLO
	ROTU
	ROVA
	SAPA
	SEME
	SEMY
	SULO
	TOGA
	TOME
	TUNY
	TYME
	UBUL
	ULAK


	APU (Page 11)
	Hierarchical Labels
	512Hz
	APU_4MHz
	APU_PHI
	A[0..15]
	BUKE
	CPU_RD
	CPU_T4
	CPU_WR
	D[0..7]
	FFXX
	T1~{T2}
	~{RESET2}


	APU DECODE (Page 12)
	Hierarchical Labels
	AMP_EN
	APU_WR
	A[0..15]
	CPU_RD
	CPU_T4
	CPU_WR
	FF10
	FF11
	FF12
	FF13
	FF14
	FF16
	FF17
	FF18
	FF19
	FF1A
	FF1B
	FF1C
	FF1D
	FF1E
	FF20
	FF21
	FF22
	FF23
	FF24
	FF25
	FF26
	FF3X
	FFXX
	NRx4_D6_WR
	~{AMP_EN}
	~{APU_RD}
	~{CH1_AMP_EN}
	~{CH2_AMP_EN}
	~{CH3_AMP_EN}
	~{CH4_AMP_EN}

	Symbols
	ABUB
	ACOL
	ACOM
	AFOB
	AGUZ
	ANUJ
	ASAD
	ATEG
	ATUP
	AVUN
	AWET
	BAFU
	BAKO
	BANU
	BARO
	BEZY
	BOGY
	BOXY
	BUNO
	CAFY
	CAXE
	CONA
	CORA
	COVO
	COVY
	CUGE
	DAFY
	DAMY
	DANU
	DARA
	DATU
	DAZA
	DECO
	DEJY
	DENO
	DEWA
	DOFA
	DONA
	DOSO
	DOXY
	DOZA
	DUCE
	DUFE
	DUGO
	DUJA
	DUNO
	DUPA
	DUPO
	DURA
	DUSA
	DUTU
	DUVU
	DYTE
	DYVA
	EDAF
	EGEN
	EKAG
	EKEZ
	EMAX
	EMOR
	EMOS
	ESOT
	ETUF
	EXAT
	FENY
	GANY
	GEFO
	TACE
	TYGU


	FF24 FF25 CH EN & VOL (Page 13)
	Hierarchical Labels
	APU_WR
	D[0..7]
	FF24
	FF25
	~{APU_RD}
	~{FF24_FF25_FF26_RESET}

	Symbols
	ADAK
	AGER
	AKOD
	AMAD
	ANEV
	APEG
	APOS
	ARUX
	ATUF
	ATUM
	AVUD
	AWED
	AXEM
	BAFO
	BAXY
	BEDU
	BEFO
	BEFU
	BEPU
	BOCA
	BOCY
	BOFA
	BOGU
	BONO
	BOSU
	BOWE
	BUME
	BUMO
	BUPO
	BUZU
	BYFA
	BYGA
	BYMA
	BYRE
	CADA
	CAGA
	CAPU
	CAVU
	CERE
	COZU
	CUDU
	GEPA
	GUMU
	HEFA


	FF26 APU CLOCKS & RESETS (Page 14)
	Hierarchical Labels
	512Hz
	AJER_2MHz
	APU_4MHz
	APU_RESET
	APU_WR
	BUFY_256Hz
	BYFE_128Hz
	CATE_128Hz
	CH1_1MHz
	CH2_1MHz
	CH3_2MHz
	CH4_1MHz
	D[0..7]
	FF1A_RD
	FF26
	FF26_D4_B
	HAMA_512KHz
	HORU_512Hz
	JESO_512K
	T1~{T2}
	~{APU_RD}
	~{APU_RESET2}
	~{APU_RESET4}
	~{APU_RESET5}
	~{APU_RESET6}
	~{APU_RESET}
	~{CH1_ACTIVE}
	~{CH2_ACTIVE}
	~{CH3_ACTIVE}
	~{CH4_ACTIVE}
	~{FF24_FF25_FF26_RESET}
	~{RESET2}

	Symbols
	AFAT
	AGUR
	AJER
	APEF
	APUV
	ARYF
	ATEP
	ATUS
	ATYK
	ATYV
	AVOK
	AZEG
	BARA
	BARU
	BATA
	BAVU
	BAZA
	BELA
	BEZE
	BOPO
	BOPY
	BOWY
	BUFO
	BUFY
	BULE
	BURE
	BUWE
	BYFE
	BYHO
	BYLU
	CALO
	CARU
	CATE
	CELY
	CEMO
	CEPO
	CERY
	CETO
	COFU
	COKE
	CONE
	COTO
	CULO
	CURU
	CYBO
	DAPA
	DOLE
	DURU
	DYFA
	EDEK
	EFOP
	EFUS
	ETUC
	FATE
	FERO
	FEWA
	FYNE
	GALE
	GAXO
	GEXY
	GUFO
	HADA
	HAMA
	HAPO
	HAWU
	HOPE
	HORU
	JESO
	JURE
	JYRO
	KAME
	KAMU
	KAZO
	KEBA
	KEPY
	KOGE
	KUBY
	KYDU


	CH1 REGS (Page 15)
	Hierarchical Labels
	ACC_D[0..10]
	APU_PHI
	APU_RESET
	APU_WR
	CH1_1MHz
	CH1_FDIS
	CH1_FREQ_UPD1
	CH1_FREQ_UPD2
	CH1_FRST
	CH1_FTICK
	CH1_RESTART
	CH1_START
	D[0..7]
	FF10
	FF11
	FF11_D[6..7]
	FF12
	FF12_D[0..7]
	FF13
	FF14
	FF14_D6
	FF26_D4_B
	NRx4_D6_WR
	SUM[0..10]
	~{APU_RD}
	~{APU_RESET6}
	~{APU_RESET}
	~{FF10_D[0..6]}
	~{FF11_D[6..7]}
	~{FF12_D[0..3]}
	~{FF14_D6}

	Symbols
	ADEK
	AFEG
	AFOX
	AJUX
	AKUX
	AMAC
	AMYD
	ANAZ
	APAJ
	ARAX
	ASOP
	ATAX
	ATYN
	AVAF
	AVEK
	AWOS
	AXAN
	AZYP
	BAGE
	BALE
	BAMU
	BANA
	BANY
	BASO
	BEXU
	BOFU
	BOKO
	BOTU
	BOVU
	BOWO
	BOXU
	BUDA
	BUDO
	BUGU
	BUWA
	BUZE
	BYFU
	BYSU
	BYTU
	CACA
	CAMY
	CEGE
	CENA
	CENU
	COPU
	COVU
	CUDA
	CURE
	CYHO
	DADO
	DAKO
	DAXA
	DEBY
	DEGA
	DEKE
	DEMU
	DEPU
	DERU
	DEXO
	DOGE
	DOPA
	DUKA
	DULO
	DUPE
	DUPY
	DYCA
	DYGY
	DYLA
	DYLU
	DYPU
	EDUL
	EFOR
	EJYF
	EKOV
	ELER
	ELUF
	EMAR
	EMUS
	EPYK
	ESEL
	ETOK
	ETOL
	ETUV
	EVAB
	EVAJ
	EVAK
	EZEC
	FEGA
	FELY
	FEVA
	FOKE
	FOPU
	FORU
	FOZE
	FULE
	FULO
	FUME
	GAGO
	GAMO
	GATO
	GAXE
	GAXU
	GEFU
	GEKU
	GETA
	GODE
	GOJE
	GOLO
	GOPE
	GULU
	GYFU
	GYLU
	HAFU
	HAMY
	HATO
	HAVO
	HAXE
	HEVE
	HEWA
	HOCU
	HOLU
	HONO
	HOPO
	HOWU
	HYFE
	HYKA
	HYKE
	HYXU
	JACA
	JAFY
	JATY
	JAXO
	JEMA
	JENA
	JOKU
	JOMA
	JOPU
	JULO
	JUSA
	JUZY
	JYKA
	JYNE
	JYSE
	JYTY
	KAJU
	KAPO
	KARY
	KAVO
	KOPU
	KOVU
	KUMO
	KYFU
	KYNA
	KYPA
	KYPE
	KYVU


	CH1 SWEEP (Page 16)
	Hierarchical Labels
	ACC_D[0..10]
	APU_RESET
	CH1_LD_SUM
	CH1_RESTART
	CH1_SHIFT_CLK
	SUM[0..10]
	~{CH1_LD_SHIFT}
	~{CH1_SUM_OVFL}
	~{FF10_D[0..6]}

	Symbols
	AFUG
	AFUX
	AFYR
	AGEZ
	AGOR
	APAT
	ARYL
	ATYS
	AVUF
	BAPU
	BECY
	BEGE
	BEJU
	BEKU
	BESO
	BEWO
	BOJO
	BUVO
	BYLE
	BYRU
	CALE
	CORU
	CULU
	CYBE
	CYKY
	DACE
	DEBO
	DEFA
	DELE
	DEVA
	DEXE
	DOFY
	DOLY
	DOZY
	DULE
	DYME
	DYXE
	EDOK
	EJYB
	EKEM
	ELUX
	ENOK
	EPYR
	EREG
	ETEK
	ETER
	EVOF
	EXAC
	EXAP
	EZUK
	FABU
	FAJA
	FAXO
	FEDO
	FEGO
	FOHY
	FUDE
	FURE
	GALO
	GELA
	GELE
	GEVA
	GOGA
	GOLY
	GOPO
	GOVO
	GUXA
	GYLO
	GYME
	HALU
	HAWY
	HEFY
	HELE
	HEXO
	HOBU
	HOLA
	HOPA
	HORA
	HOXE
	HOZU
	HUNY
	HYVU
	JADO
	JAPE
	JEFA
	JEHY
	JETE
	JOCY
	JODE
	JOLU
	JORY
	JOTA
	JUJU
	JULE
	JUTA
	JYME
	KABA
	KAPE
	KARE
	KAXY
	KEDO
	KEFE
	KEKE
	KETO
	KEVY
	KOKO
	KOLA
	KOVO
	KYBO
	KYNY
	KYRY


	CHANNEL 1 (Page 17)
	Hierarchical Labels
	AJER_2MHz
	AJER_2MHz
	APU_RESET
	APU_WR
	BUFY_256Hz
	BYFE_128Hz
	CATE_128Hz
	CH1_1MHz
	CH1_FDIS
	CH1_FREQ_UPD1
	CH1_FREQ_UPD2
	CH1_FRST
	CH1_FTICK
	CH1_LD_SUM
	CH1_RESTART
	CH1_SHIFT_CLK
	CH1_START
	D[0..7]
	FF11
	FF11_D[6..7]
	FF12_D[0..7]
	FF14_D6
	FF26_D4_B
	HORU_512Hz
	~{APU_RESET6}
	~{CH1_ACTIVE}
	~{CH1_AMP_EN}
	~{CH1_LD_SHIFT}
	~{CH1_SUM_OVFL}
	~{FF10_D[0..6]}
	~{FF11_D[6..7]}
	~{FF12_D[0..3]}
	~{FF14_D6}

	Symbols
	ACEG
	ADAD
	AGOF
	AMOP
	ASON
	ATAT
	ATUV
	BACY
	BAVE
	BEPE
	BERY
	BEXA
	BOJE
	BOKA
	BONE
	BORO
	BOTO
	BOVY
	BUGE
	BUGY
	BURY
	BUSO
	BYRA
	BYTE
	CAJA
	CALA
	CANU
	CAPY
	CARA
	CAVA
	CAVY
	CAXO
	CAXY
	CELE
	CERO
	CEVU
	CODO
	COMY
	COPA
	COPE
	COPY
	CORY
	COSO
	COWE
	COZE
	CUNO
	CUPO
	CURA
	CUSO
	CYFA
	CYLU
	CYMU
	CYPU
	CYTE
	CYTO
	DACU
	DAFA
	DAJO
	DAPE
	DAPU
	DODY
	DOKA
	DUNA
	DUVO
	DUWO
	DYRU
	EGET
	EGOR
	EGYP
	ENEK
	EPUK
	ERAM
	EROS
	ERUM
	ESUT
	EVOL
	EZOZ
	FARE
	FEKU
	FEMU
	FEMY
	FYFO
	FYTE
	GEFE
	GEPU
	GEXU
	HAFO
	HAKE
	HANO
	HEMY
	HESU
	HETO
	HEVO
	HOCA
	HOKO
	HUFU
	HYTO
	JADE
	JOLA
	JONE
	JOVA
	JUFY
	KADO
	KAKE
	KALA
	KALY
	KAZA
	KEKO
	KENU
	KERA
	KERE
	KEZU
	KOMA
	KORO
	KORU
	KOTE
	KOZY
	KUKU
	KURY
	KUXU
	KYNO


	CH2 REGS (Page 18)
	Hierarchical Labels
	APU_PHI
	APU_RESET
	APU_WR
	CH2_1MHz
	CH2_FDIS
	CH2_FRST
	CH2_FTICK
	CH2_RESTART
	CH2_START
	D[0..7]
	FF16
	FF16_D[6..7]
	FF17
	FF17_D[0..7]
	FF18
	FF19
	FF19_D6
	FF26_D4_B
	NRx4_D6_WR
	~{APU_RD}
	~{APU_RESET2}
	~{FF16_D[6..7]}
	~{FF17_D[0..3]}
	~{FF19_D6}

	Symbols
	BACU
	BAMY
	BERA
	BYGO
	CAMA
	CECY
	CEKA
	COGU
	CORO
	CYVO
	CYWU
	DAXU
	DERA
	DETA
	DOCA
	DONE
	DOPE
	DOSA
	DUJU
	DUSO
	DYNU
	EDEP
	EMER
	ENUF
	EROG
	ETAP
	EVYF
	EXUC
	EZOF
	FAJY
	FAPE
	FAVA
	FAZO
	FEDY
	FEGU
	FERY
	FOFE
	FOGE
	FOME
	FORA
	FORE
	FOSE
	FOVA
	FUTY
	FUXO
	FYRY
	GADO
	GADU
	GAGE
	GAKY
	GALA
	GANE
	GANO
	GATA
	GAZO
	GENE
	GERE
	GERO
	GEXA
	GOCA
	GODA
	GOJY
	GOTE
	GUFE
	GUMY
	GUPU
	GURA
	GURE
	GURU
	GUZA
	GYPA
	HAVA
	HAVU
	HEPU
	HERE
	HERO
	HEVY
	HORE
	HORO
	HUDE
	HUMA
	HUNA
	HUPE
	HUVU
	HYFU
	HYPO
	HYRE
	HYRY
	JANY
	JARO
	JEFU
	JEKE
	JENU
	JUPY
	JYBU
	KYPU


	CHANNEL 2 (Page 19)
	Hierarchical Labels
	APU_RESET
	APU_WR
	BUFY_256Hz
	BYFE_128Hz
	CH2_1MHz
	CH2_FDIS
	CH2_FRST
	CH2_FTICK
	CH2_RESTART
	CH2_RESTART
	CH2_START
	D[0..7]
	FF16
	FF16_D[6..7]
	FF17_D[0..7]
	FF19_D6
	FF26_D4_B
	HORU_512Hz
	~{APU_RESET2}
	~{CH2_ACTIVE}
	~{CH2_AMP_EN}
	~{FF16_D[6..7]}
	~{FF17_D[0..3]}
	~{FF19_D6}

	Symbols
	AGET
	AGYN
	AKYD
	AMOV
	ANAN
	ANYV
	ARES
	ASOG
	ASYP
	BENY
	BODO
	BONU
	BUKO
	BUTA
	BUVA
	BYMO
	CAGY
	CAME
	CANO
	CAZA
	CELO
	CERA
	CEXE
	CONU
	CULE
	CYRE
	CYSE
	DALA
	DANE
	DARE
	DAVU
	DEFU
	DEME
	DOJU
	DOME
	DOMO
	DORA
	DORY
	DOVE
	DOXA
	DUGE
	DYMU
	DYRO
	DYTA
	DYVE
	EGOG
	ELOX
	EMYR
	ERAT
	ERYC
	ESYK
	ETUK
	ETUP
	EXES
	FARU
	FENA
	FENO
	FETE
	FOMY
	FOPY
	FUJY
	FUTE
	FYRE
	GADE
	GAFA
	GALU
	GUFY
	GYKO
	GYRE
	HAFE
	HEPO
	HOFO
	HOLY
	HOTA
	HYLE
	HYLY
	HYPA
	JAKE
	JEME
	JEVY
	JONA
	JOPA
	JORE
	JUPU
	JYNA
	KATY
	KENE
	KYLO
	KYVO


	CH3 REGS (Page 20)
	Hierarchical Labels
	AJER_2MHz
	APU_PHI
	APU_RESET
	APU_WR
	APU_WR
	APU_WR
	BUFY_256Hz
	CH3_2MHz
	CH3_ACTIVE
	CH3_FRST
	CH3_FTICK
	CH3_RESTART
	D[0..7]
	FF1A
	FF1A_RD
	FF1B
	FF1C
	FF1C_D[5..6]
	FF1D
	FF1E
	FF26_D4_B
	NRx4_D6_WR
	~{APU_RD}
	~{CH3_ACTIVE}
	~{CH3_AMP_EN}
	~{FF1C_D[5..6]}

	Symbols
	CALU
	COKA
	DAVO
	DERY
	DORU
	DOVO
	EGAD
	EMUT
	EPYX
	ERED
	EZAS
	FABO
	FAJU
	FAKO
	FALU
	FASY
	FAVE
	FENE
	FEVO
	FEXU
	FOBA
	FORO
	FORY
	FOVO
	FOZU
	FURY
	FUVA
	FUVO
	FYGO
	FYRU
	GAJY
	GAPO
	GARA
	GATU
	GAVU
	GAWA
	GAZE
	GEDO
	GEJO
	GEKO
	GEMO
	GENU
	GEPY
	GETO
	GEVO
	GOFY
	GOMA
	GORY
	GOVE
	GUDA
	GUGU
	GULO
	GUNU
	GURO
	GUTE
	GUXE
	GYGU
	GYRA
	GYTA
	HACA
	HAGA
	HAMU
	HEFO
	HEKY
	HENU
	HERA
	HODY
	HOTO
	HOVO
	HOXA
	HUCO
	HUDA
	HUFO
	HUKY
	JACY
	JAFA
	JAPU
	JAXA
	JEFE
	JEMO
	JERA
	JETY
	JEZA
	JOFO
	JOTU
	JOVE
	JOVY
	JUDE
	JUKE
	JURA
	JUTY
	JUVY
	JYPO
	KAFO
	KAFU
	KAMY
	KANA
	KASO
	KEJU
	KEMU
	KENO
	KEPA
	KESE
	KESY
	KEZA
	KOGA
	KOGU
	KOPY
	KORA
	KOTA
	KUHA
	KUNU
	KUPE
	KUTU
	KYGU
	KYKO
	KYRU


	CH3 WAVE RAM (Page 21)
	Hierarchical Labels
	APU_4MHz
	APU_RESET
	APU_WR
	A[0..15]
	BUKE
	CH3_2MHz
	CH3_ACTIVE
	CH3_FRST
	CH3_FTICK
	CH3_RESTART
	D[0..7]
	FF1C
	FF1C_D[5..6]
	FF26_D4_B
	FF3X
	~{APU_RD}
	~{FF1C_D[5..6]}

	Symbols
	ABUR
	ACOR
	ADOK
	AFUM
	AGYL
	AKAF
	ALER
	AMYT
	ARUC
	ATEC
	ATOK
	ATUR
	AXOL
	AZET
	AZOR
	AZUS
	BACA
	BADE
	BAMA
	BANO
	BARY
	BATY
	BAVA
	BEGU
	BELY
	BENA
	BENO
	BEPA
	BERO
	BETA
	BEZU
	BOKE
	BOLE
	BOPA
	BORA
	BORU
	BORY
	BOXO
	BUDY
	BUKU
	BUNE
	BUSA
	BUTU
	BYKA
	BYZA
	CAZU
	CEGU
	CESY
	CEVO
	COPO
	COZY
	CUGO
	CUTO
	CUVO
	CUZO
	CYFO
	DATE
	DAZY
	DERO
	DESA
	DESY
	DOKY
	DORE
	DUGU
	EFAL
	EFAR
	EFUZ
	ERUS
	ETAN
	EVUG
	EXEL
	EZAG
	FANA
	FAPY
	FARO
	FERA
	FETY
	FOTE
	FOTO
	GAFU
	GASE
	GEGE
	GEMY
	GENO
	GOKA
	GYRY
	HEMA
	HONY
	HUNO
	HUPA
	HYFO
	JECO
	WAVE_RAM
	YBOR
	YCUX
	YDEZ
	YDOD
	YFUX
	YGEF
	YHEJ
	YJEJ
	YLAC
	YMAW
	YMUL
	YNUR
	YNYS
	YRAR
	YSOD
	YTYL
	YVOP
	YZEG


	CH4 REGS (Page 22)
	Hierarchical Labels
	APU_PHI
	APU_RESET
	APU_WR
	BUFY_256Hz
	CH4_ACTIVE
	CH4_EG_TEST
	CH4_FDIS
	CH4_RESTART
	D[0..7]
	FF20
	FF21
	FF21_D[0..7]
	FF22
	FF22_D[3..7]
	FF23
	FF26_D4_B
	HAMA_512KHz
	NOISE_COUNTER_BYPASS
	NOISE_COUNTER_CLK
	NRx4_D6_WR
	~{APU_RD}
	~{APU_RESET4}
	~{APU_RESET5}
	~{CH4_ACTIVE}
	~{CH4_AMP_EN}
	~{FF21_D[0..3]}
	~{FF22_D[0..6]}

	Symbols
	ATEL
	BAGU
	BARE
	BEFA
	BOFY
	BOXE
	BYLO
	CABE
	CAZE
	CAZO
	CEDO
	CEPY
	COCE
	COMO
	COSA
	COTE
	CUNY
	CURY
	CUWA
	CUZU
	DACO
	DANO
	DEMY
	DENA
	DODA
	DOPU
	DOTU
	DULU
	DYRY
	EDOP
	EFOT
	EMOK
	EPEK
	ETYJ
	EZYK
	FALE
	FAVY
	FEBY
	FEGY
	FETA
	FEXO
	FOXE
	FUGO
	FURU
	FYLO
	FYTO
	GAFO
	GAKA
	GAPY
	GARU
	GASO
	GATY
	GEDA
	GEDU
	GEKY
	GENA
	GETU
	GEVY
	GODU
	GOGO
	GOKO
	GOKY
	GOME
	GONE
	GONY
	GORA
	GOXO
	GOZO
	GUGO
	GUZY
	GYPE
	GYSU
	HACU
	HAPU
	HAPY
	HASU
	HAZO
	HEDA
	HELU
	HERY
	HEZE
	HOGA
	HOGE
	HOSO
	HUMO
	HYNE
	JAKY
	JAMY
	JARE
	JERO
	JERY
	JORA
	JUWA
	KAGE
	KAKU
	KAMO
	KEKA
	KETA
	KOKU
	KUHU
	KYRO
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	Hierarchical Labels
	APU_RESET
	BYFE_128Hz
	CH4_1MHz
	CH4_ACTIVE
	CH4_EG_TEST
	CH4_FDIS
	CH4_RESTART
	FF21_D[0..7]
	FF22_D[3..7]
	HORU_512Hz
	HORU_512Hz
	JESO_512K
	NOISE_COUNTER_BYPASS
	NOISE_COUNTER_CLK
	~{APU_RESET4}
	~{FF21_D[0..3]}
	~{FF22_D[0..6]}

	Symbols
	ABEL
	AKOF
	ALOP
	APYR
	BAWA
	BOKY
	BOZA
	BUXO
	BYZY
	CARY
	CEXO
	COFE
	CUNA
	CUTY
	DALE
	DAPY
	DARO
	DARY
	DATO
	DEKO
	DEMO
	DERE
	DETE
	DOGO
	DOKE
	DOSE
	DOTA
	DUBO
	DUDU
	DURE
	EDYF
	EJEX
	ELAF
	ELAR
	ELYX
	EMET
	EMOF
	ENEC
	ENUR
	EPOR
	EROX
	ERUT
	ERYF
	ESEP
	ETAR
	ETAT
	ETEF
	ETOV
	ETYR
	EVER
	EVUR
	EZEF
	EZUL
	FATY
	FEKO
	FELO
	FEME
	FERU
	FOLE
	FOSY
	FOWA
	FURA
	FYNO
	FYRO
	GAME
	GARY
	GEPO
	GEXE
	GOFU
	GOGE
	GOPA
	GUFA
	GUNY
	GYBA
	GYVE
	HAPE
	HENO
	HEPA
	HEZU
	HORY
	HUCE
	HURA
	HURY
	HYNO
	HYRO
	JAJU
	JAVO
	JEPE
	JOTO
	JUXE
	JYCO
	JYFU
	JYJA
	JYRE
	KANU
	KARA
	KAVU
	KETU
	KOMU
	KONY
	KOPA
	KUTA
	KUZY
	KYKU
	KYWY
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	Hierarchical Labels
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	8192Hz
	A[0..15]
	CPU_EXT_CS_EN
	CPU_RD
	CPU_T4
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	CPU_WR_SYNC
	DMA_ADDR_EXT
	DMA_A[0..15]
	DMA_PHI
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	FEXX
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	INT_STAT
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	WRITE
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	~{RESET2}
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	FF47
	FF48
	FF49
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	PPU_HARD_RESET
	PPU_RD
	PPU_WR
	~{PPU_4MHz}
	~{PPU_HARD_RESET}
	~{PPU_RESET}
	~{RESET2}

	Symbols
	AJAS
	ALET
	ASOT
	CUNU
	CUPA
	DULA
	DYKY
	TEGO
	VAHA
	VAMA
	VARY
	VATO
	VOCA
	VOKE
	VUMY
	VYGA
	VYRE
	VYXE
	WADO
	WAGE
	WALO
	WARU
	WATE
	WAVU
	WEBU
	WEPO
	WERA
	WERO
	WESA
	WETA
	WETY
	WEXU
	WOFA
	WOKY
	WORU
	WUKA
	WUTU
	WYBO
	WYCE
	WYJU
	WYLE
	WYMO
	WYPO
	WYVO
	XAFO
	XALY
	XAPO
	XARE
	XARO
	XAVY
	XAYO
	XAYU
	XEBE
	XEBU
	XECY
	XEDA
	XENO
	XERA
	XERO
	XODO
	XOGY
	XOLA
	XONA
	XORE
	XUBO
	XURE
	XUSY
	XUVA
	XYLO
	XYMO


	VRAM INTERFACE (Page 26)
	Hierarchical Labels
	A[0..15]
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	FEXX_FFXX
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	MODE3
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	SP_BP_CYS
	SP_BP_CYS
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	TACU
	TM_BP_CYS
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	~{PPU_HARD_RESET}
	~{TM_BP_CYS}

	Symbols
	APAM
	LACA
	LALO
	LEFA
	LEXE
	LOLY
	LOZU
	LUBY
	LUVO
	MA0
	MA1
	MA10
	MA11
	MA12
	MA2
	MA3
	MA4
	MA5
	MA6
	MA7
	MA8
	MA9
	MASA
	MAVU
	MD0
	MD1
	MD2
	MD3
	MD4
	MD5
	MD6
	MD7
	MEPA
	MEWY
	MUME
	MYFU
	MYRE
	MYSA
	NUVA
	PEDU
	PONY
	RABO
	RACO
	RACU
	RADA
	RADY
	RAGU
	RAHU
	RAJU
	RAKU
	RARE
	RAWA
	RAZO
	REBA
	REFO
	REGE
	REHO
	REKU
	RELA
	REMO
	RENA
	RERY
	RESE
	RETA
	REVO
	REVU
	REXU
	ROCE
	ROCY
	RODU
	RODY
	ROFA
	ROKO
	RONA
	RONU
	ROPU
	ROPY
	RORO
	ROSU
	ROTA
	ROVE
	RUBE
	RUGA
	RUJO
	RUKY
	RULY
	RUMA
	RUMO
	RUMU
	RUNA
	RUNO
	RUPY
	RURA
	RUSE
	RUTE
	RUVY
	RYBU
	RYDO
	RYJE
	RYKY
	RYLU
	RYNA
	RYRO
	RYSU
	RYTY
	RYZE
	SAKO
	SALE
	SAME
	SAMO
	SANA
	SAWU
	SAZO
	SAZU
	SEBY
	SEDO
	SEFA
	SEFU
	SEJY
	SEKE
	SEMA
	SERE
	SEWO
	SOFY
	SOGO
	SOHO
	SOHY
	SOKY
	SOSE
	SOTE
	SOTO
	SUDO
	SUKE
	SUMO
	SUNA
	SUTU
	SUZA
	SYBU
	SYCY
	SYMA
	SYNU
	SYSY
	TAGO
	TAVY
	TAXY
	TEFA
	TEFY
	TEGU
	TEME
	TEWU
	TODE
	TOFA
	TOKU
	TOLE
	TUCA
	TUJA
	TUJY
	TUTO
	TYGO
	TYJA
	TYJY
	TYVY
	VODE
	VOVA
	XAKY
	XANE
	XECA
	XEDU
	XOBA
	XODY
	XOPO
	XUXU
	XYBO
	XYNE
	~{MCS}
	~{MRD}
	~{MWR}
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	Hierarchical Labels
	4096Hz
	8192Hz
	ATEJ
	FF40_D[0..7]
	HCLK
	INT_VBL
	MODE3
	OAM_PARSE_A[2..7]
	OAM_PARSING
	OAM_RENDERING
	OAM_RENDERING2
	PPU_4MHz
	SPRITE_Y_MATCH
	STOP_OAM_PARSING
	VCLK
	VCLK2
	V[0..7]
	XOCE
	XUPY
	XYSO
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	~{PPU_RESET}
	~{PPU_RESET}
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	~{V_RESET}

	Symbols
	ABAF
	ABEZ
	ABOV
	ALES
	ANEL
	ANOM
	ASEN
	ATAR
	ATEJ
	AVAP
	AWOH
	AZEM
	BAGY
	BALU
	BEBU
	BESU
	BUZA
	BYBA
	BYHA
	BYJO
	CARE
	CATU
	CEHA
	CENO
	CPG
	CPL
	DOBA
	DYTY
	ELYN
	FAHA
	FETO
	FONY
	FR
	GAVA
	GOSO
	KAHE
	KASA
	KEBO
	KEDY
	KOFO
	KUPA
	KYMO
	LAMA
	LEBE
	LOFU
	LUCA
	LYFE
	LYHA
	MAGU
	MECO
	MEDA
	MUDE
	MURE
	MYTA
	NAPO
	NERU
	NOKO
	NYPE
	PARU
	POGU
	POPU
	PURE
	RUTU
	RYNO
	S
	SANU
	SAXO
	SELA
	SONO
	SUDE
	SYGU
	TAFY
	TAHA
	TALU
	TEBO
	TECE
	TEGY
	TELU
	TOCU
	TOZU
	TUDA
	TUJU
	TYPO
	TYRY
	UMOB
	USEC
	VATE
	VENA
	VEPE
	VOKU
	VUTY
	VYZO
	WEWY
	WOJO
	WOSU
	WUVU
	XOCE
	XOTA
	XUPY
	XYFY
	XYSO
	XYVA
	XYVO
	YFEL
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	CLKPIPE
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	FF41
	FF44
	FF45
	HCLK
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	H_RESET
	INT_STAT
	INT_VBL
	INT_VBL_BUF
	MODE2
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	PPU_HARD_RESET
	PPU_RD
	PPU_WR
	PX9
	SPRITE_X_MATCH
	STOP_MODE3
	STOP_OAM_PARSING
	VCLK
	VCLK2
	V[0..7]
	~{H[0..7]}
	~{PPU_4MHz}
	~{V_RESET}

	Symbols
	ABEF
	ACAM
	ADAZ
	AHAL
	AMEL
	APUX
	ASAH
	AZUB
	LAFO
	LEMA
	LEXA
	LOVU
	LYCO
	LYDO
	MATO
	MUWY
	MYFA
	MYRO
	PAGO
	PALY
	POFO
	POTE
	PUFY
	PUPU
	PUZO
	RACE
	RAHA
	RAPE
	RASY
	RAZU
	REDA
	REDY
	REFE
	RETU
	ROKU
	ROPO
	ROXE
	RUFO
	RUGU
	RUPO
	RYBO
	RYJU
	RYME
	RYVE
	SADU
	SAKE
	SALO
	SASY
	SAVY
	SEDY
	SEGO
	SEPA
	SOTA
	SOVU
	SUBO
	SUKO
	SURY
	SYBE
	SYFU
	SYRY
	TADY
	TAKO
	TAPA
	TARU
	TEBY
	TERY
	TOBE
	TOCA
	TOLU
	TUCY
	TUHU
	TUKY
	TUVA
	TYBA
	TYDE
	TYGE
	TYKU
	VAFA
	VAFE
	VARO
	VAVE
	VAZU
	VEGA
	VEVO
	VOGA
	VOJO
	VOTY
	VOZE
	VUCE
	VYNE
	VYPU
	WAFU
	WAMA
	WANE
	WATA
	WAVO
	WEGO
	WEKU
	WESY
	WEZE
	WODU
	WOJY
	WUGA
	WURY
	WUSA
	WUVA
	XAGA
	XAJO
	XANO
	XATY
	XEGY
	XEHO
	XENA
	XEPO
	XODU
	XORA
	XOWO
	XUCE
	XUFA
	XUGU
	XUHY
	XUKE
	XYDO
	XYLE
	XYLY
	XYMU
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	BP_CY
	BP_SEL
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	FF43_D[0..7]
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	IN_WINDOW
	PPU_RD
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	Symbols
	ABOD
	ACEN
	ACUL
	AFEB
	AJAN
	ALEL
	AMUN
	AMUV
	ANYP
	APYH
	ARUR
	ASUL
	ASUM
	ATAD
	AVOG
	AXAD
	AXEP
	BABE
	BAFY
	BAKE
	BEBA
	BEDY
	BEHU
	BEJE
	BEMY
	BEWY
	BOFO
	BUWY
	BYCA
	CABU
	CASE
	CASY
	CATA
	CAVO
	CEDU
	CETA
	COLY
	COVE
	COXO
	CUGA
	CUSA
	CUZY
	CYPO
	CYXU
	DABA
	DAFE
	DAHU
	DATY
	DEDE
	DODE
	DOTO
	DOXE
	DUHO
	DUZU
	ECAB
	EDOS
	EFYK
	EHOR
	EJOK
	EKOB
	EMUX
	ETAM
	EVAD
	FAFO
	FEZU
	FOHA
	FOTY
	FUJO
	FUNY
	FYMO
	GAVE
	GOBA
	GODO
	GONU
	GUBO
	GUNE
	GYZA
	GYZO
	WARE
	WONY
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	Hierarchical Labels
	BP_CY
	BP_SEL
	D[0..7]
	FF40_D[0..7]
	FF4A
	FF4B
	HCLK
	H[0..7]
	INT_VBL
	IN_WINDOW
	PPU_HARD_RESET
	PPU_RD
	PPU_RESET2
	PPU_WR
	TM_CY
	V[0..7]
	WXY_MATCH
	WX_CLK
	~{MA[0..12]}
	~{PPU_RESET}
	~{WX_RST}

	Symbols
	LOKA
	LOLE
	LOVA
	MARA
	MARE
	MEBY
	MEGA
	MELA
	MELE
	MERA
	MOKO
	MUFE
	MUKA
	MULY
	MUVO
	MYCE
	MYLO
	MYPA
	MYPU
	NAFU
	NAGA
	NAZE
	NELE
	NENE
	NESO
	NEVU
	NEZO
	NOFE
	NOGY
	NOJO
	NOKE
	NONO
	NORY
	NUFA
	NUKA
	NUKO
	NUKU
	NULO
	NUPA
	NUTA
	NYRO
	NYTU
	PAFU
	PAGA
	PALO
	PASE
	PEBO
	PELA
	PEZO
	PODA
	POLO
	POMO
	PUHO
	PUKY
	PUNU
	PUWU
	PYGU
	PYRY
	REJO
	REPU
	ROGE
	SARY
	SYNY
	TATE
	TAXA
	TEKE
	TOZO
	TUFU
	VACE
	VEFU
	VEHA
	VEVY
	VEZA
	VOGU
	VOMY
	VOVO
	VOXU
	VUJO
	VULO
	VYCU
	VYMU
	VYNO
	VYTO
	WALU
	WAWE
	WAXU
	WAZY
	WEKO
	WOBO
	WODY
	WOLU
	WUDO
	WUJU
	WUKO
	WUZA
	WYKA
	WYKO
	WYZE
	XAHE
	XAMO
	XEJA
	XEZE
	XOLO
	XONU
	XUCY
	XULO
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	ATEJ
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	BP_SEL
	CLKPIPE
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	H[0..7]
	H_RESET
	IN_WINDOW
	LYRY
	MODE3
	PPU_RESET2
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	WX_CLK
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	~{PPU_RESET}
	~{TM_BP_CYS}
	~{WX_RST}

	Symbols
	CP
	LAXE
	LAXU
	LEBO
	LENA
	LOBY
	LONY
	LOVY
	LURY
	LUSU
	LYRY
	LYZU
	MEHE
	MESU
	MOCE
	MOFU
	MOSU
	MOXE
	MYMA
	MYSO
	MYVO
	NAFY
	NAKO
	NENY
	NETA
	NOCU
	NOFU
	NOGU
	NOPA
	NUNU
	NUNY
	NYDY
	NYFO
	NYKA
	NYVA
	NYXU
	NYZE
	PAHA
	PAHO
	PANY
	PASO
	PECU
	POFY
	POHU
	POKY
	POME
	PORE
	PORY
	POTU
	POVA
	PUKU
	PUXA
	PYCO
	PYGO
	PYNU
	RENE
	ROCO
	ROGA
	ROMO
	RONE
	ROXO
	ROXY
	ROZE
	RUBU
	RUJU
	RUZE
	RYDY
	RYFA
	RYKU
	RYPO
	SACU
	SEGU
	SEKO
	SEMU
	SOCY
	SOVY
	SOZU
	ST
	SUHA
	SUVU
	SUZU
	SYBY
	SYLO
	TAVE
	TEVO
	TOBA
	TOFU
	TOMU
	TUXY
	TYFA
	VETU
	VYBO
	XACO
	XAHY
	XOFO
	XUHA


	BG PIXEL SHIFTER (Page 32)
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	Symbols
	LABU
	LAKY
	LALA
	LEGU
	LEKE
	LERU
	LESO
	LODO
	LOMA
	LOMY
	LOTO
	LOTY
	LOXA
	LOZE
	LUHE
	LUJA
	LUNA
	LUTU
	LUVE
	LUXA
	LUZO
	LYDU
	MACU
	MEGU
	METE
	MODU
	MOJU
	MOSY
	MUKU
	MYDE
	MYJY
	MYVY
	NADY
	NAJA
	NASA
	NEDA
	NEFO
	NEPO
	NEXA
	NEZE
	NOBO
	NOLY
	NOZO
	NUDU
	NUTE
	NYHA
	NYXO
	POJU
	POWY
	POXA
	POZO
	PULO
	PYBO
	PYJU
	PYZO
	RAGA
	RAJA
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	DEZU
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	DYNY
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	EBEX
	EKAP
	EKOP
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	ETAD
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	EVYT
	EZOC
	FEFA
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	WANA
	WATO
	WAXE
	WOCY
	WYGO
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	GAZA
	GEVE
	GOHO
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	XEXA
	XOSU
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