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Genesis Technical Overview
February 28, 1990

GENESIS:

68000 @8mHz
» Main CPU
* 1 MByte (8 Mbit) ROM Area
» 64 KByte RAM Area

VDP (Video Display Processor)
+ Dedicated video display processor
- Controls playfield and sprites
- Capable of DMA
- Horizontal and vertical interrupts

Z80 @4mHz i S
* Controls PSG (Programmable Sound Generator) & EM Chips [/

e o

* § KBytes of dedicated Sound RAM £ o i
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» Display Area (visual) 9 W i
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- 40 Chars wide x 28 chars high .om. 4
* Each char is 8 x 8 pixels i L
* Pixel resolution = 320 x 2247+
R
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- 3 Planes # R
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= 2 Scrolling ﬁéyfneﬁds

* 1 Sprite piane ..
» Definable priorities between planes
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# 6 Different sizes
“'&'§ Playfield .can have a “fixed" window
PTE’!‘H" ‘Hln map -:-:--:
M;ﬂﬂr position takes 2 bytes, that includes:
‘name (10 bits); points to char definition
. Hnnmntal flip
ar Vertical flip
‘« Color palette (2 bits); index into CRAM

« Priority
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* Scrolling:
- 1 Pixel scrolling resolution
- Horizontal:
» Whole playfield as unit
» Each character line
« Each scan line
- Vertical
« Whole playfield as unit
* 2 Char wide columns
- Sprites:
«1x 1 Charupto 4 x 4 chars

« Up to BO sprites can be defined e
« Up to 20 sprites displayed on a scan line b i
e Sprite priorities . E
- Character Definitions ﬁg%g%g Shii
* 4 bits/pixel; points to color register %"'
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* Playfield and sprite chars are the same:i 1}, :::;%ssfz%gz%ﬁé i
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* Uses CRAM (part of the VDP) ;$¥>x§§§mg++a -

- 64 9-bit wide color registers i
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- 3 bits of Red y. ’
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- 3 bits of Green . ume.
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5. PSG (TI 76489 chip)
f~fi‘iFﬁl chip {(Yamaha YM 2612)
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2 = B8-Channel stereo
- Z80 can access ROM data
- 8 KBytes RAM
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HARDWARE:

» 2 Controllers
- Joypad
- 3 Buttons
- Start button

+ 1 External port
+ 2 Video-outs (RF & RGB)
« Audio jack (steren)

« Volume control (for audio jack)
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|. MEMORY MAP

A. Mega Drive 16 Bit Mode (as distinct from Master System Compatibility Mode)

1. 68K MEMORY MAP
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Il. VDP 315-5313

(Video Display Processor)

The VDP controls screen display. VDP has graphic Modes IV and V, where Mode IV is for
compatigility with the MASTER SYSTEM and V is for the new Mega drive functions. There
are no advantages to using Mode IV, so it is assumed that all Mega drive development will

usa Mode V. In Mode V, the VDP dispiay has 4 planes, SPRITE, SCROLLA/WINDOW,
SCROLLB, and BACKGROUND.

GRAPHIC IV MODE (COMPATIBILITY MODE)

—
I_ SCROLL — | _ :
| B e 1 i 2,
| | ] LU 1 o
l SPRITE | i %
| p P
| | FPRICRITY —_— & ke co R v
1 1 { P ke
| CONTROLLER | o oy 4
| Lo el v
PR P
| AHTENSPLANGE 3
b bl Wl e -
A e e, B e el
Jdelabim decds B e R T T
S b ey
et S b b
s e e el
AR
P XEY S P
PR S,
et S ] R .
e - -
— e T A LY =
e LRt e
oia ] ey Ao B
o, e L
Py irthoa o e e e
AR, o S DL L ="
. o R e e, B o Exl
- e e, . e e e et
b bk, D S
Lnl et e
e At
D i R
e e, e
e =
oo N
= i
= BACKGROUND
———a ECHCH_L E koo
I el
1 el
Py
-
P
4
L
¥
—— WINDOW DiSPLAY
s '
SPRITE Y ‘
e, i
d2d :
— o e, e c
e .
B Y e
A preielew
SR s
L T
e
1 om
| it
| - =
. el it
— ke ¥ -
P Win s
Footet-iu'y St e
e
ab o e
-
g ] o
A -
Sk ey
Qe b
e e e o] -
B e e R T
e T e e T 0
e, e o L B, S R R
e T i
- e i e e e e e
R o AR O R
5 RO e e
P o T e e
el H] ]
Al i e, '\-
b - -
o 0, il o
A B >
e -
pa e
A a e .
e iy e
ot el s e
P e a2 T
e T, E Y s _—
RN P . o
B o, e b
o, aleee Lo
o M e o e
n=t et WLt e
e e e
pE e = Pl
fo e
) e
et o=ty
Ty i
b s
e
e
R G
e
e
i
P
a
P -

R e

o e el el

et oo bl e e

'

S-WGEEMESIS MANLAL
Py J2/20092

=y

CONFIDENTIAL # 16

OF SEGA



A. TERMINOLOGY

A unit of position on X. Y coordinates is called a DOT.

A minimum unit of display is called a PIXEL.

CELL means an 8 (pixel) x 8 (pixel) pattern.

SCROLL indicates a repositionable screen-spanning play field.

CPU usually indicates the 68000.

VDP stands for Video Display Processor.

CTRL stands for Gontrol.

VRAM stands for VDP RAM, the 64K bytes area of RAM amessﬂ::ie 1.:=||'|Ig.,|r thruugh

the VDP.

9. CRAM stands for Color RAM, 64 9 bit words inside the VDP q:hip L

10. VSRAM stands for Vertical Scroll RAM, 40 10 bit words inside “s:ne VDP r:‘hrp

11. DMA stands for Direct Memory Access, the process by whlch tﬁﬁ VDP perfm'ms
high speed fills or memory copies. T

12. PSG stands for Programmable Sound Generator, a clﬂﬁ»ﬂf Fuwﬁéﬁﬁﬁ@llw Sﬂund

chips. The Mega drive contains a Texas Instruments ?EE&SE PSG chip:
13. FM stands for Frequency Modulation, a class of, mgﬂ capaﬁiﬁr];g ﬁ{JL.IFiEI chip. The

e

Mega drive contains a Yamaha 2612 FM chlp SR

e Rl

?-
e e

ffffff

B. DISPLAY SPECIFICATION

el F
e ¢ﬂ+<++V>V¢?+>+>Vﬁ
QVﬁVﬁrﬁx¢ e

DISPLAY SIZE THERE ARE.FWO MOD EE o
32" 28 GELL (7% " 224 Pmﬁ_: .
40 * 28:5ELL (320 * 224 PIXEL)

e 0 T e D

CHARACTER GENERATOR 8" 8 Eﬁﬁ?mﬂémﬁwm on general system configuration.
SCROLL PLAYFIELDS 1 Two scroliing play fbalcts;_;;ﬁlms& size in cells is selectable from:
32° 32, 32" 64;:92% 128

] 64" 32, 64764

s, 12832
R AT T
SPRITE A M gggg;ﬁ programmabie on a sprite by sprite basis, with the following choices:
A, ga 8 B*16, B°24, B°32
Y 168,78, 16° 16, 16° 24, 16~ 32
M} . ! ﬁﬂ. B, 24"16, 2424, 24" 32

% Faeve, 32718 32° 24, 32722

,;55' Thare am &4 sprites availabla whan the screen s in 32 cell wide moode, or B0
when he screen is in 40 cell wice mode.

1 window associated with the Scroll A play field.

64 colors’512 possibilities.

mmmmm

FEH" P#:L {the European television 50 Hz standard), a vertical size of 30 cells (240 dots) is
selectable.

SWGENESIS MANUAL
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The VDP supports both NTCS and PAL television standards. In both cases, the screen is

divided into active scan, where the picture is displayed, and vertical retrace (or vertical

where the monitor prepares for the next display.

VOP FETCHES DISPLAY TYPE

v

___ HORIZONTAL

RETRACE

DISPLAY

VERTICAL RETRACE

DISPLAY

GENERATE
VERTICAL
INTERRUPT

VERTICAL RETRACE

RASTER

blanking)

GENERATE HORIZONTAL INTERRUPT

v

HORIZONTAL ___
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R
R
o et
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R e
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s b
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o e
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s et ke e
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C. VDP STRUCTURE

The CPU controls the VDP by special /O memory locations.

1. CTRL {control}

This controls REGISTER, VRAM, CRAM, VSRAM. DMA DISPLAY, etc.

2. VRAM (VDP RAM)

General purpose storage area for display data.

3. CRAM (CCLOR RAM)

64 colors divided into 4 palettes of 16 colors each.

The VDP can also fill the VRAM with a constant, or capy. %

disturbing the 68000.
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=

.
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s
_.'EE‘
3
Tt
ﬁ‘ﬂ‘K‘ﬂ‘HQ‘K‘Q‘?’:'; .-ﬁ-.!-\.
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. D. INTERRUPT

There are three interrupts, Vertical, Horizontal, and External. You can control each interrupt by
the tEQ, IE1, and IE2 bits in the VDP registers. The interrupts use the AUTO-VECTOR mode
of the BB000 and are at levels 6, 4, and 2 respectively; the level & vertical interrupt having the

highest priority.

IEQ V Interrupt {LEVEL 8)
{E1 H interrupt {(LEVEL 4)
IE2 External interrupt {LEVEL 2)
1: Enable 45
0: Disable SR

1. VERTICAL INTERRUPT (V-INT)
The vertical interrupt occurs just after V retrace.

DISPLAY PERIOD VRETRACE = i o |_

e

oo s B i

A s s
o e

P LA

INTERRUPT POINT

............

2. HORIZONTAL INTERRUPT (H-INT) s, G

The Horizontal Interrupt occurs just befors Hﬁ&!&ﬂ%ﬂ

C T
e Sl R
e e e

. DISPLAY PERIOD el A TRARE
S e PUPEOCK———— — s

g o]
- l::h . ::

aaaaaaaaaaaaaaaaa

INTERRUPT POINT

S

VDP FETCHES INFORMATION FOR THE LINE

The VDP loads thefequired-display infFmiation; including all- required: register values; for
tlhe line in-about: 86 clocks, thus the CPU can control the display of the next line but nat the
ine an-which iHeiinterunt occurs.

e O g 4
HE?HE:::::";_ & =
T s @
g 'y, HomRAY  TiloW WMODIFED -
Fain N 2 %, i+ RETRACE H DISPLAY RETRACE E—
':..;'..';:.;'. _:.;"'"”.“:-:_ EE:__ % sMOBIFIED
. ho B e H ZISPLAY
s '.'E.Z'..Z'..i.-:; ._.-:.'!" aCHANGE
A BETTINGE
St .
IHT__ INT

“{/if this line counter is changed at each interrupt, the desired spacing of interrupts may be

'gﬁﬁieved.

Thus: If register #10 equals 00h, then the interrupt occurs every line.
If register #10 equals 01h, then the interrupt occurs every other line.
. If register #10 equals 02h, then the interrupt occurs every third line.

SWIGENESIS MANLIAL
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3. EXTERNAL INTERRUPT (EX-INT)

The external interrupt is generated by a peripheral device (gun, modem) and stops the H, V
counter for later examination by the CPU.

HL INPUT PIN

&

INTERRUPT HAPPEN (COUNTER RATCHED)

initialization of the external interrupt,

E. VDP PORT

----------

$C00000

$Cooo002

$C00004

...-.
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fot
e,
T
=
. e
o bt
e e e e
e o D
s eamddlabnd
R sRee e e -
Sttt S A
R e
e e o e S D e, =
+ B = e e
P e e
SR B M Bk
e o D e e,
Ll
e rts are at iocation 68 in the mem
P e
D e e
4¢a¢ e ?x¢ g e -
o - e P el e e, e
e e S e ol i e e
ey S pe e S
A A e L
}{h#} neemge’ o D Dol e
A, e et o
R A R o
e el e S Do, e oot e e o e ) e et
SR & Aol el g
~x+w+x+x+ + L e e
LR LA L e
T, R s
R 33 o
ﬁﬁﬁﬁﬁ el
DATA PORT L
e ]
g e e, ol
o A, A
e e B e
A, Sl S ol Bl
" T, "
- B e e o
B B i
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] e
+ V+V+ﬁ¢ﬂ+ g g e ey
S bR e e
o B
" e D e e
= Sl i e e
s < e
o _—_
Eey e P
ﬁj+w+w+x A i
o - I

$§Co000686

$Coo00o08

5CO0000A

e

PROHIBITED

PROHIBITED

PROHIBITED

P ﬁ%ﬁﬁﬁ’”;ﬁ PSG

.
"
e
o
e e
. e
et
Fem =
=k o
e £
g e !"
b
P .{#?#?-ﬂ-???#?#
F {-ﬂ-.{‘ﬂ-r
::'::-'H:l\?:l' 1#?’#:"#:"#?’#:"#? e e e e,
e ;

-

}\.-ﬂ-} i "k
P g b S
+ ol

=
"ﬂ-ﬁ-

1, ﬁﬁﬂ
<,HEAS

-\:-x-\:-:-\.
o gl el

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

iy
0y e

ﬁﬁﬁax mﬁﬁm VSRAM, CRAM

. DT14

DT13

DTi2

oT10

DT11 DTa

T8

OTe

DTS

DT4

D13

D12

OT1

DTo
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2. $C00004 (CONTROL PORT)

READ: STATUS REGISTER

ronnooa : : g : ; : EMPT | FuLL (D15~D8)
F SOVR C QDD VB HB DA, PAL {D7-D0j
* NO USE
EMPT.. .. 1. WRITE FIFO EMPTY L.
FULL.. .. 1: WRITE FIFO FULL o
1: V interrupt happened d&f G ;j':f“ 4
SOVR.. 2 .o 35

1: Sprites overflow occurred, too many in one lines
Owver 17 in 32 cell mode. "
Cwer 21 in 40 ¢ell mode.

5 1: Collision happened between non-zero pikel:
o ji' :
ODD .. .. 1: Odd frame in interlace mode. i
0: Even frame in interlace mode.
VB .... 1:During V blanking 2
0: Go
HB ... 1:During H blanking E
0: s #
DMA ... 1:DMABUSY
0: 3 i .
PAL.. . 1:PALMODE ‘i
0: NTSC MODE  ™Hsissrg: o
WRITET:
$C00004 i RS2 RS RSO (D15~D8)
FHHG D3 D2 D1 Do {D7~D0)
¥ $CO unctionally equivalent.
Pt o

i

e D NG
-rs—h?agg% ; 5
- .}?W

;:c,ﬂy
| }ord or long word access to the VDP ports when setting the registers.

S-WIGENESIS MANLIAL
Flew. 0271892
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WRITE2: ADDRESS SET .

1st cD1 cDo A13 A2 A1 A10 Ag D15~
$CO00004 o : =

A7 Af AS Ad A3 A2 A1 AD (D7-D0}

2st 0 0 0 0 0 0 ~
$C00004 : - e
CDs CD4 cDh3 ch2 0 0 A5 | A4 (O7~D0)

CD5 ~CDO:  ID CODE
A15 ~ AD: DESTINATION RAM ADDRESS i k0

e
e
ot
N ot
e =
SRR
g anEREL
g e
e 4 e
4 ¢v+y¢v{ B
R ) ¥
b -
<?+if+?ﬁ; A e e
R
e
e e

ACCESS MODE | cD5 | cD4 | cpa | cp2 Eﬁ%“"%%ﬁm

e e
A e Lo o 5- il
Al B o
] IE “ L R & B e o
L= = b e L
) o e
iF
s
iz k%
-

CRAM WRITE

T e
ek ke, e
o S L
et s e
s i el 5 ST ey
p v
P i +ﬁ+ﬁ+av>+>v> el

VRAM READ

o 1o |1 | | |o

= sy e
w ey
E & -ﬂ-}‘ﬂ-?
[ =
Vﬁ+i o 3
3 P
4 L A
- -
i
i

CRAM READ & u
VSRAM READ e g o
* You must use word c:r Lgng word whemperl‘m;mmg these operations.

3. $DUDDDEW UNTER)

o +{+"'€+"'€+"'€+""+?’+h+} ?’1‘?
g e e D]

e e '\.-.l\.'\.- -\.-.l\. _..\.q.-:q..:.\:. .\:..-
% + $ $ .-\.$.- e e e e
e e gmegel e e e e e Dl

NON 1MBLACE MODE

ai;v B t%gh
e
Coo R T e
] 008" “iygy o VCE 1| VC5 VC4 VC3 VG2 VC1 VCO {D15~D8)
= HCT HCE HCS HC4 HC3 HC2 HC1 (D7~D0)

mmmmmmmm

VCs vC5 VC4 vC3 VG2 VC1 vCs (D15~D8
)

HCY HC6 HCS HC4 HC3 HC2 HC1 (D7~D0)

HC8 ~ HC1:  H COUNTER
VC8 ~VCO  V COUNTER

SWMNGENESIS MANLIAL
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..............

F. VDP REGISTER

There are two modes for register setting; one is mode 4, the other mode 5. We tell you about

maode 5 in this section and about mode 4 in MARK |l section.
If you change mode in one frame you can get various effects,

1. MODE SET REGISTER NO.1

MSB
REG. #0 0 0 0 IE1 0 1 M3

IE1......  1:Enable H interrupt (68000 LEVEL 4) . ..
0: Disable H interrupt (REG #10) 4 S

B Y -
M3 11 H, V counter sto
e a1 wmm ' ¥ e e e el R =
e - e
L e

0: Enable read, H, V counter i

3o g
P e e
s L
; E -
A B e
e R e ot
- s A A
" i by A
i, BT T At
At -$$A¢.-\.-\.-.-\. e g
e e 8 B e P

R s e g e

. B S RRLEEEEE

TR e T

e o

B e o SR

e R

R ey P
S gt

- = 2 e

e B
REG.#1 | o |DISP| IEO | M1 “-HEI 1 6 o

E e e T S, L S S
= L g e o - e - "
Gk R A R .

DISP .... 1: Enable Display o
0: Disable Display T4 &
IEQ.. ...  1: Enable ¥ interrupt ( 68000 LEVEL 6)

P

0: Disable V. interript =, .

vy

o e
- S
e ""$""+"- e D D e T e bl
= D o b e o
TR - 5 ﬁ T T
ek SO
A e
0..DMA Disable
-~ =
s l e

¥

-

M2 .. .... 4V 30 cell mode (PAL mode)
. 70: V 28 cell mode {PAL mode; always 0 in NTSC mode)

o

e
PR e
-'\-:-'-\:-:-'-\:-:-'-:% e
3. PATTERN NAME TABLE BASE ADDRESS FOR SCROLL A
R B e E e e R - i
e R e e e R
R oS S e o
o B e 3"-’-’
Foor & g
e = e e
e e st
aaaaa o o e
j.-ﬂ- fe R
- M =
a ,
s - A
ah
e e
P e ] L " e
- . g o el
- o = o A d
s P Sy e s n
B Tt LR e R
el e Nm.
o e e o
e e e B
e Gt e e, el
k] )
%XXX0_0000_0000_0000
B ]
A A e e Toadasaa e
e e T
A et el
4 A et
e S S
Ak et Yo
b a
gl - 5 E ADDRESS FOR WINDOW
b FrL e
S R b e e e o
vvvvvvvvvvvvvvvvv R R S e
B N = S {'E:{ ——
T e
o g b e e
el e St e
L A

MSB LSB

REG #3 | o 0 WD15 | WD14 | WD13 | WD12 | WD11 0

WOII should be 0 in H40 cell mode
VRAM ADDR %XXXX_X000_0000_0000 (H32 cell mode)
VRAM ADDR %XXXX 0000_0000_0000 (H40 cell mode)

SWUEENESIS MANLIAL
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5. PATTERN NAME TABLE BASE ADDRESS FOR SCROLL B

MSB
REG. #4 0 0 0 0

LSB
0 SB15 | 5B14 | 8B13

VRAM ADDR %XXX0_0000_0000_0000

6. SPRITE ATTRIBUTE TABLE BASE ADDRESS

MSB 'L%
REG.#5 | o | AT15 | AT14 | AT13 | AT12 | ATH1 ATm

ATS should be 0 in H40 cell mode .‘-?Xﬂﬂzﬁ

VRAM ADDR %XXXX_XXX0_0000_0000 (32 cell) & 0 G

VRAM ADDR %:XXXX_XX00_0000_0000 (40 cell) i, e

-
%
s o R
o, B e ]
AL N e
Eae e B e L. L]
e e B et
e Sl e e el
e g R e
M o Al et Rl
Ay el g L
e B e R -
: ) SR o
i
Ly .ﬁt‘.l .-" : PR i il s b,
g ] REG.#8 | o 0 P
& . o 0 0 i G 0
L e
L i, Sl
R -
e W e
e o
TR e, LR
R Ry
e e e e el o
S el - e
) R e S S oy
Ve eI i B, ol
"y -W-t:--a-x-:-:--a-:--a-:--a-:-;;
e R R e :--a-:--\.-s.-a-
e, e e
e e e
. o = e -
W == o "
Jan e e P
e o e e
L e e
S R Pt =
e b
=53 o
e

REG. #7 | o 0 | cPis.LePTe:| cous | colz | cout | colo

.
'\-:-'-\:-:-:ﬁc-:-m el Pl e
£

i
CPT 1.0: COLOR PALLET W
COL 3~0: iﬁEJLDH CODE s

A
o
]
s

.
G
B
K‘ﬂ-

e
g

-

o {'Q'K'Q-?

=
ﬁ
-

R ]
e e e e T ]
ey e e e gy g
=
e g e
C e el
R -

X3

m

(73]

2,

e
e
Dv;t

.-.ga

[ ]

£
;
% ok

2.
Sk
e
=
e

-n::-'-a-a-'\-::n:x
e
o

o b

LSB

o
oy
P
Aoy =
Aol e
A g
e -\:-
g R
SR i
v A -a- = et
vvvvv 3 -a-.-\.-\.-.--a-.-\.-a-:--a-:--a- ol
ok +:-+:-H-x+:-'+:-'
SRR, e
A
EELETTTL
Al e,

'\.'K'P.'\.{ e

Wy Mes Lse

HEﬁ-#w HIT7 | HITE | HITS | HIT4 | HIT3 | HIT2 | HITY HITO

This register makes H interrupt timing by number of ¢aster.
H interrupt is enabled by IE = 1.

S-WAGEMNESIS MANLUAL
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3. MODE SET REGISTER NO. 3

MSB LSB
REG. #11 0 0 0 0 IE2 | VSCR | HSCR | LSCR
IE2.. ...  1: Enable external interrupt (68000 LEVEL 2
2: Disable external interrupt
* See INTERRUPT and SYSTEM 110
VSCR: V scroll mode HSCR, LSCR: H scroll mode
e
VSCR | FUNCTION HSCR | LSCR | FUNCTION & il
- Sl
0 FULL SCROLL 0 0 i

FULL s;n%

1

EACH 2CELL SCROLL

REG. #12

MSB

* BOTH SCROLL A and B
10. MODE SET REGISTER NO. 4

RSO

LSMO

ﬂq_?___géiﬂ
.:

RS1

RSO.. .. ..

RS1.. .. ..

xxxxx

1 ‘.1._._-..- g ;
. HORIZONTAL G2 CELL MODE

HORIZONTAL WLL MODE

.‘ h get same No. in RSO, RS1.

32 cell
‘40 cell

ﬁﬁm&w

‘:%r

0o

- —
:._EE_-_-.
>

0
XX1

4: Enable SHADOW and HILIGHT
 Disable SHADOW and HILIGHT

mode setting

FUNCTION

+++++++
“““““
Ml o

NO INTERLACE

&&&&&&
#####

INTER

LACE

PROHIBITED

INTERLACE (DOUBLE RESOLUTION)

S-WIGEMESIS MANLAL
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11. H SCROLL DATA TABLE BASE ADDRESS

MSB

LSB

REG. #13 0 0 H515 | HS14 | HS13 | HS12

HS511

H510

VRAM ADDR 2:XXX_XX00_0000_0000
MSB

REG. #14 0 0 0 0 0 0

12. AUTO INCREMENT DATA

This register controls bias number of increment data.

M5B

REG.#15 | ING7 | INC6 | INCS | INC4 | INC3_[<iNice i
INC7~0:  Bias number (0~$FF) ”‘f’-isf-f;,fs:a,, ). W
This number is added automatically after RAM aceess.

e
= i 33?%5_. :
’ AT
13 SCROLL SIZE S
0 R oo e
e e e e, e
e b e R, LR
b B L U e
Lo ¢h+‘\+ﬁ$h+ﬁ$$+$ "
B e el e e e, AL
Wi,
!-; '\-!-'-ﬁ-hg.{-ﬁ- +t§h :‘
e
x b= e -+?+¥.¢h:}h-’
- - 'l - .'\.E.'\.'
P Wl L o
-\.-"-':a-_'\-' b e S
", Lot -
e Sl
't
. 1 VS22 | &
Fad " e
e Pl e e e e,
e g e e e e '\.-@.3
e e e e e S e S e ot
e e T e e e el e e e ] -ﬁ-!-
e e e T e 11‘\.1‘}
e e T e e =
i

VSZ1, 0: VSIZE

VSZ1 | VSZ0

FUNCTION

Fuwé%inﬂ *fmz HSZ0

0 0 %zdﬁﬂl 0 0

H 32 cell

+ ?"'C'ﬂ' 'Q'h'ﬂ'h'ﬂ'h'ﬂ-h'ﬂ'h'ﬂ'h'ﬂ'h ?-{h;'ﬂ'.;v

= Bkt
nes b e e
.......... i
LAt SV 198 ol 1 i
- R Ea e ‘\'.\‘:":‘\?' ol
= -
.

0 1. |V Eﬁ&ﬁ3 0 1 H 64 call
FEE 5 s
1 0. PHOHIE?IED 1 0 PROHIBITED
" ~

H 128 cell

-
- -\.-!- ety
R e e '\.'Q'
!-{-ﬂ-.-\.-ﬂ-.-\.‘ﬂ-.-\.. e

* Boih of seroll A and B

R i i il
"‘-"'"i!-""!- -ﬂ-{

:- -ﬂ-{'\.-.-

LSB

RIGT 0 0 WHPS | WHP4 | WHP3

WHP2

WHP1

RIGT.. 0: Window is in left side from base point.
1: Window is in right side from base point.
Base pointer 0 = Left side

1 =1 cell right

e

WHP5~1

SWNGENESIS MANLUAL
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15. WINDOW V POSITION

MSB

LSB

REG. #18

DOWN

0

0

WVP4

WVP3

WVP2

WVP1

WVPOD

DOWN .. ..

WPV4~(

0: Window is in upper side from base point.

1: Window is in lower side from base point.

Base pointer

0 = Upper side

1 =1 cell down
ofilE:

16. DMA LENGTH COUNTER LOW

MSB

REG. #19

REG. #20

o o
Al e
e e
o8 l_ §,v>v -1 2
£ e b =
S et SRt Pt il
e Y = e e e
e e e e
e s e B
1? e e
5 e e
A
<>>> mmmmmmmm
Hehamh, L s
-::--::- +-:+ b AT
Rl b e A A
Ao bl A
ey et e e
S g e e gt
e e .
3 e R o
= e % i v
o e e
Eap e e
e el
o i A
mmmmmm b
Tiahy =
e =
1‘ L el e e -
Il o
At SR
e A et
e R e, T
A e e e
e e e, L
e e e e
"1 e R, e e o
4 = e el e e e e, E
W R e AT e,
Tk g e At e
o b i e
s E e e
3. s Ty o
M i e s o
n e i £ FeE
D R S A ot

REG. #21

SAB

SA7

B
e
s
.-ﬁ: EAE
=
i

?K

e

SA2

SA1

S

.\:.:. 2‘3'{'\?% e @-':@'.':EF# .\:.:.\_.\.._.\.

o

19. DMA SOURCE ADDRESS MID. "

e

]
P
o
e
.--H 5, L
e s e
MSB B e LSB
.; - S L
e oo
L

REG. #22

SA‘EE LEM 5

SA12

SA11

SA10

SA9

20. DMA SEHHGE ADDH%EE H

mmmmmmm

ey e e
e

S

S-WHGENESIS MANLIAL
Raw, 021882

B e e e R e T
e e e e e e

; .-.-\. sa e

ﬁ+ﬁ+ﬂ.¢ﬂ.+ﬁ+h¢? S )
g e R e g e e e e
e B e B e e e e
R 3? ' +?’¢K+?"'€¢
TR

:-E_
e

MSB - 4 LSB
ggiijﬁm 1'DMDO | sA22 | sa21 | sazo | sat9 | sais | sal7

o

DMD1, 0: DMA MODE

snzzna DMA SOURCE ADDRESS

DMDA

DMDO

FUNCTION

0

SA23

MEMORY TO VRAM

1

0

VRAM FILL

1

VRAM COPY
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G. ACCESS VDP RAM
1. RAM ADDRESS SETTING

You can access VRAM, CRAM and VSRAM after writing 32 bits of control data to $C00004
or $C00006.

You have to use word or long word when addressing. If you use long word D31~D16 is 1st,
D15~D0 2nd.

e

e o
s R ey
sl cD1 CD0 A13 Al12 Al1 A0 4 g5 T
¥ A8 R 15~0&)
$C00004 = A
o, W
A,? Aﬁ AE M e i
i
A3 A2 At ap i} (D7~-Do)
e L -ﬁ-.;-ﬁ-.;-ﬁ-.;-\. "\7'.::
(o TR o
e o ATl e e -
S e S D el -
i Dol il i Iy o
e e el R e e e T R
- A R o e e e e e
{2 e T e e e o e
sk
e T o e D e
2nd o 0 o 0 e
] =t o
0 RS e |:D m}
$C00004 el code. 0 15~
- LiC e e e DR
Cod cDa & )
coz 04 | if AtS | A4 {D7~D0)
. L= PRy e
= g, e e - G
. -
A e T e el 'ﬁ-!'
T R R!-A 5; i ﬂﬁﬂi e
D5~ i oy
CDS5~CDO: ID CODE P, i
el R, e e
A15~AD: DESTINATION RAM ADDR e st i
% EEE SR aie
T -
ng R e L
.'3:- e o
s iy e
3.?... g
R ] E-:-

cO5 cD4 ﬁ%z e €02 31 oD cDo

’e-
-\. -\.;x-a-f-a; 3 - -a-.--a-:-
VRAM WRITE 0 0 5 e g 0 1
-m*:m T i

CRAM WRITE o 40 o 5 0 1 1

= » oy = =

B o S e, =
VSRAM WRITE 0 i e T 1 0 1

READ 0. 0 0 o
e
L
CRAM READ A 0 o
e
. o
e e
VERAM READ e b
A =
= i 1 0 o
-\.-\:-%.wﬁq-.wm-:-mw
e Rty
s s e-hc-:-'e-ﬂ:-:ww-:-ﬂ-v-:-x »
A e R T S e i A
S ot o e e e
ﬁ:ﬁ?.ﬁ.«. S
o e S e
e e R A
g = e
el el e e -.3‘\?'
s e o o
o = o e
o i
P .
e o e
e N B *
g e, i e
gy iy : g
e S, i o
e e e P -+:a_ S
R e o Coa
Seediaondh,  dhaadhe ar -
e et o po
S = s
i ] P
Sgmadan i
R e
B s
R e, e
o e e e e e
R A e B T
e e e A e
e EIpE e
ot A R
i e e g
e g S
e e BoEa
SN e o
e e A -
et R e L
s e e e e e
Nl s e e e
Al ke, e e
R bl A e e e e e
R e B
A W
S e
e
Sy
A, .
A e A
o
A e
B
e
e
bk
e
e
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2. VRAM ACCESS
VRAM address range from 0 to OFFFFH, 64K bytes total.

VRAM access addressing is as follows when writing:

15t 0 1 Al3 Al2 Al A0 Ag Dis~De
$C0000D4 = { :I

A7 A5 AS Ad Al A2 Al AD {D7-Day)

2nd 0 0 o 0 0
$C00004

0 0 ] 0 0

A15-AD: VRAM address

Daa | D15 D14 D13 D12 D11 ﬁ‘i’ﬁ**ﬁgﬁ Do b iipg {D15~D8)

$C00000 —
o e e o, Lo -\H-'-\'}-}\. -\h-\. oyl
S e __— vl
D e e e, alalee E- =1y
7 D6 Ds D4 D,  GeiEe Dy Do (O7~D0)
oo e M e, - e ri
e it e, ek atcle
-:--ﬂ-.-i:-.i-ﬂ- . Rt
R MW&?‘.&. e
D15~D0: VRAM data R
¥ e e e
* oo e i D, =
i el e e e, "
-a-x-\:-x-\:-.-\:-a-.-\:-\.- =
B =
-\'}-K-\'}-W {-\?-:-'

wm Y aerd and |“5='*"'ﬂr “—’Ef‘-*”'i‘* on =)
= . )
VRAM address is increased by m%& of HE&TSTEF&HE independent data size.

VRAM address A0 is used in t;ge calculation of %19 address increment, but is ignored during

address decoding.

When ynu use long word D31~D16 is st ﬁ&ﬁ D0.Is 2nd.

b
B I e e el
-\:-'h.-\:-.-:-\:- -:-\:-.n:-\:-:n:-\:-:-\.-\:-.n:-\:-:h.-\:-.-\.-\:-m-\:- SEE
e R T e -
:--a-:--a-x-a-x-a-v-a-x-a-:--a-x-a-.o-a-w -
e e e el i
B

VRAM addressing and.decoding are as fui!qms the VRAM address decode uses A15~A1,
and AD specifies thﬁfﬁta write fcrrmﬂtﬂfwﬁte data cannot ¢ross a word boundary, high and
low bytes are emhangm If AQm1.

'ﬁ' 'ﬁ-""'ﬁ':"'ﬂ'

3:-'-\:-:-'-\:-:5'-:-:-'-:-:-'
SEREREITEREER
#?#?#w#?# e 'ﬂ'{'ﬁ" e ",

A

i
AD =0 S ESTiba e WD
'{\?‘MA# l\?l:-\.l\:-:-'#:-l\?:-\.lﬂl:-
- = -ﬂ-:éj -

'ﬂ-.-\.'h-\.-gﬁ

“‘*f’ﬂ:

i
.-.-\.'Q-.-\.

LONG WOCRD

s LIE
SREEE e I
L S g i
T 5 [
_..-.-\.- -

mnﬁlﬁ;%;veh - D15~D8 D31~D24
A **;DDE;"::’ DZ=Do & D7-D0 D23~D16

b sl i
EVEN. i D15~D8
ceiiaiEE Po=a 1
i 07-D0

e

mmmmmmmmm
. x

s
-

t h#}

: onb:
,,,,,,,, , i
i e o

. i

:

:

-

:

:

PR 0
"

BYTE WORD LONG WORD

o7-D0 D7~D0 D23~-Ms&
D15-08 Da1~D24

EVEN o7~D0
oD Di15-D8
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(EXAMPLE) START ADDRESS:0  REG. #15=2

ADDRESS: 0 1=t D15~08
1 1st D7~-D0 O7~D0

2nd Di15~Da
2nd  D7-DO D7-DO

Srd D15-D8
3rd D7-Do C7~Do

dth D15~D8
4th D7-D0 o7~Do

Sth D15~Da
Sth 07-Do o7-D0

w0 =i bk LA

R
P

START ADDRESS: 0  REG. #15=1 Tl

BYTE Soro
i, 5

%
s

is
g9
e
2
Ug
oy
£
=B

i %
R .
p HK-H !
A
=Ea:: R

ﬁx?ﬁ.ﬁ
E -
I l.-b
™ yi
ks ol
—h
g
C
&3
=R

B ] k 3
o N Jng el Qe e, -3 -
dEr Lopraana,
S S R s
S E s =
o B .{$ .\-t\.{ -
Q‘;‘ L h ::w
.

e e
o
]
¥

?-Q-a-:-:"':-
oy
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. START ADDRESS: 1 REG. #15=2
BYTE WORD LONG WORD

ADDRESS: 0 | 1st D7~-D0 15¢ D7~-Do 15t Dz3-D1s
1 Dis-Da 0a1~Dz24

D7-Bo 2ned o7~D0 st D23~-D1e
D1&-D8 D31-D24

A

8

D7-Do 3re D7-Do 2nd D23-016
: D15~D8 D31-024

ah  D7-DO 4t D7~D0 2nd Pea-Die [k

aaaaaa

D15-D8 Ee-D2e | uhE
o

aaaaa

=4

Sh  D7-DO Sth B7~DO g DD i

D15~D8 dih. D8l

Prrfre o
= T
S e e R o
b3 p .
e
shalaias
+ R
s e s 3:”\-*-
T e o -\:-:?-::i;c
e R SRR
'Hq-:-ﬂwa-gﬁyg B
e e
kot - -a-# SR
i e, WA L e 3
el e, Lo .ci-:«.Q,:-x-\.- e e
< S A e s
£ S 2 S e e 2t
o o SERERESIRERY £
- k3 @ "
=
S

START ADDRESS: 1 REG. #15=1

THirohn, g
Fa :’.;__.1-'
BYTE E WORD
P
-'-.F-.
7 F

Th=
i
B

D23~D16
Dai~D24

2nd D23-01e
Cat-D24

3rd D23-D16
D3t~Dad

4th De3~D16

do... D31~D24
i s e s
e 4
é&w o7-B/ P e D7-00 5th D23-D16
3 D7~ # D15-D8 D31-Dz4
&?‘
. 5 ot
SEaEEn s eyl
Hﬁ"ﬁ S L F
R : iz = i ¥
" % - 1 ;
TR s
P S, 4
i EE=t - -
45 e
L g -g'
TR T [
N T
PO iAo
Tignthty, 8% ey
y REE T g
PR et
o s
e
4 AT
st
R
o
e
&
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VRAM READ .

15t 0 4] A13 A12 A11 A1D AS AS (D15~D8)
$CO00004

AT AB AS Ad A3 AZ Al AD (O7~-Day)

2ncd 0 0 0 0 o 0 o 0 (D15~D8)
$CO00004

0 0 0 0 0 0 I e (D7~DO}

o
R o

e e 5

I e 42,
A15~AD: VRAM ADDRESS !
s e

P F
S, i

i P
rackail o

= e

uuuuuu o

I A b

ey st e

b i Fiss

aaaaa e e :

s

eeeeeeeee B3
St -

Dam | D15 D14 D13 D12 D11 D0 47N pe.. | “DE | (D15-D8)
$CO0000D T,
D7 D6 DS D4 pa bemme [ | Do | (D7D

{-‘\5' e e 1 e
S e e 8 A
i ke % i
P AR e e, i
D15~D0: VRAM DATA i, T e, s
e A o e R b
A e S e o
R - e o
" e e e
e i Sren

The data is always read in word units. AQ is |gnnFEd Hiring t f eading; no swap of
bytes occurs if AQ=1. i

vvvvvv

bt

-a-:- +:- +x+.-\.+.-\.-€ e

Subsequent reads are from address mcfﬁi‘i‘m@g REGISTER #15. AO is used in

e

= :-:-'-a-:-c-a-x-a-.-'-ﬂ-:-\.
calculation of the next address. . i ottt
1= Lo R S S
s 3o e
f Ed & P
Aot e -, .
e L A Py
h i - o H
- e
o o
. e s
e r- N
oo e s
-'"'*- R e
s, el e b ke oo
e -: aaaaaaaaa At ki
e R LR

The CRAM contains 128 bytes. addresses :iﬁo;ﬂ 7FH. For word wide writes to the CRAM,
Luse: o 3

e A
+ o
st -
g e e
Sl ooty
e A
e b
R
o

= e

15t i ’E‘f.ig“:“;;; = 0 i o 0 o 0 (D15~De8)

e o ]
et S L DL

E C 'D ﬂ D 0 4 el b ko 3;3;-\:-:--'\-:5‘-@:-'@-:--\: F

-ﬂ-{-ﬂ-{-ﬂ--ﬁ-ﬂ-.-\.-\.--\.q.

e e e e {-ﬂ--c-ﬂ--\.-ﬂ-.-\.-ﬂ--\.-\.-.-\.-

L Bpaan o Ad A3 A2 A {D7~D0)

0 I, R R Y 1 AD
43

: H

- e

et

o

o)

b

o o

e D

e
M =

ara f %
5{:{:0430'4

-3 4] 0 0 0 0 0 (D15~D8)

0 0 0 0 o 0 {D7~D0)

0 0 B2 B1 BO 0 (D15~D8)

$G00000

G2 G1 30 0 Rz A1 RO 4 {D7-D0)

D15~D0 are valid when we use word for data set. If the writes are byte wide, write the high
byte to $C00000 and the low byte to $CO0001. .
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SC00004

$Co0004

A long word wide access is eguivalent to two sequential word wide accesses. Place the

first data in D31 - D16, and the second data in D15 - DO,

The data may be written sequentially; the address is incremented by the value of
REGISTER #15 after every write, independent of whether the width is byte or word.

Note that A0 is used in the increment, but not in address decoding, resulting in some
interesting side effects If writes are attempted at odd addresses.

For word wide reads from the CRAM, use:

........

e - R
DR AR R,
S e e e e e e D e
s R
£ Tt e oAk
w1 e R
e b R
T A
o e
LE: 4 -
1] (1] 0 o 4] 0 R i
- - :“ﬂ'f\.‘ﬂ'
] o b T
ﬁE b=l g S o
D Aﬁ M _m P N
2 G e
i £
a A e e
e S S e L . -
St e g o E
e et e 0
e R
e e s o
TEREEI
o -\.-\.g:ws-;'\;c-ﬂx
I o, ) 3
Erd n ﬂ a'q‘vﬁxmx@-w# “iE SRR
= .
4] 0 1] Sl | Wi e 0 FEEED
o B ol
PEras] WA £EE
.-
ﬂ ﬂ 1] AR s .
g T 3% = = D
e e PET S
T’
e
L & i
i saE
- =) -
AG-AD: CHAM ADDRESS 3 i
£ o
EI - o
‘ﬂ"‘{‘ﬂ'ﬂ;—.ﬁ e 00 el el
-'-\:-:-:3 = o e
e e el - N e e
o R e e o e, e,
e B e e e o
T R e o
Rt EE
R e T
- e
% ¥ ke
i 3
Data - 5 : i3 ; s :
LB e
o ek e

$CO0000 7

4.

e

$Co0000

1st
$C00004 =7

G2 Gt 0

3 T
Eﬂ'ﬁ ﬁ'jﬁ

2 Lmer g i
t'{’“h ﬁ"'-af?”
L R o
g EEE“H'W%TE% 4
o H
VSRAM ACCESS =

.-ﬂ-H-'

$¢}¢?’£:"3:¢-’

The VSRAM cm;iam%ﬂﬂ bytes, adﬁreéﬁaﬂs 0 to 4FH. For word wide writes to the VSRAM,
use:

M*W% it%%;%%:wg

ki, ?&Wﬁﬂ?&ﬁ i
R

e

V510

V87§ VSE

VE10~VS0; V guantity of scrolf
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- (D15-D8)
{D7-D0)

{D15~08)
{D7~D0)

(D15~08)
(D7-D0)

{015~D8)
{D7~D0)

{D15~D8)
{D7-D0)

(D15~D8)
(D7~D0}
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5. ACCESS TIMING

The l‘.?FL.I and VDP access VRAM, CRAM and VSRAM using timesharing. Because the
VDP is very busy during the active scan, the CPU accesses are limited. However, during
vertical blanking, the CPU may access the VDP continuously.

_Thle number of permitted accesses by the CPU additionally depends on whether the screen
s In 32 cell mode or 40 cell mode. Additionally, the access size depends on the RAM
type: a VRAM access is byte wide, but CRAM and VSRAM are word wide.

ACTIVE SCAN CYCLE

H RETRACE
CYCLE

H DISPLAY CYCLE

pinc
— i
1 SCAN E LA 5
e L S —— B g e L LR e i i e EE s I P o
e s e T TE T R e —
e B R ——— i
s el bt
e A e ar s
St e R el e e
Haz I e e T B
e e e e e e e e
LR Ao s
o e e T,
LL 205 TIMES R,
iy R
o - o L
= {#3@-3 :l- e Bl S
e ) W "
e S o e T e e el
FEE B bl bl o bl
A S s mraad
ING CYCLE o R
s el S, e ﬂ:wv?_:3ﬁ~ #:3"-‘-’
— ey = ok i
S i }3+3ﬁ$.\.+.\.¢}\.+ﬁ- s
o e S B e e S R e e - T —
H A R e -
H DISPLAY CYCLE kg M E
R Gt A
CYCLE 5 2 C¥EL
B e ) E
: .
; s
3 LA
[ wm s S ol nainaia . Sﬂm — gt
e i esssEesse————
o e S e e R
e e D . -
B i
S T
1E - e el 3"- =y "
; e - T L
e S T
H40 CELL 205 HIMES oo
e E e ==
X IR p
AT E e b
e - T 3
oy ?g -:- S Loy
A et
e =
S -
e 1}\.
e o i
v.ﬁﬁ o L el - o
ekl s e S = K-’\-‘\"
T R e

s {#.{#H#K#K#Hiqli?v -\.i-:i'

For example, in 32 Cell mode, the ‘CPU'may acdess the VRAM 16 times during
horizontal scan in a single line. Each acceegs is a byte write, so this amounts to 8
words. However, CRAM and USHAME;‘:;;;;mrgh sharing the 16 time limit, are word

o=

accesses 50 that 46 wg

- A
,,.;i;; S R

rds may be writtén in a single line.

o R
Although there'is: fﬁﬁ‘mﬂﬂﬁﬁ if writes are done in a tight loop during active scan,
the FIF%ﬂLhII up and%ﬁ%‘%%?wﬂi eventually end up waiting to write.

- o #
The maximum waltk_tlma%g?e:

: Sy
.-a-.--a-i-w- e o, Y
% o i
e e e e Sl el 3?‘_\-’”‘-@'\- = 3
Y 3 —"iﬁ
“F7Maximum Waiting Time
: E
- '\.E:Q.$a.¢:-\.¢:- .-'3
R R I el
U ﬁ;h‘“;;? 1
P E= 1| Eae Approximately 596 | sac
L . ks .--\.-\:53-\.-
2
A ok
oo e e, sl l.m
HEEE Lh I‘Jﬁl Approximately 4.77 | sec
B e R L T e ¥
L e e e o e B g e e e e
iR
e e e R e 1+"H-"{$"-H-?’¢} cd
ﬁﬁﬁﬁﬁﬁﬁﬁ S :ﬁ-.::ﬁs 3"-’$"-‘
TR i

e A e,
e
e

R

never arises.

SWIGENESIS MANUAL
Hew, C2r2002

CONFIDENTIAL # 106

" ABithe CPU has unlimited access to the RAMs during vertical blanking, the wait case

24

PROPERTY OF SEGA



6. HV COUNTER

The HV Counter's function is to give the horizontal and vertical location of the
television beam. If the "M3" Bit of Register #0 Is set, the HV Counter will then
freeze when trigger signal HL goes high, as well as triggering a level 2 interrupt.

N3 Counter Latch Mode

0 Counter is not latched by tigger signal

1 Counter is latched by trigger signai

M3: ister #0 it

Regis
5

;

Non-interlace Mode

L e
oo R i
£

$C00008 ver | vee | wves | vea | ves | vez |auck. | voeid 018 - jau}

ol e e el e ] -
HCB | HCT | HCs HC4 B 7
.
HCS HC3 i ', (D7 ~ DO)
HG2:. ] HCY
o S S o
{!--\!-!--\!-!--\!-!--\'}-!--\!-. = o
o A e T
e e 1
] s~ - o o e
e, e e, e
e T e o e e e e -
o S o e o o T e o o e
e e S e
o o e e e e e e
W e . L =
o el e el e ]
LR e R R e ]

$C00008 ve7 | vce vcai VC4 | VC3 | VCZi L wcH | veo | (D15~ De)
|H-::a HC7 | Hee | HEB | mce | HCS | HC2 | HC1 | (D7-~Do)

b e e e e e
s = e Do Do e
s R e e e e
e e, e e
W s e e
S 4 o
S D e
o B e EEA s
- B ] -
o e
v o
4 L
o 5
e e

vcﬁ i vc? —— .-"\.."\.."\.-"\..'i'.'

i iy o

unter: ~ VoD | Bl bt H‘Cﬂu ter: HC8 ~ HC1
£ n

am i i S i I el i A
"umin el e D ennlee Dl il e I
e e e e e s e
el e b e e
e
i i
: ;
Display Mo g ; e Moda Counter Data
splay Mode Countar:Data o Display r
L
gt 5 s
e WS R
i
V 28 Celi 0~ DEH i H 32 Cell 0~ 7FH
b )
i
st T
L T
e e Rt
II|II Elﬂ Gﬂ“ e -w-.-:ﬁ:;‘m-m- e H m Gﬂ“ 'D =i QFH
o T e e o -ﬂ- -c "t
el e ey D
A R e e -H-'-: -: RN e e
Tk R
Ry .g e e
-\.-. -\.:--\.:-.-\.-ﬂ--\.-
el Dl
:- :--C:- -\:--:

The Gﬂ‘ﬂntar ‘only has aight bits each for H and V, so Interlace Mode and 40 Cell (320
dot)i muda& . present somi@ problems. During Interlace Mode, the LSB of the vertical
positian.is replaced:by-the new MSB. The horizontal resolution problem is solved by
a!wa}ﬁ“;{mppmg trmﬂ.sa

ffffffff

e R :.!--\.-\.--\..
o o
R SRR, R
A e, e
o 5 e
p e e
= L A
pR L)
it s

R
mmmmmmmmmm

i oA ‘iﬁ"*ﬁ@" Eaunters value is not valid during vertical blanking, check to be sure that it
Hnis active scan before using the value.

mmmmmmmmmm
........
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H. DMA TRANSFER

DMA (Direct Memory Access) is a high-speed technigue for memory access to the
VRAM, CRAM, and VSRAM. During DMA, VRAM, CRAM and VSRAM occur at the
fastest possible rate (refer to the section on Access Timing). There are three modes of
DMA access, as can be seen below, all of which may be done to VRAM or CRAM or
VSRAM. The 68K is stopped during memory to VRAM/CRAM/VSRAM DMA, but the
Z80 continues to run as long as it does not attempt access to the 68K memory space.

The DMA is quilta tast during VBLANK (about double the tightest possible 68K loop's
speed), but during active scan the speed is the same as a 68K Ioop.

Please note that after this point, VRAM is used as a generic term for .=
VRAM/CRAM/VSRAM, B g
£ T o
DMD1 | DMDO | DMA Mode T, &
ﬂ SME Ar m n vHAM {E. .....
1 0 | B. VRAM Fil s
1 1 C. VRAM Copy R

DMD1, DMDO: Reg. #23  * DMDO = SA23

Source address are $000000~$3FFFFF (ROM} i $£E FFFFFF (RAM) for
memory to VRAM transfers. In the case of BROM to VRAM transfers, a hardware
feature causes occasional failu the following two conditions are

observed:

* The destination address

o

5 2 & e
* The final write 1@1 use the work; RAM:" There are two ways to accomplish this:
(1) by copying the DMA program into RAM, or (2) by doing a final "move W RAM
address, @?Em%"
oo
Ly

H-ﬂ-"{-ﬂ-ﬂff:ﬂ{ﬁ"{#.ﬂ-ﬂ-x#?f"
s
-

A <
1. MEMORY TO VRAM

transfetd data from 68K memory to VRAM, CRAM or VSRAM. During
15 DMA 3l 68K: processing stops. The source address is $000000~83FFFFF for
$SFFOGO0~$FFFFFF for RAM. The DMA reads are word-wide, weites-are

AL o X
AT, pr-VRAM and word-wide for CRAM and VSRAM. The destination is
A T :
Pty ey = eal
P g i
gt e
SR -a-:-'um-hﬂfw-ﬁ
UL, S
Pt
i Eriopd | cp1 | cDo | Memory Type
Rieei b
£ a
e L
Rt 0 1 VRAM
e
e
el
& 0 1 1 CRAM
1 0 1 VSRAM
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mm.li“l_ i
M1 (Register #1) = 1 : DMA ENABLE.

Increment number set to Register #15 (normally #2).

G W

Transfer word number set to Registers #19, #20.
D. Source address and DMA mode set into Registers #21, #22 and #23.
E. Set the destination address.
F. *VDP gets the CPU bus.

G. "DMA start,

H. *VDF releases the CPU bus.

. M1 has to be 0 after confirmation of DMA finish : DMA msa’%ﬁgg

ﬁﬁﬁﬁﬁﬁﬁ A
SRR, e
A o
e e T e R,
DMA E P e R A e
Er Ep 5 L ey o,
o e el o e e
R T o
A A Ipmi i, =
e o e e e e R LB
B -c AR e
e, S

You must set M1=1 only during DMA: otherwise, we W guarﬁﬁe the operation.
Source addresses were increased with +2 and destnnatuﬁﬁ@éﬁkmamrea&eﬂ with

-
f\.-ﬂ-.-\.-ﬂ-.'\.-ﬁ-h-ﬂ-
Eﬂn En n I_EIEF # P T
g T . '.--ﬂ-:--ﬂ-:-{:--ﬂ-
e el e T
T T e
et T I e, e o g
R e g e s e L Y ~
R e R e e R e e L
. Rl e e e ey b
e R e e e e R e
:-k o K E s K R K e e K
e T I
L= :-- Lt e R e
'\--\.-\.--\.l\:-j.-'
er. IS Er annt i
o
.- .--\. p S S
-
Rt
o e
Registar #15 | INCT INES %
c INCE G INCE. |- INC2 c INCD
A L !H ity E i” 1
I T 5
e i
'\-:-a-.-'-a-'\-'-a-vc-#-a-ﬂ'-a-@' "\-?:- &
e e e 'i?-
..... b
] A
4 INC7 INCO : H.Hmber of increment
o
e
e "-'{:--ﬂ-

g 'Jw-:'\-'

Register #1 uﬁ-, @sp IEC | ME | M2 1 0 0

Register #19 Tlereliies f aes] ee | ea | wee | e | weo

LG12 | LG11 | LG1D LGS LGB

SAS SA4 SA3 SA2 SA1

SAIS | SA14 | SA13 | SAi12 | SA11 | SAID | SAS

SAZ3 | SA22 | SA21 | SA20 | SA19 | SA18 | SA1T
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15t $CO0004 CO1 | CDO | DA13 | DA12 | DA11 | DAID | DAS | DAB | (D15 - D8) .

DAT DAS DAS DA4 DA3 DA2 DA1 oA0 | (D7 - Do)

2nd SC00004 4] 0 o] (4] 0 0 0 o (D15 ~ D8}

1 g 0 chz 0 0 DA1S | DA4 (D7 ~ DO)

LG15 ~ LGO: Number of move word

SAZ23 ~ SA1:  Source address (in 6B000)

DA15 ~ DAD: Destination address (in VDP) e
CDz ~ CDO: RAM selection A

-
a
Frs
o :
e P " o
o b
MR, e r]
aaaaa i A
B T
2. VRAM
! - b, ek
- S, B
bl L,
e
et -'\- + -c'w-:-\.
S
ek
m from fr n VRAM ade rmﬂ ‘.!.{HA
e fills wi Q ek
e el R
5 -::--c o R
R
S
o
T e N g, A,
il IR L
i seltdmiliatas, el e
ow [0 5@ : G e et i
o L e b L
= N e e
o el A
s Ere el e
oo R g el -
e R, bty ke el i
F o o oo e R Ml
: AELE Al e e
- EEIE Er . . o S R b e
R Al
el B LT e
aaaaaaa . S
B e et
e, p
e s e
el o e
S e
B. Increment number set to #15 (normally #1) S
s
S
o -
-:-:-.-::-iﬁ-.-.-.:, i
e e Y S
e -a--'-'\--:-a-;:-;-a- fats
o o S ¥
vvvvv S N G S _’:
Fill siz #19, #20 LG
M e
o e
A o e
- A e
e L LR
I i e
- -
-\.-:--: 53:. e 'y
D. DMA mode set to #23. i
& o
o i
R e
pd S e T T -]
e e S s
e e L s
e S e LT
g &
E. Destination ress an 2 i
= el
..... e
e

e
P % k;
i S o
F. "DMA start. W
' g o

=
-ﬂ-

G. Mi=Q mmémrmanun of flnlsh:ng DMA DISENABLE

et q.? R e
e i

e e e S R
“““““ indand- }-“ﬂ‘a‘{#'\{-ﬂ-'\{-ﬂ-\.-ﬂ- L e, L R
T '\-'-a-'\-:-a-'\-:-a-:--a-:--:-:-\.-c:--\.-:--\.:--
o
e
i
Fod

':

;;h‘ﬂ hnmd be tin ttﬁ 'DMA transfer; otherwise, we cannot guarantee the operation.

Da&%gn aﬁﬁﬁss IS incremented with Fleglstar #15. VDP does not ask but open

S Sy e iy
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Register Setting. Register #1 has another bit.

Heqgister #15 INCT INC& INCS INC4 INC3 INC2 INCA INCO

INCY ~ INCO: Increment number

Status . . . : - . EMPT l FULL

T

SOVR C QDD Ve HB DMA PAL

DMA: 1. DMA Busy

£l Not care
Register #1 0 DISP | IED M1 M2 1 0 4
Register #1% LG7 LGS LGS LG4 LG3 LGz |.LG1 | tGo
-'\:v-:‘i‘.-‘ﬂ-.-vﬂ.#.-
I . it

Register #20 LG15 | LG14 | LG13 | Le12 | Leit [siginsd e fiies §
Register #23 1 0 0 0 a0 o gl o
151 $CODD04 0 1 DA13 | DA12 m::lﬁﬁm 7DAs | DAg | (D15~ D8)

DA7 | DAB ;:?ﬁﬁ'ﬁ““- DA4 [DA3 | "DAZ | DA DAD | (DT - DO)
2nd $C00004 1 0 0 0 (D15 ~ DE)

0 0 DAIS | DA14 | (D7 - DO}

SCO0000 FD10 FD9 FDA {D15 ~ D8)

FD2 FI1 FDO {07 ~ DO)

':LG15 LG Fill byte number
L DAYS ~>£At: Destination address

?1‘#1‘

““‘ED*]E %nu FILL data

R
s

{"'1‘

aaaaaaaaaa

- -\.-\. G
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Example 1 Fill data are word. Register #15 = 1.

1. V-RAM address is aven,
A. First, low side of Fill data are written in V-RAM address.
B. Second, upper side of Fill data are written in V-RAM+1.
C. V-RAM address is added register #15, written upper side Fill data in V-RAM at next
each step.

2. V-RAM address is odd,
D. First, upper side of FILL data are written in V-RAM address -1. y
E. Second, low side of FILL data are written in V-RAM.

st . i
ame as (C.) g
v " o avaviape, S e
i i e
" B L
- R o
s e -
" e S
e -
e i

VRAM address is evan vmmﬂhm b i

i e e o e R e
e O AR
iriale e Dl
e e T
ADD ar) e B e
(A) VI - | [D} it ,ﬁnn =i e
ru=a =il o e A
e S Rl el B AR R
e L | e e e A R
.- e L T e e e
e, = FERTES o D e
AD 2 o -, - e i
+ (8) (C ADD | gy, Peddi,
Lol i e e L
fog e L ] L e b
s e e e B pR e e ]
o e
N, e
ADD + 2 Sy
+* o [y oty
e lnmar e -
» il e,
R - i
e e
e S e e el el
ADD 3 AD.ﬁ-ﬂ--\..- . L o
+ (G) e e | ) B
I e e e ] o
el e D an e o e D e, -~
" el tg e wln o] rn g e,
e L Sl
£
¢ i R AE T
e - o e
+ C i ADD 48 L (R
P o= . o<
P e L o
s e, e
o L
——— s
s e
ADD + 5 (C) L ERBD.+ 4% o (F
CEE T o, T =
T e R, i
s ey e 4
o St LR Rt Lt L, e, D s, Sy e e
e e e o e
M E T et
ADD + 8 C i ADD ¥5
(G A {F)
E 5
el e ot
i
A
ADD + 7 i
£ ¥ ADD + 6 {F)
i o
L e
P
T e e e SR O
W e e e
o e e, ey e L
e e S e e S . ADD ?
- i M e i e e e e i =+
b e o e, e e D D e e DR
et
o s = e R
LA N e et
a S o et - i
Lt i by vt
F Y '
o ou must rewrite data (C) into ADD + 1 after write data (B)
Ly L o e e
e el Ll
S v s Fw e
o on e Do el e, e, =, o
e el el e B e e e o
S e e ey o o
o i e e e P d
R e S - HE
S EEE
R, e
Eidtienn
s i
T,
diin, SR, I
s, neh e T e S e e W
o e e e e o e e el
o e
. i
e, L A, e
- a3 o ram ., e all
L) e " e T S T ok e s e g D O] e, =
- e o o e o T S e e e S e e e
- o o e D T D L e
o o oD e, o "l e D e T Do o el o
z e s
ERTHE CErE

o
ALn e e e
ot e e e
o e e S
e
o e S e e
i o g e
R
o
=
-
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Example 2

VRAM address = even

ADD

(A} lower Even

ADD + 1 (B) upper

ADD + 2 | (C) lower

ADD + 3 upper

ADD + 4 (C) lower

ADD + 5 Luppar

ADD + 6 {C) lower

ADD + 7

ADD -1

ADD +1

ADD + 2

ADD + 3

ADD + 4

ADD + 5

Fill data are word. Register #15 = 2.

VRAM address = odd

(D) upper

ARD | (E) lower

(F) upper

e e

o
e PREE
L sk,
o AR e,
b P e
e g e 3 e e et
oo i e e e e :
e e e R e e

e e T e e
o e o ol e e
o e

. e e e
R ke
Edmhn e

o i e
e e
FL-Eta e ineiel D
o o e e o, el el
i pRE o
e EhEsw s Sad e e S e e
Py o e e e
mD E_ = ey T e
+* - M [ T R
o T o el e T e el
s e iy e e e e g
e e e, i e Jot) i
b ® o e e ':\.'

r: W e e e,
R -

e P wadnd
ADD + 7 v e
S e
g s v Fah
Ly i e
R Ry e
o i
s,
f-T o
s e fo e e e
e e, s R
e R
e e i B e
Fog e e B T
[ e o
oncRn ol o SO ks
H W B M o . . i B T R
:ﬂmp E | = | afe ﬂe i [ e e
f 2] e Ao
Al [ Fa Sl e g
e s e R
A [ Pz s
P th b et
PR A #F
oas e L i
. e s
- address is even !
" A ik
i %
i ot
g R b e, o
= - = a S e e e T e i
S e Y e
0 B B B e 22 A 6 B R oy
L0 e e 50 B R g 1o
e R v
ek ey
Fw)
2. V-RAM ad ' ¥
4
L, L d 0dd 2
d0arass 15 . =
oo L, e
o Sl i
& A
(D) = (E) = (F) 4BYTE DATA  um
o i
= i

L
o
B

to destination address by number of Copy

4
et -
el =5
R Heel
W T i
e e el Rl e,
W e e e e
s et O g e e e D D e D e ] e Qe ey
e o e ol e e R e e D o e TR e e e
= e e e e e e e e
4 R R e L
e e i e e e e
o P2 R
. ] el
L] - e
= e L
e b
o= - b
e L LR o
o i ] e Ch
el Y Rl e ®
—[H ; - i-ﬂ-?-\. .I?"- r el
. :
I8 function:copieas f source add
ks tunction:copies frgm source address
o Dl e o e e, T S e
e el e e e R e kel B
E e e e
L o e e e o
e i Lt
oA A e o e T e R e
P e el L L
L W e
. - o hl
e e el
e E R A Rt
A T A o e o
e S SR e e, e O, A e e
L R e o e B e e e e Aol
LRS- RN - 19 -\.-.-{n.-{.- > - [
e e e, e o o - -
sma AR ERegister #1) = 1 DMA ENABLE
L e ] Ty '
B, Number of copy bytes in #13, #20
it il e Es 1]
"ot R i e e e
e dd DMA m '
L:"Source address and ode in #23.

e

+D. Destination address set.
E. "DMA transfer.
F. After confirming DMA finish
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DMA starts when (D) above is finished. Apply M1=1 only during DMA transfer. In other .
cases, if M1 = 1 is set, there is no guarantee that it will function correctly. At the time

of DMA transfer, the destination address is incremented by the set value of Register

#13. During DMA transfer, although the VDP does not require CPU to make a bus

available, no access is possible from CPU to VDP except for PSG, HV counter, Status

Read. DMA transfer finish can be recognized by referring to the Status Register's DMA
bit.

Example With Transfer byte = 3 at the time of VRAM Copy

Source Register #15 = 1 Register #15 = 2
Addrass Destination Address Dastination Address

i
DATA 1 DATA 1 DATA Y J&
e e
o e e,
Eey e e
e DR
il
DATA 2 DATA 2 Eii
LR
oy o
el R e i
+g:-c 3-a-:n:-a- e
DATA 3 DATA 3 o DATREE
P Tl
S, e L
e el -
.
b
w

DATA 4 o

DATA 5 B, DATAS |

" 00 e, P
LS o e Gy
e e e o
P b¢§+x+ = o
Lt \'i E‘Q‘x
R
DATA & i v b
R o e TR
fe, k. el T
N A B
-~ q:;:" '
L B
A i e
DATA 7 £ i
i L
wee L el e oo
il . e e o
3 ol i e -
Ao, R
-\:-:-'-a-:-'-a-vavmmﬁ e e L
oS R e SR [ 7
e q.;b?q.‘ﬂ'h{? ] :ﬂ-
e s
R ]
) e
-
el
L :‘:C
] -
" el
-ﬂ-g;;’?{ o el e, n e
ST et el nm ] ™
et
= T
- i
Caution r 2 :
et =
torn B
e
.¢ﬁ§++$ﬁ$ﬁaﬁvﬁ>x
PR e e o e T Y
Sl e .,
In the case o VIRAM Copy, *aad't .
eo : : from VRAM® and *wri AM®
; read a rite to VRAM epeated
By arE r

per bﬂg;éﬁ?‘?nerﬂfura. wghzen thﬁgguume Area and Transfer Area are overlapped, the

transfér may not be performed correctly.

PR
SR, -

s
oo i, F
..... PR Hitin T E
Phs B o 3 ]
A, o -
ke A h frpiaia]
i ke e Pl
e g
e e
A e
B S
e ok

i
G A
o T
e
e
PR
-k
bl
a8
et e -
o o e e e e,
R e R S R B
e R e e
v v A e
Bl
TR
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¥

Registers are as follows. Register #1 includes bits set for purposes other than DMA.
Therefore, pay careful attention in this regard.

Register #15

Stawus

Register #1:

Register #19

Registar #£20

Register #21

15t $E00004

INCY

INC& | INC5

INC4

INC3

INC2

INC1

INCO

INCT ~ INCO: Incrament number

SOVR

G

FULL

P

T A
EREREL R
o e e

B o
e e e
et e
A A
ﬁﬁﬁﬁﬁ e

A £
e,
e
Bl
R
Labgt
e
e
e
e
b :-\.:f
=i g
e e e Loae
A e
A e e

.

(D15 ~ DB}
(B7 ~ DO}

0 (D15 ~ D8

(D7 ~ Do)

£ =L
ﬁﬁ% 1 1 0 @ 0 0 DA15 | Dal4
g ;
+z§§§:§ -3 T Y
SEEERRR ﬁn-g”’i’o‘-_g o S
i e R
% LGT5 :  Number of copy byte
;xgj "o BA1S~ SA0: Source address
4 Tl ~ DAO: Destination address
f5 i
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4. DMA TRANSFER CAPACITY

Transfer quantity varies, depending on the Display Mode as follows:

DA Display Transfer bytas
Mode Moda Screen Scanning per line

H32 Cell During effective screan 16 bytes
MEMORY During V Blank 167 bytes
TO VRAM

H40 Call Duning effiective screen 18 bytes
: Durng V Blank 205 bytes

Haz Cell During effective scresn 15 bytes
During V Blank 166 bytes
VRAM FILL

H40 Cell | During effective screen 17 bywes
During V Blank :?ﬂhqaﬁ:fiﬁiiiii”e

G
e e
R e

i o e e

H32 Ceill During effective o T

SCMeEn B cupwes

!-l- - ++

Dwring V Blank P e

P > :': e

- e

VRAM COPY " R
I-HD E.ﬂ“ D..II"I 5 £ ok e b

LT =

ng effective screen e o0 R g i -

T Tt e it

A Sard i

During V' Blank g )

Ry o i

L g

= £

vvvvvvvvvvvv

e e

In the Memory to VRAM, in the case where GRAM:and VSRAM are the destinations,
number of words (not bytes) shouid apply. One sﬁ&nﬁﬁ*‘? Blank allows for data
transfer to all the addresses uf GM .and UEE&EI T

e,

-\:-:-\.-\:-x-\:- e e
S

-

Note that when calculating, thé}m@ﬁf’“miw‘ﬁf‘bne screen (1/60 sec) varies
depending on the number of lines‘drry V Blank (refer to Display Mode) in the case of
NTSC (video mgnal} aﬂd PAL systems.

iw %ﬁi P 54 i
i, p ;.E;. .

e e =
TRE
K fssrre i
PrEE Wk, 4
PSS A
S
% ere R fﬁ*l DISP=0, i.e., when on-screen display is not made, the Transfer

is thé same as Transfer Bytes Per Line during Blanking.

aaaaaa ok L,
& e et AL e e 33$¢ e
o o e P e - e
P B
i g
A R
m e,
;;;;;;;;;
AR,
b e e
A, o
B
A
ek S B
b
B E
e
g
*
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SCROLLING SCREEN

There are two different scroll screens, A and B, which separately can scroll ventically
and horizontally on a basis of a one-dot unit. In the horizontal direction, scrolling

overall or based on a one cell unit or one line unit can be selected, and in the ve

direction, scrolling overall or in a two cell unit can be selected. Also, the scroll screen

be changed on a basis of a 32 cell unit

sSLZe can

...
=Y
=,
o
o
e
el
T
= e
O .
s S aetal o
S s . -
s S e o
W A oy
s f e s e,
o i
s I JEAT AP et
o oo e ek e e,
T el e e e e e vy e
R AT EL g gt T %
g e e e e g S
T e e
Pl s
ST e o
ok el Ly
T
e e e
. e s PR PRk E E g E
R e P X,
e jes vy T
R ey e ol i -
R bt ot ey
R iy et e,
R i L et a2 L,
in S, Ak e
L S e
. S e o B sk
e v R PO s e <
S o el Sk
ke ol | SR
i ol o et L -
ok e el S
vl T oA e R e
hecicr ] Gy i pEY EA S
bt e L PSR e
R o A e
gt AL L
] Do e et LRCER
e SR
P PR Lrtedaiy
E by SR e "
Lo Lt o W -
s oas SR R, CF
—-— b Rl Los . Py
R e s
H i o AT
P e s
S PR
L e T T FECTEN
e o e,
E i penh i,
i JERLELICRL ) EL
—_— H R SR A %o
o RS oty
T ;e R T
e 1] ki
H iy i T e
T EEig
Lif et e =BT o
c i ek i s
LL 5= Rert re e
ol Py bl frite
5 ] PRt bt Fe
LL et R k)
Eaet e Py Bl
G o e Y
o L L
% e ey
b A oo
v, i e LUCTIRTDy
T e e
s s o e Y
SR
et
e
bl T
e e
el 0] 0.
e .
s B rlione
TR AT S oy g ey
B e L e et
e 3 e e e i
....vw.........n.v.. S R
L e e ' h
e e e,
= e o S
=i e ol P L,
o . = e i kg
SR .
sl .
r—— LI . e ey
e ] o,
B e - P
e & e
A e i
T Fi Pl e
oy : g el
o vl bt e e Ll
- e s el LML L b
¥ e T S e i .
minip] o R e i
T e Puln
Lainy £ e SR
pmi e Sl
e e S S ROk,
e e e e
e e L
2 cb LR
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For the scrolling screen display, the following register setting and UFIAM are required:

Scroll "A*® Pattem Name Table Base Address

Registar #2 0 0 sa1s | sate | sas 0 0 0

Scroll "B Pattern Name Table Base Address

Register #4 0 0 0 0 0 sB1s | sB14 | sB13 |
Mode Set Register #3
Register #11 0 0 0 0 IE2 oo
] st
Mode Set Register #4 ¥ F :
4=
Register #12 RSO 0 0 0 SITE

H Scroll Data Table Base Address

H510 ‘I

Register #13 0 0

Scroll Size £

Register #16 %ﬁi L

o

; E% %#Qa@%&%

=
)
-

=

VRAM ﬁﬁﬁ&

i
- Lo

roll "A* P

Max 960 byte

Max 80 byte
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SCROLLING SCREEN SIZE

The screen size can be set by V821, VSZ0, HSZ1, and HSZ0 (Register #16). The
following six kinds can be set for both Scroll Screens A and B.

32°32/32°64/32*128
64"32/64°64
128*32

o
32 cell 0 0 H32cell i
e Y e
L e ol
e ey b
D .! u- II e e, SR -
64 e g
o8 0 1 M54 all EELE: et .
A oal ST e T
L e e e e A T B
ERIETILEL
1 H . R
1 o Prohi £
= El
e et ds ol
.-.-'-a-.--a-.-j:-\.-:-:- A
L e (] r e A
1 1 V128 cell 1 S TR 128 call e
o =gk, . 0 o o]
R e o
T e ittt
o e el e e, e e e o
:

L L = A R = = L =

e e e e

Scroll Screen's Pattern Name Table Address exits in the VRAM and is designated by

o

Registers #2 and #4. Depending VRAM a x:Scroll Enraeﬁ ﬁﬁrr&smnd to each other
differently.

GEdadaia b,

e e e e e o e, i

o R R A e e,
pi] R e A
o SR O )
o & R g )
e i g B
s, T o PR
matlnd wh i
PRE S e b
Example e :
e P
o i
ol L
e i
e A e i
o A e e ",
I e e
* e i e e e A S e e
I r 1- = e e e D e [
e e i
Lok © gy
e e
i
e
i ]
o P
s P i
Py Sl ot
ﬂ 'I-c.--\.:- L
ey T 1
ks e
] e
E L1
EI ey ol
x -
0000 | 00027 . 003 | 0036
o £
PRce mlm
e
i FEgrras arrmepanraserne: SR
m-\.“ B PO O
a B SO e S
R 007¢ | 007e
R e
e e
]
. Sy
s oy
& e
ol 5
e
e
e "
ek
oo
fRacy
Gk
n
5
e
07 O7e
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Exampie

Register #16 = 11H: 64°64 call

684 CELL

&2

- 007c 007e

st
e
e e R
PR e S S
e § N
¥ A e
ey e B
Jekn e
A o A
vy e
o o
i, A
S e
7 | 17
2] S ]
LR, PRt
i e koo
i e e
1 feo et e
. s Pt 5
I 'lﬁn 'I'HE PR e T, e B s
e o i e b
L e e e o S e e R
El e e I R
e e e e I e
i e e g
A S
N R

b e
D R, et

Ao T e el e
e s A
e, e . o
m E e b B L e i
e ha o e
B e T e -
e ek e, e e A Sl e o
o i, o B w
R et R
E'ﬂ- e o L e, el
9 e e e
- L] ol bbb 2
1 Er - m Lol el o 4
A R
R e
e DD o,
. S
. e e el
g i, g
R, e
o e e e
B e ot
'I '1 EB GE e R pE
B = 127
g e e e e e -
B Y
0 " ) A e
0000 0002 - g, 2! G
i, L@ mP | oofe
b AR 2 ey
s e L P
e T, ol Ll
1] o100 | o102 - 3 T D1fe Otie
s " ok
e i v
'+:-'3 .-ra-:-'h :?'-a-:ﬂ:; +3 g
e . e s
PR S R
r #ﬁ#h#ﬁ#iﬂ'h#hﬂ#ﬁ# . .'ﬂ'?j-
R S e e e
T A
4 :
T oL
i 3
32 call &
A & ke
L o A
el i, L gkt
- LR s
= R
i i
e G
?' =2 e
e b
e i
o= e
30| 1800 | 1 i,
et A, tef{: T'Bh
o R e
y}'ﬂ'}.{}.ﬂ}i#d‘ﬂ' L g D Ponm
e s s e
e b e e
3| mwo | o2 ~ e
s TR - fic | 1ffe
B, R T i
s b R
L —_—
e -
P e oo
P s
x ey
=

A valu&;%%ﬂwﬁ?in aframe i

e

MRS e o e e, M
Sln aimtelx e e e, e,
e e e e o e
y e e e e il el
e el e e T
R N
e e e e
SR -
'\..-\3\-.-\.1.-@.'\.-3 S
s ST T
bR e e et o P
e -\.-\.-m.-.-\.-a-i e
e e o e e e B W
i e e
Es e S o R S
s e e e e
A et B
P ] e S
e e o
S G e b I
o o e e e e e
e e b e R e
i PR e i R e e
R R e, e e e e D e i DT D
e e e B T o
e TR e e
e e e e e, "‘"-"-{-ﬂ-:":}'
e .
S S
DL
e
ey G e -
e
e e
e e
L
e
AmaE
P
e
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2. HORIZONTAL SCROLLING

The Display Screen allows for scrolling overall or based on one cell unit, or on a dot
by dot basis in one line unit. Either one of the above scrolling can be selected by
HSCR and LSCR (Register #11). A setting applies to both Scroll Screens A and B.

T
ST
1 F"ﬂ“ﬁﬂd R R
a R TR ARATE TR R
<. LA R R - ]
i g e a
- o e
s S
H S e A e
1 0 Scroll In one cell unit R F i
A, A R R
e i
G e, eva
bR R
i 5 R et
1 1 Scroll in ona line unit # Sk,
- SEde e Eaes
Pt EEEIC Ly
. e s b L
D P S i
mmmmmmmmm
SR ER R b TIRERRTE., ad
e e R e o A T
I - ~ e . R e T N N
r 1 e e e S
o g e e e e S
R -
The “ﬂ‘?ﬂ"“ﬂ scroll quantity is equivalent to 10 bits (090H. ~ 3FFEH)..
o o A R -
.n."{-ﬁ-.{-ﬂd-ﬁ- s AR, e
g CHEEEAE T e
-a-x-a- v.q.-ﬂ-.a:q.a:-v;.-c-a- o

e e S e DD e e, e e B

Taking the Display Screen as standard, the scrof Egmm&gﬁ“ﬁq aﬁﬁi}m

Horizontally s::rm%g quantity aamw

J 1

| 'E.,;a ol Screens A and B alternately. Also, the scrolling
mﬂﬁn varies depending on the following mode (overall, 1 cell

-"-!-'

Every 8th line starting from line 0
All lines

o
Py
G
o

[
o
i
L
.
—a
3
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A - Scrollivy

b e el e,
e ol e e
e S
el ]
e el e

-
NP S
(o S ol
LR e
i i
b o en
g i e
i P
£ i g e
E R R
' ' i AR
| R
o = i, sl A A
- - AR = e g
R e RARRRER T g
SRR PE A
R R R
PR oo
i s A R R .
: auh — e e Y, ~Ea i
i sk _ RLASE A i,
m Hm CERRAANEAT ot} ol B,
. ek S e e e e e,
| i e L i,
; m m m m AR ek L o,
£ T e o w e
| o = . . ol - el e, 5
i | e | = i | sie . O i i, =
¥ o M e A B e,
s oo S
- PR RERimey e Propsa T KEa
o e e et AR, B
LET B SRIEH [k S [
PP e e e e o,
AR R P B e
” o e o o e e N
| B PriseE P A
e M it o g N +
”— .,“- e e T g D e
. g A dr
e R o e e e | =
e e B a
R e GhEar
T ] i
o o -
. o S Y y
| o o o el o " L-=9 L
k- e e e D o1 b
| w2l s e £ ki
| < |m [< {m |« |m I |m | {m o] M B s o
o " - e P (s
S A re g
Bt RS .
e A s’ =
i i) & 2 i} e el o e m
4 e e .nu..h.n et
[tk pa SN 1
e R b - S e
; g .Jw
Fra [re. — —i— — 1
e 1 [
B |8 |9 |5 |5 (05 o [0 |8 |B B &
u3 e b 24
zlzlzlzlz -
Z . e i o
1 L . . X PE o -
=1 .m_ aa oo b T
Pt e
& P DR B D
) e e o4
wi e == .
e EE= 1 o
el P 48 =
i, P e
a2 SR,
= Filgir|e T
£5 TEEREL
[ - — - — - - - 4 — — ™ £
= = = = E= = = = = —
[ 1 ] v i i 1 ] 1 ! E

B - Scrolling CRiangty of

e X
b o
P iy
R bRy
b ble ] L
L6, e e L s L
e e e T A e
e e e e
e e e
b I e ey
[ e e e e
= fon et PRy
— - e L e
e e s e
sy i,
A 5%
: ke 2
- O EREEEEEY 5o
- ERGEEEE G
] PR
et e
L i,
. e et S R e
od ta o A T
— = - S =
ke *
= e .
ey !
. O T %
; e
-— i F
L i
b
—

14

. R e
o ke e
W el i e o
o e e e e e e e
ety e R
o
SR
e
i P
e s

P e e
e e e e
e e i e
e e e e
e e

Eoame X Wl

ic
1E
20
22
3FC
3FE
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3. VERTICAL SCROLLING

The Display Screen allows for scrolling overall or every 2 cells in a dot unit. The

sefting can be done by VSCR (Register #11). A setting applies to both Scroll
Screens A and B.

VSCR Functicn

0 Charall Serof

1 2-Cell Unit Scroll e

VSCR: Flegister #11 R
The scrolling quantity is equivalent to 11 bits (000H ~ 7FFH)..:However; it will be as
shown below in the Interace Mode. "'E"EE:?E:E,:,M;

el
o e e
e e

Non-Interlace: The effective scrolling quantity is eqmaggfgnt to 10 bifs...

E] =
e S -c--a-:-c-'-a---'\--'
i -::-' Do LR S S
ey s P B
R TR A, e
A= e, Lo R R e ) A
" R ] R e s e ] e
n E EGE me as a VE S RS St o ey e
L] 1 Lo S e T Lo o e >
e el e, L
e e R
Il e e LR N
st o EEnG
e A, EE et
':.-\.-\.-.-\.-\..--\..-\.-\. Lot
interl 2 Th 11 bi
g
nterlace 2: e effective scrolling quantity is equivalgnt.to'11 bits.
P R
PN POt LI e e
e oo
R
Taking the Display S He scroil
aking the Display Screen as standard, t ﬁﬁ dif&ctrnn will be as follows:
o B
- i -:.--:.--:-\:--'
L o P CR S
Py 5 T T
e e o {;c- _;..::
I P
ot Y g .
ol et
'\- L=F
ot o =
e, E -
e, el e, e ot
e, +<+x+x+ e L, Lot e
Iy e g e i O e e ] o
-',.1,5_-'-\:-'\-'-'\-'\-'-\:-'\--\:-'\-'-\:- S e el e
S s e e S ., L
R e e S e e E, e
Sl Lk
o
. e
Mowi fr i
ng s
= wm e
i - L 4 e ey
Direction.: Quankity “ies™
. Ny ol
g A
b s =
: % 4
F.os D
- b
g £y ]
.-'&-:. L
ey e,
= e e e Rl e e,
B o i = e e e e e
e R e e
S o
B e e e e e
e e e L R e
R
P e - R
.-!--':-+ !- !-.n.-ﬁ-
o)
EEt:fh /Scroll qum,'mty by VSRAM.
e --c-c
% By
i

ﬁﬁEE}'ﬂtﬁi’jFﬂEt EEE seroll quantity of Screens A and B. Depending on the Scroll
te; the DEI&EEHEHQ positions differ.

- "-{-ﬂ-'\.-ﬂ-""‘ﬂ-""ﬂ-

M e e o5
T B e e -\.:-
.y R e e
Pt B s e el
ot R e
e e
il e
A LRl

P o

o L

. Owerall | Only at the beginning

e T R

o

= 2 el Set o all

.q.'\.
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15 14 1

3 12 11 %W & &8 7 & 5 4 2 3 1 0

| A - Scrofling Quantity of Screen A 0, 1 Call, Overall

| B - Scrolling Quantity of Screen B 0, 1 Cail, Overall

| A - Scrofling Quantity of Screen A 2, 3 Cell

| B - Scrolling Quantity of Screen B 2, 3 Cell

| A - Scrolling Quantity of Screen A 4,5 Call

| B - Scrofling Quantity of Screen B 4, 5 Ceil

o

| A - Scrofling Quantity of Screen A i :&-.,?ﬁﬂ

0E

:
=
i B - Scrolling Quantity of Screen B % |e.rceit
5] I Rl
mmmmm
e e, e
= e, o
L e e a
el SRUSER O ol
aaaaaa P SRy e
- SR £ e =
it L e o
A e ol e e e
- e e e e e e T B
St L
o e .

e

e W
e L
i 2 e D el e

P Y
Aol e e e,
o e i o L e

4C

B

| A - Scrolling Quantity of Screed &

.':.-q.;\‘ it ) ey
"

4E

mmmmmmmmmmm

| B - Scrolling mmw*htwn i

g e (el S,

4. SCROLL PATTE

e e R o e e
R e e
e e o
B,
R e e e el
D15~D11 is indefinite.” . T
e, e el el
gl e, L e
e e e R b
e e e It =t
B R R R e e
B B e e e e R
i B L
B e e e
- L S LR A o
e 22 o BEE S
e B g F
ey L o
-H-{:--H-{:- e e
R L
bt
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p==
A
f b=t Y
f PR R e e o e
.-\.-a-.-\.-a-.-\.-\.-.-\.-\.-:a-\.-.-\.-\.- o ) e, Fiod
-\.-\.-.-\.-a-.-\.-a-.-\.-a-ﬁ-a-.-\. e ol e e e e

The Scroll Screen’s name tablé is in

#h-ﬁ-ﬁ#ﬁ#.{ﬂ-xﬂ-

‘Jl‘-ﬁil'uf and set by Registers #2 and #4. The

Pattern Name reglires 2 bytes {4 ward} per cell the Scroll Screen. Depending on
tha Scroll ScrEE"Iiis size, VRAM rﬁf ‘Scroll Screen correspond with each other

:.-"'i.;,,

S

L, :-'\"l\?l:l'l\:-:-'#:l'l\?'\"l\:-:-'wﬂl:l"'l\:-:l' g
-ﬂ-!"-ﬂ-"-’-ﬂ-""‘ﬂ-""#}"ﬂ-} e ""!- s
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e e e e
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e i E e
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+ e =
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e e e e, o4
mmmmmmmmmmmm o ol e el e el =
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e e e e e o e el el e
S e B e el e D -ﬂr
g
R R Y e )
ot e e e e
o e, 4
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e DL o Qe e T e
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a0 1 L]
L
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3
&
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Color palette selection bit (see Color Palette)
V Reverse Bit 1. Reverse
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Reverse bits vf and hf allow for H and V reverse on cell unit basis.

p ool R
TR R
Tl A
T s
At e
e 5
. o
e
- B
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s
e s
e
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el o
P R ey
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W C Be S g L el
R e o e e
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R T R et e
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L T
el e e
e el L AL L
- st LR A
T e s e e
2,
e e R R R,
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e B e R
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e e
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i
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e e L
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W e e
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e e,
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5 e e e e
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e e
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e Ho k)
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o e
e
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o el e e, el -
oot ke
SRR L
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e
e e e,
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5. PATTERN GENERATOR

Pattern Generator has VRAM 0000H as base address, and a pattern is expressed
on an 8 x 8 dot basis. To define a pattern, 32 bytes are required. Starting from
0000H, it proceeds in the seguence of Pattern Generator 0, 1, 2, etc . The
relationship between the display pattern and memory is as follows:

ap
bo
cO
dO
o0
fo

= e e
2 St BT

- 5
2
L e

cooOooOooooogm
[ [ N O O w =
oooQQoooQes
DoogooooQwow
oooQooogao
DooooOooOooQa-
OooooooOoQm

i -
S B e e i
P ) g
P L e et g e, A
u e S R e e e e e T
L P Soiaenndy e b ekt e
Aok T i
o
SR
o okt g, e
g e

s e e i =
st
SEERES
i e S
I g o
s Eocc N T
e i g e el e T
R s e e, o
SRR B P
o S e o ]
= Rt o s e &
[rainani oy i
5 e
e, ]
nibnlh i, *3%;.
b i
B R AL
D7 DO N
5 $E+ﬁ95 ]
e 3 5 -
-:::-:-:-x-ﬂa.-\.-.\_. X
00|al |a2|a3|a4|a5|a6| atd
=
ol
pE

e

04| b1 b2 | b3 | bd b7a
08Blcl |c2 | c3|cd

0C|d1 | d2 | d3 | dd [asd6 | ar

10| et [e2 | e3|ea |e5|e6 | o7 ] o8
e —_—
AL IEEAR i/

r al

o

%

9293
= a.

KR e

y-3
o
o
Q
&
©
~
ARG

‘D5 D4 D3 D2 D DO
COL3 | COL2 | COLY | COLD

Al
¥ o
]
Sa e
e e
Sl e
o
e
i, el
g e el el
e ek e
e
e
G
i
sk
it
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In Interlace Mode 2, one cell consists of 8 x 16 dots and therefore 64 bytes (16 long
words) are reguired.

t 2345678
apooaooonoan
toooooonoaon
coooonaQooaon
dooonoooaon
N e R R B -
foooooooao
<o I I e R I W W = i
hooooooono
iooooooaon Bt
jooooononao ik
kooooaooano F O N
'Dooooooan SR i
maocoQoooona g%é‘ha e
.-'\"E"EHS-‘H. Lk -:-'\-3:-
nooocooonn SR Sl
cOODOOOOO0O W cam
6;—&-“' o s Pt e
pOO0CcCOoODCOOD0 g arF T
0 1
07 Do D7 Do
001 at a2 al | ad
o4f bt | b2 | w3 | 4 T
08 ¢t |c2| ca| oa
oc| a1 | a2 d4 o6 | o7 ] da
10| of | 62§83 | 04 | &5 W’f{ &8
14| 1 Ml B |®| 7@
‘| 96 | g7 | g8
e | h7 | ha
5 | & iir ] @
#|lE| BT B
k3 | ka | k5 | kB8 | k7 | k8
Blu|s|sli7|le
'*ie_ m3d | md [ mS5 { mE | m7 | mB
4E '
;o n3 rd ] G ne | 8
"EQ%»F” 3Bl o1 | 02 | o3 | o4 f o5 | o6 | o7 | 0B
3
f? 3C | pt [ p2 | p3 | p4 | 65 | 6 | p7 | pB
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J. WINDOW

For Window display, the following register setting and VRAM areas are required. .

Window Pattern Name Table and Base Address

Register #3 0 0 WD15s | WD14 | WDH3 | WDi12 | WD o

Mode Set Register Number 4

ceRiRE
PoaiE e E e
. '-a-a:\.-:.-\.-a-.-\.-:.-\.ﬁ.;..
Register #12 RSO 0 0 0 STE | LSM1 | Lsmo | &s1 | 5
Bt ey
: ek
52%‘;‘; Bt
£ EEEED B
o Srh, i
Al e,
Window H Position ety R0 i
oo s E%ﬁﬁ;’zxﬁ*
A
K SEiE
oL
Register #17 RIGT a i) WHPS | WHP4 i WHPZ L 1
g X e
i : R
++H+M.Ef$§m‘. ?}3‘
i A &
e s '\-cm .a.g,ﬂ.,_l WWJEE
Window V Position e i
Fs -E-i . ?Q—H{
i 5 Lo
) o
Reglster #18 DOWN| © 0 £ 5 Wﬂ%ﬁ WVPO
,
A
- 0

VRAM: Window Pattern Name Tmhla:i Gm 4 Kbytes. .
fﬁ) b ﬁ%“ +
-

L el e

1. DISPLAY POSITION =

o i :-.
The Window Digplay Position is dégignated by Registers #17 and #18. Screen
s \gd on a unit basis of H2 cells and V1 cell. The dividing position
resolution.
ﬁqﬁﬁ_&ﬁmg
o 5

5 34 35 36 37 38 39

e SR e el
'-\:-'\-c-\:-:-:-\:-:-\.ﬂ
e e e,
'-t!-'-ﬁ-s:’?!- =,

'\-:
e
e

H 40 celis / V 28 cells mode .
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R

Register #17 RIGT 0 0 WHPS | WHP4 | WHPF3 | WHP2 | WHP1

Register #18 DOWHN 0 0 WVP4 | WVP3 | WVP2 | WVP1 | WVPD

RIGT: Displays Window from the left to H dividing position
Displays Window from the H dividing paosition to the right end.
Displays Window from the top end to the V dividing position.

Dispiays Window from the V dividing position to the bottom

DOWN:

== 0 = O

KL
LETLR L R RS-
end. s e
Pl L R R AT L - b
o - R R -
- el el
aar L F KRR -]
-~ L E o -
P s iiE rERRI
WHPS5 ~ WHP1:  H dividi ition
B -ﬂ-h-ﬂ-&h S D
P o E
4 ~ WVPG: V divid iti SR
WP : widing position . i
- e e
cé‘k < - s
:
LR
-

H Resclution Dividing Position (WHFP)

32 cell 0 ~ 16 {0 ~ 32 cafl)

40 cell 0~ 20 {0 ~ 40 cell)

e

g

Pt
=
L. b £
SN = 4 f it
EE 3 »
AR R
s - %i
ca
s :
A E 3
e e
et 3
o G
- et
P ey
v e 5
eI
FAE A AR
e
R
R
g
ik
R
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Setting Example

Fleq!star #17. 000H+01H Window from the left end to the second call
Register #18: 000H+10H Window from the top end to the 16th cell

e =
e
oA e A e
P P
e R R
WINDOW R S
v B ey
e s
o B
o B e
& -\.M-sg
- e
L
i e
ki Pk
15 < S e et
S M
ﬁ. LA N e
& - £ e e b
ey -@.ﬁu@-xéx«m -~
e e ot o] ﬂ-!a_ g
TR SR e Ly
e A A e
ot ol Dl O e e
ety e
el e o2 'y
e e
SCROLL A s HESS
T et
Lot x - 'H'\-'P'S‘PH'\-'
R = e e S R
T p. A ek
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2. WINDOW PRIQRITY

Window Priority is handled in the same way as in Scroll A. Scroll A is not displayed
in the area where Window is displayed. Also, only when Window is set to the left
and Scroll A is moved in H direction, the character corresponding to two cells on the
right side of the boundary between Window and Scroll A will be disfigured.

There will be no malfunctioning when Window is set to the left side and Scroll A is
moved only in the V direction; also when Window is set to the right side.
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3. WINDOW PATTERN NAME

winn;mw Pattern Name Table is on VRAM, and the base address is designated by
Hegister #13. The Pattern Name, the same as in Scroll Screen, requires 2 bytes (1

word} per cell.
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H 40 Cell Mode
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. 1. DISPLAY POSITION

Sprrta Position and Display Screen are as follows: When Sprite H position is 0, this
15 In @ special mode. Therefore, pay careful attention to this point.

Resalution H Position Display Area
H32 Cell 080 ~ 17FH
H40 Call pi ol 080 ~ 1BFH
Resolution - V Position Display Ares -
— Hitiies )
V28 Cel interiace 1
Inerace 2
Nor-rerace
V3o Call imeriace 1
inerlace 2
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2. SPRITE ATTRIBUTE

Sprite Attribute Table is on VRAM and the Base Address is designated by Register
#3. Aftribute requires 8 bytes (4 words) per Sprite, and indicates Display Position,
Priority, Sprite Generator Mumber, and Attribute.

Starting from the beginning of the Attribute Table, numbers are given in the
sequence of Sprite 0, Sprite 1, Sprite 2, Sprite 3, etc. Priority between Sprites is not
determined by the sequence of Sprite number, but by each Sprite's Link Data, and

thus becomes programmable.
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4. SPRITE's DISPLAY CAPACITY

The number of Sprite’s maximum display varies depending on H resolution setting.

Resolution Mo. of Display Mo. of Display per Line Display Dot per Line

H32 call Max. 64 Sprims Max. 16 Sprims Max, 256 dots

H40 call Max. B0 Spries Max. 20 Sprites Max, 320 dots

Sprite is displayed in the sequential order of Priority.
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. 5. PRIORITY BETWEEN SPRITES
Pricrity between Sprites is designated by each Sprite's Link Data.

With Sprite 0 being Priority No. 1, the Sprite No. 2 written in the Link Data there will
be Priority No. 2. Priority No. 2 Sprite's Link Data shows Priority No. 3 Sprite.
Priority No. 3 Sprite’s Link Data shows Priority No. 4 Sprite.

In this way, Priority is sequentially designated by each Sprite's Link Data and thus it
15 In List form. The value that can be set in the Link Data is 0~ (number of maximum
Display on one screen minus one). Be sure to set 0 to the lowest priority. Sprite’s
Link Data. T

o

When 0 is given to the Sprite Link Data, List ends at that Sprite anﬁfine Priority witi
become the lowest. Even in the case that the number of Sprites linked:to List is

less than the maximum display quantity (64 or 80), the remaifiing Sprites not linked
to Sprite will not be displayed. TN mas  TRGERET

mmmmmmmmmmmmmm
mmmmmmmmm

When value other than those specified is set to Link‘Daia. or 0 is ot Set.to the
lowest Priority Sprite Link Data, ordinary functionifig is not guaranteed.
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Setting Example

Link Data
Sprite 0 2

Sprite 1 i0 Sprite 0
Sprite 2 1 Sprite 2
Sprite 3 4 Sprite 1
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SPRITE PATTERN GENERATOR

The Sprite Pattern Generator with VRAM 0000H as Base Address expresses one
pattern on a basis of Bx8 dots. 32 bytes are required to define one pattern. Every
32 bytes, one pattern is expressed in the sequence of Pattern Generatnr 0,1, 2, ete.
The relationship of Display Pattern and Memory is the same as in Pattern Generator.
Also, Sprite Size and Pattern Generator relationship is as foliows:
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L. PRIORITY

Priority between Sprite, Scroll A, and Scroll B can be designated.

Priority can be designated by each Pattern Name and Attribute Priority bit. It will be set
for the Scroll Screen on a cell unit basis and for each Sprite. By combining each

::riurit{ bit, Priority will be as follows, however, the Background Priority is always the
owest.
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SIEN =1

Sprite Color Palette 0 ~3 , Color Code 0 ~ 15
Color Palette 3 , Color Code 0~ 13
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SEN=1

Sprite Color Palette 3 |,  Color Code 15
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SAEN=1

Sprite Color Palette 3
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“work as an operator, this will not be displayed.
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When SPRITE is not related to PRIORITY, the following PRIORITY applies
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M. COLOR PALETTE

One dot is comprised of 4 bits and can designate the 0-15 colors. Also, l:‘r-:?r color
palette can be designated by Scroll screen on a cell basis and by each Sprite. CRAM
data are as follows. Since each of R, G and B has 3 bits, colors can be freely selected
out of 512 colors.

DATA 0 0 0 0 B2 B1 BO

G2 Gi G0 o R2 A1 RO

The relationships between CRAM address, palette, and color code are asfnllnws
However, in the case of each palette's color code 0, the color for:the Scrolf A;.Scroll B;

t RBG designation;:
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RGB bit and display are as follows:

R OUTPUT
{G&B are the same as R)

R2 ~ RO

ROUTPUT
(G&B ars the séme as R)

%;Ei-+ i

qqqqq

————————————————————

ﬁﬁﬁﬁﬁﬁ

OUTPUT LEVEL

Wb
RS T L TS
I
e
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R QUTPUT
{G&B are the same as R)

A2 ~ RO
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N. INTERLACE MODE

Raster Scan Mode can be changed by setting LSM0 and LSM1 (RGB #12).

Raster Scan Mode

Mon-interace mode

In the nor-inkerdace mode, the same pattem is displayed
on the rastars of even and odd numberad files.
{Inerace 1)
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1 i In the inerace mode, the different pattem is displayed Jr
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In the interlace mode and Interlace 1, one cell is defined D‘;:

BxB du’ls«hbg in Interiace 2,

8x16 dots. For Display, one cell consists of 8x8 dots inthe Hon n-interlace m?de and in
the interlace mode, 8x16 dots. rFY’ 9.
In any case, number of cells in one screen are the same;. .
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NON-INTERLACE
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Hl. BACKWARD COMPATIBILITY MODE .

In the case of Backward Compatibility Mode, the Mega Drive differs from the original Mark
Il and Master System in the following points:

A. MARK Il (MS-Japan)
05-ROM |s not incorporated

ROM cartridge/card selections are made by hardware in the same manner aginithe

case of Mark Ill. Start-up slot number is not written in 0CO00H. SmﬂngEﬁﬁM:p
not displayed. £ T
e R

N W

EM sound source is not incorporated 4 i
ﬁgﬁi Bk, 4

Hh i mmw
FM sound is incorporated in MS-Japan (standard) and Mark TII wﬂﬂ] {%ﬁ’
however, Mega Drive has no option for that, although conns ti

e wmsmg;_y
Consider the Mega Drive's Japanese specifications ag the i with"MS-Japan's
Joystick Port, or as MS-Japan without FM sound sblrca & ROM. ©
: : ?
B. MASTER SYSTEM ™ o
S &
T ”ﬁ"‘;%f
OS-ROM is not incorporated [
fﬁﬁx % s .

0CO00H-ODFFFH RAM is not clgar on pnwer uﬁ’é'., RAM 0CD00 has no meaningful value.
Start-up Sega logo is not displayed,...i .

i .. : % & % ‘}3}_,

T -E?

‘Maga T rive's ﬁrk I and Master System backward compatibility mode, the RAM

Yevelopment (for which D-RAM was used) cannot be used due to the problem
2 other boards for development {which utilize S-RAM) can be used
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IV. SYSTEM /O

Mega Drive System 1/O area assignment starts from $A00000, with the 280 sub-CPU's
memory area.

A. VERSION NUMBER

Indicates the Mega Drive's hardware version.

HA10001 MODE | VWOD | DISK RSV VER3 | YER2 | VER1 | VERD

Domestic Model
COverseas Model

Mode(R } O

VMOD (R ) O NTSC CPU clock 7.67 MHz
1.
o

PAL CPU clock 7.60 mﬂai;

: FDD unit connected «
1:. FDD unit not cnnnec:!ed
RSV (R ) Currently not used: 2]

ffffff

VER 3~0 (R ) Mega Drive versian is nﬁm b:.r %MEF

mmmmmmmmm

Disk (R )

\\\\\

B. O PORT :
><>>>}<> fﬁ

mmmmm -ﬂ- :- -ﬂ-
aaaaa

The Mega Drive has the three general pumﬁéé{lfﬂl oS Ctri i‘F C:trl 2, and Exp.
Althuugh each port differs from the nthms in physTEﬁm it functions in the same

----------

Data (Parallel data) ﬁ”“ H{W}sg;;;?- 4 E_E,_ﬁ_,;_
Ctrl (Parallel control) R .
S-Ctrl (Serial control) THW -
TxData  (Txd data): : R F
RxData (Rxd -::_laﬁij;_ ' R

fffffff
aaaaaaaa

......

FWIGENESES MANLIAL
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The relationship between REGISTERS is as follows:
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Both Byte and Word access are possible. However, in th

Mapping is as follows:

$A10003
$A10005
$A10007
$A10009
$A10008
$A1000D
$A1000F
$A10011

$A10013
$A10015
$A10017
$A10019
$A1001B
$A1001D
$A1001F

. Data 1
: Data 2
. Data 3
- Ctrl 1
. Citrl 2

4

; Gt 3

: TxData 1
: RxData 1
: S-Ctd 1

. TxData 2
: RxData 2
: S-Ctri 2
: TxData 3
: RxData 3
: 5-Ctrl 3

lower byte is meaningful.

Data shows the status of each port. The I/O direction of e

{Ctrl 1)
(Ctrl 2)
(Exp)

ﬁﬁﬁﬁﬁﬁ

++++++++++++
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Ctrl designates the I/O direction of each port and the Interrupt Control of TH.

CTRL INT

PCE

PC5 PC4 PC3

PC2

PC

PCO

INT

PC6

PC5
PC4

(RW)
(RW)

(RW)

(RW)

TH-INT Prohibited
TH-INT Allowed

PD6&
PD6
PD5
PD5
PD4

Input Mode
Output Mode
Input Mode
Qutput Mode
input Mode

PD4 OQutput Mode oF

- gl s . ~ S ol — ol — Bl = Bl = sl =

“
o
P
r1 E! ] el
e = £
L T
e Lot
3 uipu e Tan T
- i e R
= bt e
P O, 5 =
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e s i )
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Ll UI M E ol ol e e el e e -
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o S i
1 nput e
e b
A e
1 e
PD1 OQOutput Mode
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T e i i e o
0 R 0 Input e g amt S
o i by e
: s e
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e e £
S <¢£¢ E+w+ i S et
i 3“%31‘-‘:1‘ el e
3 e +>+?+

-ﬁ-!- e

each port's mode change, baud rate, and Serial.

- -ﬂ-f\.-ﬂ-.ﬂ.'\.-.- 5

¢+¢h>¢><> ¢
P

S-Ctd is for the status, etc. of

-\.-\.-.-\.-\.-.q.-\.-.-\. .-

Ctrl designates the 1/Q direction of each port an&fﬁ‘[& dnierrupt Conpsol of TH.
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{HW]'

F'IINT {‘EW}

Rxd Ready - Interrupt Prohibited
Rxd Ready - Interrupt Allowed
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C. MEMORY MODE
. The Mega Drive is able to generate internally the Refresh signal for the D-RAM
development cartridge. When using the development cartridge, set to D-RAM mode. In
the case of a production cartridge, set to ROM mode.
Only D8 of address $A11000 is effective and for Write only.

$A11000 D8( W) 0O ROM mode
1: D-RAM mode

Access to $A11000 can be based on byte.

D. Z80 CONTROL
1. £80 BusReq

When accessing the Z80 memory from the 68000, first SHOD the
At the time of power on reset, the 68000 has acc&ss%gg“ 5280 |

-\:-\.-\:-:-\.g HHE"' ;*“iggggagﬁh

-a-a-ﬂ-aia\-@'- -\:-;:H -Evcﬁm-

$A11100 DB ( W) ﬂ: BusReq cancel S i
. BusReqg request T,

o
{R ) ﬂ CPU function stop, ssible i%_g.
1: Functioning mmi?”g

. Access to Z80 area in the fu!luw‘rng,mannar (R
Bt
£
a. Write $0100 in $A11100 by using a Word acgess.

b. Check to see that D8 of
c. Access to Z80 area.
d. Write $0000 in $Affl 100 by umng;_ﬁ,a Wmdd access.

¥ 'Q!"':-ﬂ-'-ﬂ-“-
'ﬂ"‘{'ﬁ':"

Access to SAH@Ocanalsnbabasadﬁh byte.

e%«"tha Z80. The Z80 is automatically reset during the Mega
n reset sequence.

D: Reset request
. Reset cancel

S-WHGENESIS MANUAL
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E. ZB0 AREA

Mapping is performed starting from $A00000 for Z80, a sub-CPU. As viewed from
68000, the mamaory map will be as follows:

SAD2000

Sound RAM

PETTET
| - W e T e e
Prohibited L L
e e L e A e
P e e e e o
ey o e e,
o ot e e,
2 R
o e e
P PR
ol B
SEER S
e ke, o
Sound e
B ey
e R Lo S
o A iy
e i i i L
o e e e -
= Rt e e e b
F"I'I:}I'Iﬂhd ey e e
e L P
A A e e e e e e
g W
e R R P e el e o, e e
e Lo e
Al
A
SR L
s, e
e PR e
Eﬂrt mr o E
S ¢£{ S RO
i '-ﬂ-f‘\?'-a: =t W e T o e
e T e
e ey el
T T S
- o e e o e ey
Pru'm fRSe s e e g Y 8
S b e e bl e s
B = R el - o e e o
o e, b ek
LBt et
e el AR
e e PR
e e, e
R ey P
R e b
T, Er
= e L e e e
s e
oo e S e
A e, A
e e e e e b
e P
Bt i o ek
~++w¢1¢<+<+i e A
R R g++w+}¢h=. B
e el R e
A S e e
- e e e e
wale e
o o e S
p A i o
AR m, e P
e e R, ez, sl s
A, - ¥
o g et
Bl o
e e,
Fd o
b .y E28
, : el s,
f )
g
This is for the Z80 WW‘WQ.@F&;&WD by byte.
A e e et
m$ﬁ9¢ +?+?¢E+$f:vﬁ{¢ﬂ e e
N e e bl
= Mgt Y Lo
gk T
o
e

sound Chip

o
i

This is the mapping area for FM.sotind source (YM2612). When accessing

from Eﬂﬂ@fu%

Pt
Pt L
e e
e -~
3 Bank.He
- =
: an £
CiEE

ARt AL this tim
~ from, 68000 can

el e el

o el

‘1;¢+V+x+a
R
R

P

Heea
e,
e e e e,
R e e, ¥
A,
B T R
i

ol e

T e e
e e

el e
A A
e
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e e e e e e el

‘68000 side’ Memory Area from Z80 will be based on a 32 K byte

8, thisiregister sets which bank is to be accessed. Registering

byte, due to timing problem.

S
e e
e B e

s
R
e

%ﬂet. however, do not access to ZBO Bank Memory Area by

=

el
-
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Setting Method

When accessing to the 68000 side addresses from Z80 side, all the addresses can be

classified into Banks. Bank can be set by writing 9 times in 0 bit of 8000 (Z80

address). The 9 bits correspond to 68000 address 15-23 as shown below:

Duuu i
i 68000 ADDRESS
e
R
ST e E
i oo b
AZ23 AT
R R
m - -
R 2 e
ey B et o
BA,H W-':‘\?g'\-m- St R OR 3
4000 Ry e R R
S‘ HI Fa e e
HD e
E] Rt - e e
e i R
g s, o e, ok fitian
SR S, A A T el
e e e F
P
OTHERS (A e e
e e e T
B ey
m R s
e,
et e e, iy
1 1 e o
s Rk R
e B,
2 Timas AzZ2
et e o S e
P e i Az,,I
-:--:-a--:m.-.;.;.E.;. A
S3000 A 15 P
?FFG R e T -
o R P
¥ + R
vDP f{ ,ﬁ-a-:--a-:-'-ﬂ-.- ke e A1g
L
2 o S Aimes
?g- o e i
o e, T e
3 i e, .\.% A
.40 Times: 18
ol EF2e ity
; ) A17
v & 7 Times 1
B
= e
5 i . iy Jt16
Ty s, S8 dimes
L RG] A e SO b
e T el e [ A15
) A R S e "THS
e e R
B ]
R
> o
o
ot
i e
= y-
pood L, b
T R T .
S R
S =
T ude (e
e 1
. =k
o b
e e
- o
S5 =3
T e T ]
e e L
S e e e e
S e e R
£ g e e b LR R R e g
i e e el o e B
A e R e o e
s L L DT
i) s SR
A tH] R
e i i
Lt ¥ o
e e i b
LNF p5]
e S
1 s,
e & B ]
o 5 e
At s S
Rt ey £ Ars
LR i 3 &
S i 2 -
R R R e oaeds, ¥, &
o wmennle i, DIENICURE e
SR A e - by
o e Jrpinin]
a i ey
e ek
ke s
TR Lo
e ey
B e . = 4
' e
A o e
o o
1 oot e e L
e
s
i
o
B
o
o
"L
&

e
i e e e

e e
e
e
e
=

b
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V. VRAM MAPPING

In VRAM, there are various tables and pattern generators as stated below. Among
those, the base address of Pattern Generator Table and Sprite Generator Table are

0000H and fixed. However, the other base addresses can be freely assigned in VRAM

by setting VDP Register. Also, Area can be overiapped, therefore, Table can be

commonly used by Scroll screen and Window, for example.

There are 1 K bytes for H Scroll Table, hnweﬁer as for display 896 bytes in V28 Cell

Scroll A Pattern Name Table, maximum 8 K byte
Base address designated by Register #2.

ok
Scroll B Pattern Name Table, maximum 8 K byte i
.
Base address designated by Register #4. ciit,
b=
& Hih.
i et
Window Pattern Name Table, varies by H resolution & koo T i
{1-:"..?:-?.\:.1-?\-“ -\..:: :::-{ :--.
Base address designated by Register #3. e WL
,,,,,,,,,
i, e
H Scroll Data Tabie, 1 K byte S R
e i
Base address designated by Register #13. .. Whale,, 4P
+<+h+d¢?3 3*# S o
s e o El e Ea
it .-:-.3 e
: . y N "\.?i\-igzﬁ?:‘f R
Sprite Attribute Table, varies by H resolution ..~ .1
e e e, ———
e e
Base address designated by Register #5 E T
Wi, k4
T e e e il
R &
Pattern Generator Table s TR
Base address is 0000H (fixed). R
) ) u‘f’ ) £
-::\- e ::'\.. -3.'\.- b
Sprite Generator Table .~ ’ 4

.
[
Base addr i ix i T o
_‘# "'""""' L e
- -"-'-'-ﬂ-'H-i-h - 5
>< ﬂ+¢V+#+ ook e iy e
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

i

o e
¢h¢h?ﬂyc>¢>+?+¢9ﬁv¢¢¢d
k]

Mode and 960 bytes mi""ufaﬂ Cell Mode, There are 2 K bytes for Window Pattern Name

Table in H32 Cell Mndu and 4 K byte arga in H40 Cell Mode. For details, refer to

Window. There HE 512 hryrtes for Sprite Attribute Table in H32 Cell and 1 K byte area

in H40 Cell Mgﬂﬁéw r..as for display, there are 640 bytes in H40 Cell Mode.

i R
es 3 &
R P
- -
%
i
-

S-WAGEMESIS MANLIAL

e ¢?¢?¢h¢?9¢wc+c+c+s+ﬁ9ﬁ P S R
<+d+ﬁ+¢~¢b¢>¢;¢ s
e
“-ﬁ-“\?‘h*-':--c:--'-ﬂ--c-a--\.-a-
A U

S

'ﬂ'-a-

i A Faﬁém Name Table

+h‘i

pﬁa@ rom OCO00H: Register #2 = $30
_,S,;.rqu Pattern Name Table

oy

B K bytes from OEODOH: Register #4 = $07

" Window Pattern Name Table
2 K bytes from 0BOOOH: Register #3 = $2C

H Scroll Data Table
1 K byte from 0B800H: Register #13 = $2E

Sprite Attribute Table
512 bytes from OBEOOH: Register #5 = $5F
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Unoccupied area is used as Pattern Generator and Sprite Generator.

00000H

GBO0OH WINDOW
OBBOOH

. e e s e "
e R 2,

ey ;
st e S e
F o R * e el
S e A e
Lo Sl Sl D e e e
e e e Vol e e
e e
A
e e
e e,
OBEOOH A
TE ATTRIBUTE i iEren,
R e S e it
e R P 2 e
o R ] et
e e o
s e Ao T
T, o el ek
e i P e e e
OCD00H S P, 3
e e, e by e MR R g
" e, e A
b e L, oo B
R o e ettt
SCROLL A i o
e ey
R D ey S
= e e i)
R e Ao
S, Py
e R

2 g e L
b e oo el B
e L
R g e
P ok
L i
SCROLL B
ok
o=l
-
H
e,
e,
=
e e,
ik e
A i
i
4
e
Azt ST
b S e,
L - s ML L
e e S e B L
e o e ap o A
e e L WL R L
R e e e e DO
b B T Tk
" e
e
e
4 —
P £
SR .k e
P L LA
atnsed el et
S ke, e
it P
< iy
Ll .
o =
: P
e o
G 2
b e
S
B e e e S
f{‘a“c‘a‘-ﬂ-zﬂ-x#h-ﬂ-ﬁ#.@v.@y.@} b,
A el e e
A e e
e e el i
A e A g
o T R
s S TR
S -
iz iy Er e
e e il P
e e p W
= e
e Ak
ke i v
by s oo
hgsris e e
e, S - facaiiey
e T, e fie)
gt A pEee iy ke =
gl e, Py i k'
o bl B, ddethds i )
g e T e
e i SR
A s
g e R Yo
gl b L, Ve
g gl o Ly
e prre
b, e P
= i g e B
e e e e e e e e
ok e, i L
ki e e
" Lo ) e e 2
el i el e
i o
Y Py
LR -
AR i
P e L RN ¢
e ol
o e e e e e e
i it e e e T
B e Fol e o e
sl A, fLedipces g
b
b i
el e
S
DR iy
e e
5 et e
P e
pLR
el
e
L
i
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. Scroll A Pattern Name Table
8 K bytes from 0CO00H: Register #2 = $30

. Scroll B Pattern Name Table
8 K bytes from OEOOOH: Register #4 = $07

. Window Pattern Name Table
4 K bytes from 0BOOOH: Register #3 = $2C

B L S
L e S e
. rn o et e e L el e e
e R e R =
e T eI
e ERSE R -

2 K bytes from DACOOH: Regis $08 FiElE
tar #1 4t SN

L -

) r#13 = 3 e
Pl N e
g, At
g el
- PR e
- 1 I - T At
E “ﬂ ut L R B4

s e B

o et h

& o, R Fn

UIITI ﬂA-E H1 i AR A g, i3

5 Egls r = i i AT e
¢ #* - -
- e N

Unoccupied area is used as Pattern Generator and Sprite: ;
Fa
: : T £

- Rl el L D
e, %wwcﬁ
'E; o, MR
wEgie
e TR
e R
b - e
i A
o B A o
e
i
Rt e
Lt
i

e
&

S K :
A S REE 3 i
e
S
R
=
*

¥
. "
e e —
Pt o=
S - g
; L gy
S 3
-

i £
e

4
5

e

i ﬂ'%—v :
soehy AT 3:-"”-
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Precautions for M5 Software Programming
When programming the M5 software, pay attention to the following:

;2 The program od DMA (RAM, ROM—VRAM, CRAM, VSRAM) should be resident
in RAM or it should be as in LIST1 for example. However, in either ane of the
gguva two cases, a long word access is not possible as regards the last VRAM

dress set.

2. 1D should be as in the next page.

‘H\- -'\-+¢'\-c¢.-'-\:-

3. Put LIST2 at your program's start. This is the U.S. security suftlmra i i
. ?EEEEE:
LIST 1 ﬁ{% i)
it iEghd, HE
; ; N 3
DMA-RAM: ,grlﬁ%”'%%hx T
lea ; vdp_cmd = $c00000 i it
, An = Address Regi Q%% m\gg N
; Set source Address to VDP Hegister ;: et *’gfgé"-;"'
; Set Data Length to VDP Register o g,
move.1 xx,ram0 : xx: Destinatior TR Y
move.w ramg, (An)
move.w ram0+2, (An)
LIST 2
move.b $ai0001,
andib #$0f,d0
el 70 T
move.1 # ﬁ}‘ ;
20 & aﬁ :
P o 'i%
8
A,
L
i A
assﬁﬁ%
i,
i i
3 Em%’ﬁﬁﬁ;v;ﬁ%*
: *é?é%%ﬁg
R il
LRy
'g -
&
S-WMOENESIS MANUAL
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ROM Cartridge Data For Mega Drive

Write in ROM's 100H-1FFH

100H: 'SEGA MEGA DRIVE " 1
110H; '(C) SEGA 1988.JUL’ 2
120H. Game Name (domastic) 3
150H: Game Name (overseas) 4
180H: "GM XO00000(X - X X! 5
18EH: $XXXX 6
190H: Control Data f
TAOH: 3000000, $XXXXXX 3 g g
1ABH: $FF0000, $FFFFFF 9 &
1BOH: Extemal RAM Data 10 i
1BCH: Modem Data 11 o
1C8H: Memo 12
1FOH: Country in which the product 13 : S
can be released A W,
1: SEGA, system namae and Title in common wn:h aE HIJM fj:::::::;m
2: Copyright notice and year/month of release (firm nam&;:gmsciﬁu character).
3: Game name for domestic (JIS KANJI ::.‘m;g ok
4. Game name for overseas market (JIS HAHJI Gﬁﬁu«jﬁ
5. Type of cartridge and prﬂduﬁpts number vsmjun nurnber
Type Game: GM....oiiin, Oy
Education: APz i s &
Number  Product No. i
Version Dataﬁhnes depending: :ﬂﬂ ihe type of ROM or software version
6. Check Sunlmrs:, :’
7. /O use Suﬁ]ﬂﬂgdﬂﬂﬂlﬁﬂ_#;; ;5::;35&;?'”
Jug@nk forMS % =0
Joystick, iy
Jhtboant. L 5 K
Serial (RS232C) ‘R
- Frlnfe T P
:4..55.:::: Tablet™ = T
* Control Etaﬂ* B
' i ::Z:ZMIQ Controller ")
= URDD ' F
». COROM G
8~ ROM Capacity Start Address, End Address
9. RAM Capacity Start Address, End Address
EWAEENESIS MANLIAL
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10. When no external RAM is mounted, fill the address by a space code: when it is
mounted, do the following:

1BOH: de.b 'RA" % 1x1yz000,%00100000

X 1 for Backup and 0 if not Backup

yZ 10 if even address only, 11 if odd address only
1B4H:; de.1 RAM start address, RAM end address

11. If corresponding to modem, fill it by space code; if not, do the following
1BCH: dc.b MO xxxx’ yy.2'
HAAX Firm name, the same as in 2 SR
vy Modem number
2z Version 2 &t

e

e g e e
e

E s

13. Data on the countries in which the product can be released.: -
e e o g e e,
s e g - e ol
J%[JEI‘I 1d : ?*Mf—;;ﬁ;;ﬂh ﬁgfi?ﬁﬁﬁ}:a“
Europe ' E f S

Be sure to input a space code in the unoccupied ;*—"'?% space.’iin
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How to Obtain a Check Sum

The Check Sum obtaining program is shown as follows. The program starts with OFFS000H.

RAM space.

First, fill game capacity by -1 (0OFFH) and then load all of the programs. Next, load the Check
Sum program and run the program from OFFB000H.

After a while, stop running the program. At this time, the lower Word of Data Register 0 (d0) is

the Check Sum value. Note that Break in Memory should be cancelled in advancq

Also, when burn-ins to ROM, first fill the game capacity by -1 (OFFH).

end_addr equ $1a4
org -$8000
start:
move. 1 {a0) .d1
addq. 1 #31,d1
movea.1  #$200.a0
sub.1 a0,d1
asr.1 #1.d1
maove di.d2
subq.w  #§1,d2
swap d1
moveq #50,d0
e72:
add {a0)+,d0
dbra dz2 M2
dbra di, 712

- |
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s
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e e
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R e e e
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L e S
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S R R A
S e, e e
e e
e L,
g e
e
T endnd, e
e
e e e
i e
e
P
bkl
ol
A
+

SWAGENESIS MANLIAL

R, 0220052
CONFIDENTIAL

# 106

N

o +-§ .
S A
e

L e
ek
o S e B

B '\--\:-:-l:-c-g_-:
- ES
., 'E-@- e
el e el e el e
s e, e R e e
P e i e e
= e s e e
= A Al S
s 3 et el
) cﬂuﬂ Er S Saed
] S R el
P e et
e e, A
TEEEETT e
e e e P
R
i O
i el s
iy Rl e
R e
ER e A
¥ A e | e
R Py
s R e B R Pk
TR e i
e S ﬂq.xq.rq.ig .
iy : e o
T el o
R s =
s s F s 8
S S e L
e e, el =
H‘P\-h A e -
B e £
d e Eer e
W
w
" %
e .
T ji;_g.h o
o o e
P S pr
i B k=
S
N -ﬂ-g’_;?-ﬂ-?q:*-':%-a- S
o gt
g o
- ey
e
P
S
) A
L o
Ry e i
e
"'-5%-@--:-&"
e
5

PROPERTY OF SEGA

. i
A B,
et e e

A e e,
2t e o e e o
o e R
o S e
o s
a e
e e e
4 e
e e
ety o
Tk e e
e it
e, it
e b
T e -
e e P
A b P
B R P
R S R e
e e i
o b e e e
e e
S e e

“

L

T

e

e

e

e .

T e A et

R e et

e e
R
e
g
e
o
=



Memory Mapping for Emulation

For the 68000 Emulation

All address should be disabled initially: 0 to OFFFFFF
Required areas shouid then be enabled as follows:
Program and Data are in 0 to 007FFFF

S-RAM is for Z80 in 0ADDOOO to OAO1FFF
FM sound chip interface is in 0A04000 to DAO4FFF

it el B

RAM Card (No. 171-5642-02) . e

LS
e e B R,
IO ' AR

/O and Z80 control port are in 0A10000 to OA11FFF 4 Wah

= Skl
VDP and sound control port are in 0C00000 to 0OCOOFFF o g2
" o ":3.5.:
Scratch RAM isin OFF0000 to OFFFFFF K
el T, i
S, Ry i3

P e L e "

'\cgzl\:--': et - e

TR ELE R
=

e el "Eﬁgs-:-ﬁ;
. -\.-a-'\-a-c-h;-% S iﬁ;i«:h
This board has two memory areas: P k-
2 - S -
g U, B
| ghedh,  aEETEn
Main Memory (D-RAM) $000000 - SOFFFFF ™ o i

Backup Memaory

(S-RAM) $200000 - $203FFF . b

1. Initialize S, - 3%?
Write 0100H into $0A11000 L. T
Write 1 into $0A130F0 4 .,_s-@mﬁ;.r
(Green LED light up) ﬁ”‘* Tt #

2. Write Protect 13‘?} .- H_ﬁ,

Write 3 into $0A130F0 G e &
(Red LED light up) . S
,w“ﬂ- T
3. Read/Write o ! E

Write 1 into $0A13

-:-3'3

_-\,:-:-:
=

(Red LED turns off}.
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Mega Drive Registers Fixed Bits (40 Cell and NTSC Mode)
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SUPPLEMENTARY INDEX

. FM AUDIO - YM2612

A. Overview
A little bit about operators
Register Overview
Envelope Specification

Part 1 Memory Map

nmoow

Test Program

. PROGRAMMABLE SOUND GENERATOR (PSG)
A. Tone Generator Frequency
B. Noise Generator Control

C. Attenuators

This supplementary index was provided to allow direct access to the content on this PDF. It was not
included in the original document.
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. . Z80 MAPPING

A. ZBO Map
We show the memory at right.

I/ is contained in memary map.

1. Program Area ZB0 ADDRESS
Program, data and scratch
are in 0 to 1FFFH, in S-RAM. .
2. BANK SRAME
From 8000H-FFEFH is window of B
68K memory. Z-80 can access i
all of 68K mamory by BANK - =
switching. BANK select data #
create 68K address from A15
to A23. You must write these
9 bits one at a time into 6000H
serially, byte units, 7F11 using
the LSB.
1st| D7 | De
‘ D5 | 04 | Da | D2 ] »‘%‘Lﬂ Do ¥
2nd ﬁ.?-‘ —
T T ?'iwﬁ‘
I G T ;ﬂ_ﬁ% o EEEE
F | s .
ri ey P
ﬁ% Jun®
e D bl ’
Hanoaw
% . AZ3 A15
a
o, &
| FM1 register select (Channel 1-3)
b . “'?“'” A TA
e ¥
i - 4D02H  FM2 register select (Channel 4-6)
g EE*%?;E%};S"EEmﬁW “FM2 DATA
W '
. IPSG address is in 7F11H.
L
B. Interrupt
Z-80 gets the only VIDEO vertical interrupt. This interrupt is generated 16ms period and
64ms langth.

Genesis Sound Software Manual
February 21, 1992 Page 1
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.

A, Z80

68K CONTROL OF Z-80

Start-Up

Z-80 Operation Sequence:

. BUS REQ ON
. BUS RESET OFF
68K copies program

nto Z-80 S-RAM

BUS RESET ON
BUS REQ OFF

B
eSO e e,
B -
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s e
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Al e e e e, e
A L e el e e
PR R B e e T e e e e
B et RS e e e e
PR e et
« BUS REQ ON :
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B. Z80 Handshake

If you access the HANDSHAKE area (A00000 - AO7FFF} you must use BUS REQ. 68K
has to access the Z-80 S-RAM by byte.

l. FM SOUND CONTROL

A. 68K Accesses the FM Source

68K needs BUS REQ when accessing the FM source, because this memnrgéi%ﬁ%ﬁ
by Z-80. T

bk o o
it MR L e
-3 S A e
i e e e
Tnd T
25 R
et S W
A ST
oS ey
Accesses the F 8
2 '-'fb:-'-\:- e
m Teties e
"" = % 2
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OVERVIEW

The ?gmaha 21312 Fraquency Moduiation (FM) sound synthesis IC resembles the Yamaha 2151
(used in SEGA's coin-operated machines) and the chips used in Yamaha's synthesizers.

Its capabilities include:
* 6 channels of FM sound

* An 8-bit Digitized Audio channel (as replacement for one of the FM channels)

» Stereo output capability I i T

* One LFO (low frequency oscillator) to distort the FM sounds P Y
e 2 timers, for use by software.

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ
e

aaaaaaa R
vvvvvvvv R
o

T;‘.‘r define these terms more carefully, an FM channel is capable of Exprassii{g with &igh degrae
of realism, a single note in almost any instrument's voice. Chords Rarally created by: usin

. : are generally created by.
multiple FM channels. WL‘( o wwgi”;:i'l'ﬁmg
R

R
W

G s o
ard data for ‘how 6 tum this
imn'gﬁﬁﬁﬁiyugﬁa uses four

The standard FM channels each have a single overall frequency ard.
frequency into the complex final waveform (the vaice). 1&?

dedicated channel companents called "operators,” each ' frequengy (a variant of the
overall frequency), an envelope, and the capability to modulate its inpit usirﬁg"- the frequency and
envelope. The operator frequencies are offsets of integral multiples f thie-6verall frequency.

++++++++++
V#Hﬂ-.{%? o

-

sy
e
-~
o

AL e T e e e

i
T [y
SR o
i +:-'+:-'+:53
e :
! -

. 7
There are two sets of three FM channels, named channals %it@;@»ﬁm 4 to B, respectively.

R
o e e e e

Channels 3 and 8, the last in each set, have the capabtlity tg’ [

' et tgruse-gtotally separate frequency for
faach operator re_lmer than nﬁaets_nf mtegr@bmu%mlas. Tﬁ@ewurkﬁuml (we believe) for percussion
instruments, which have harmonics at odd multipj_g_ahsunhéas 1.4 0 1.7 of the fundamental.

o Qe e e,
E " el e e o e
e g R e e el e, hah#.{'\. "
e e o e e e e e e p el
e e e e e e
s

The 8-bit Digitized Audio Channel (DAC) a raplacement of FM ch :

. 14 annel 6, meaning that
turning on the DAC turns off Fﬂggnannel 6. Unfortunatély, all timing must be done by suﬂwngre—
meaning that unless the software has been veryigieverly constructed, it is impassible to use any
of the FM channeis at the same time as the DAC"

=3

######

g
Stereo output capability maans i at any of the sounds, FM or DAC, may be directed to the left, the

right, or both outp ‘oulgut only through the headphone jack.

-
=
X

sounds. Eath lects: the“degree to which it will be distorted by the LFO. if '
: L < 3 »fatall. Thi
could be used, for gxample, if-a guitar solo. i i

TR o
++++++++

. i ”zvmx%.&ﬁ;
Finally, the system has two software timers which may be used as an alternative to the Z80
VBLANK interrupt. Unfortunately, these two timers do not cause interrupts — they must be read

3 P DL b, o, - - s
hy%mﬁﬁ@%armma it they have finished counting.

4 . : 3
The LFQ, n%; juency f;}scn%ﬁr, aliows for amplitude and/or frequency distortions of the FM

e T

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ
vvvvvvvvvvvv
vvvvvvvvv
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A LITTLE BIT ABOUT OPERATORS

There are four dedicated operators assigned to every channel, with the following properties:

An operator has an input, a frequency and an envelope {with which to modify the input), and
an output.

The operators have two types: those whose outputs feed into another up-araﬁtfrﬁ aﬂﬁ
that are summed to form the final waveform. The latter are called "slots.”; '“';_E;r

s

g
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Lo et
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ALGORITHR #0 #1 a2 #3

=
-

Algorithm 0 - distortiori guitar, "high hatichopper (?) bass
Algorithm 1 - harp, PSG (Programmable Sound Generator) sound
Algarithm 2 - Bass, electric guitar, brass, piano, woods

Algorithm 3 - strings, foll gitar,; chimes

Algorithm 4:- fiute, baus'.igr‘;ﬁﬁ’ﬁ&%g%ﬁéss drum, snare drum, tom-tom

......

Algorithm¥'S -"brass, orgap

e

Atgufg;E{m 6+, xylophone, fom-tom, organ, vibraphone, snare drum, base drum
Algatithin. 7 - pipe of

e
e
-

=
55555
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REGISTER OVERVIEW

The system is controlied by means of a large number of registers. General system registers are:

timer values and status, software use

LFO enable and frequency, to distort the FM channels

DAC enable and amplitude

output enables for each of the six FM channels
number of frequencies to be used in FM channels 3 and 6. _:,-f*-"?i‘s'?jfif;:e

Usually, an FM channel has only one overall frequency, but if so elected, FM chaﬁﬂals Jand 6 {JE‘:E
four separate frequencies, one for each operator, >

The remainder of the registers apply to a single FM channel, or to an’ up&zatnr in mat ﬂﬂannai
Registers that refer to the channel as a whole are:

frequency number (in the standard case) i
algorithm number i
extent of self-feedback in operator 1 S
output type, to L, R, or both speakers. This can only be hmﬁi&g hagdphunes are used.
the extent to which the channel is distorted t:w thg LFD kg

mmmmmm
el

* & & & ¥

-'\--\:-\.-M.-\..;..;...,._..__,_v

Registers that refer to each operator make up the remainﬁﬁr ‘ﬁmﬁi:mr operators' connections are

aaaaaaa

operator. In the case of FM channals 3 apd E tHe frequaﬁty may I:re specified individually for each
operator.

mmmmmmmmm

fffffffff
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ENVELOPE SPECIFICATION

P
e,
c-m--:-ﬁgi-;:ﬁ.-.-.’:.;f‘.,,.._.
B
TL Bt e
e e e,
B e
M e
N e e
P
e
e
; e
g i Y
i
o e
TiL & e i
i S 2
S .f'h r
S o
ST R S
AR TR
b
wle e R
P s
ss e S,
s "?"f_;.'“q_;:'“ e e e e
PR oy
__@;.'_f" 2535% -.% “’?%Q-FM #
.-a-ﬁﬂ;!h : e -
: i LEASE
KEY ON (DEPRESSED) M%ﬁm %Hﬁ' . (RE o}
g
e s T 5
¥
e -:ﬁ-:
" ffx;h G
g 2
e il
e W%-:-r
o et
.. HE
Tiread
o i
L

on.® The sound has an

attack, a strong primary decay, followed by 3 slow sa%:m =ay. The sound continues this
secondary decay until the key is rel @'process calle y off.* The sound then begins a

rapid final decay, representing, for examgle, a nanu nuté?gaﬂer the kuay has been released and the
dammr hElS come dﬂ'ﬂn an ﬂ"IE Etnng-s ;a:, &Ega-:b-a-m-&\.'q:-'\- i Tl
L e
The envelope is represented the above amplltuﬁs and angles, and a few supplementary
registers. Used in the ahuvg;%qram are: %ﬁfxﬁ

ﬁﬁ“

TL — Total Iavﬁ?ﬁgﬁmghest ampﬂ:tud& of waveform.

o
T i w

AR — A rata the a itial amphtuda increase. This can be made very steep if
':L = The m with slow attack rates is that if the notes are short, the release
{called "key off*) oGgurs before the note has reached a reasonable level.
ﬁg“ ,’* %

RR w%ﬂ‘ha final angle of amplitude decrease, after *key off.”
E’
Adr.lltmnal registers are:

RS -— Rate scaling, the degree to which envelopes become shorier as frequencies become
higher. For example, high notes on a piano fade much more quickly than low notes.

Genasis Sound Software Manual
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AM — Amplitude Modulation enable, whether or not this operator will allow itself to be
modified by the LFO. Changing the amplitude of the slots changes the loudness of
the note; changing the amplitude of the other operators changes its flavor.

SSG-EG — A proprietary register whose usage is unknown. It should be set to zero.

The FM-2612 may be accessed from either the 68000 or the Z-80. in both cases, hawever, the
bus is only 8 bits wide,

The FM-2612 is accessed through memory locations 4000H - 4003H in the Z80 case; “Eﬁ'ﬁﬁmﬂ -
AQ4003H in the 68000 case. These will be referred to as 4000 to 4003, &
The intemal registers of the FM-2612 are divided as follows: i Wﬂ;;g
?Egé?ggggx-wwmn& 3
B +:'H-.+h+:-\.+.-\.
PART I | e
21H| LFO TIMERS [ "G
KEY ONOFF I B
2CH| DAC | :
30H E
FM CHANNELS |
|
BEH o |
S,
To write to Part |, write the 8-bit addrasg’in 4000 and ﬂﬁadata ta 4001. To write to Part Il, write

the 8-bit address to 4002 and the -L-.

ress tn dﬁiwmma if the YM-2612 I/Q is still busy from

until Bit 7 mu@?iﬁ‘u

Caution: Before writing, read from any s
the last write.

Caution: in the case gf re

example the
first. ﬁ%&
READ DATA: ﬂ?aag;ng from antnE four locatians.
""‘h ‘iw‘ 3,
e B, -?ﬁ # Do
T OVERFLOW
e M X X Al B

. See Register 27H.
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PART | MEMORY MAP

LFO LFO
anl KL x| e L]
24H TIMER A
SHIlG N =y e e e
26H TIMER B :
CH3 RESET ENABLE LOAD P
27H| MODE Bial]lelalel} a
28H OPERATOR X CHANNEL 15
24H DAC
DAG
Ml —c e S e R o g
A0H. ” -DT‘ MUL ?if?ififi-ﬁh—'?wg:
40H+ X " >
ﬂ%ﬁ“ﬂ &
S0H+ RS X h -
BOH+ AM X X ﬁﬂ-}ﬁ, oP3
FECH2, OP3
TOH+ x X X %Hﬂ. oP3
BOH+ DL
9OH+ | X X X CH1, OP4
CH2, OP4
- CH3, OP4
Each of 30H-90H has twglwa emnes three channels x four operators.
Channels 1-3 becume chaﬁﬁé&ci—@«maﬁi“ﬁ 1
e L
‘ 0w ﬁAHT | MEMORY MAP (cont.)
S FREQ. NUM
P X BLOGK FREQ. NUM
ABHL CH 3 SUPPLEMENTARY FREQ. NUM
CH3 SUPP
X X CH3ISUPPBLOCK | o "o
X X FEEDBAGK ALGORITHM
L R AMS X FMS

Ganesis Sound Softwame Manual
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..... e
-
1
Each of the above has three entries. All follow the pattern
i
ASH | CH3, OP3
AAH oF :
-
CH3, OP4 s
i ] e
- Fain o
e o e i
SR o S, s
e e
SRR R, ot
e e et e el e
R R =
el e e
B HES S
e e
o
L e
‘ - cation of 30H-B4H, where channels 1-3 are by 48, .
PART 11" is a duplication of 30H-B4H, channels 1-3 are re d by #:8, .
L SRE RS Iy
-c-:-?'-"-"w- S A .-\.:-.a:f.g::é.;.-.-.-
¢H+3 k A
-a-c-x-\:- -a-:--a-;:.-.;..-
S e
. ¢¢¢+d~ ek -6§+x+x+ﬁ e
The Registers: fa, SR B
¥ s S e o
el e S A e R et e -
- WL A el
e e
e R
i B
" s
i, R
RE i oo N i
e T e
LFO | WFOgun, o
it
22H X X X X
o e e e e
it R
e .. Sl
R He
-
$h4h43?+h+x+x+ £
"ol 3?wm+x§
e
5 -?-‘L.E"‘ "'.i‘f"
LFO EN — 1 is enabled, 0 d1sanl,ed 5 o
—— o
p: R
g L ey
e
A = PR ol
A v LA
e &)
LFO FREQ k
] =
S e, e
e e e e
e, o :-'q-:-'-ﬂ-x-\?-i-\. e
R g i e e + e
B R g A e i P
B e e e L e A vy
R e St
M R
piee [y i 1)
u .1 E 3 e 5 E ?
pae
o P
A i ot
_;ﬁ} e T
=
i s
Hz 3ge |E56 5.02 637 688 953 48.1 722
e g
e
& 5
2
e i
e s

The LFO (Low Ffaquegaga ciligtor): is. used to distort the FM sounds' amplitude and phase.
iriply enabled, as th,ere M

#}v@.v%w

.\:._.'

a.
b. a m m an aﬁ!annal by channel basis, in Registers B4H-B6H

c. an amplifii aﬁi an operator by operator basis in Registers 60H-6EH.

{!-
e
e
o -ﬂ-'\.-ﬂ-'\.vq. '\.vq..cq._cq._-\,q.
i, R B
e e

if H:fa LF‘&@ dasirad’*‘ig’f‘%le it by Register 22H. Next, select which channals will be affected by
.mkﬂ] tﬁ%ﬂaﬂma and whether their amplitude or frequency is affected, by setting Registers

e e

E!-ﬁi%W”"ﬁﬁ%ﬁ’f a channel's amplitude is affected, make sure that it is only the *slots” that

e

are affected by setting Registers 60H-6EH.

o e e B

e e
'\-"' ot ool
R R

e
o
L

¢ 2d4H TIMER A MSBs

TIMER

25H X X X X X X A LSBs

Genesis Sound Software Manual
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Registers 24H and 25H are ganged together to form 10-bit TIMER A, with Register 25H containing
the least significant bits. They should be set in the order 24H, 25H. The timer lasts

18* (1024 - TIMER) microseconds

TIMER A = all 1's —18us = 0.108 ms
TIMER A = all 0's —8,400us = 18.4 ms

26H

B-bit TIMER

88 * (256 - TIMER B) microseconds

B lasts

TIMER B = all 1's —0.288 ms
TIMER B = all 0's —3.44 ms

2TH

items.

mode, each

Registers A2 and AE“:.DDGr&!!J
rE IWE{ -C:-+;E%§_EE:;_ '\-'-M- e -H- g-:*g

i gty
e
TIMER B s
e i
s b
o
o
o
i
e
e .
i
e =
uuuuu e
S o
-~ S e e e, -
e e s
Pt e e e
] o R 5
e B e e
L S
S R e
e ey R T e e e e
S e e i e o
5 i e Rt T
e e i
e
R
S
...... e
P e e
R, SRR e
R e R
o ‘\-'i'\-a-c-'\-c-:-i-a-a S R
e "-‘N'g £ oS
C - b
Sy e e, s
il ] e dh
L L e B e e R o
T A e e -E - S
e e TR s S x
M e, el et e
R
., 4
e FaLs
ESET MABLE i L
GI'B "

MODE B

P .,
P e A o

.-'
5 ek
.A. "’:B;" A B:-ﬂ-'\--ﬂ-x - A.

Register 27H controls the software timers and the cnam Ef  tand

e
S ﬁ;\.ﬁ e

< F
= g e 3$
s i) ko
A 5
A o
++. je )
Fif —
--+ﬁ:-+:-+.w L
e R R Dk oo Ao
GHa R B et s '\-'-\:--:-\:-' ey
ERE T e e i
B o [ e o e S
e Ao e = et
= ba-a-c--a- .c.q.....

NORMAL .4 0

Clgﬁ&l&h&msamasmm

e

P

1 | Chaniél 3 has four separate requencies.

e
-~

I 1

SPECIAL i 0

¥ P P

-
LEEGAL. |
A S g
1+xgﬁﬁ¢?’¢?¢';ﬁw2¢.{+d+ﬁ i

'Q""C'PH'P}\.H'P?:. .'\.?

s
e e e

o
i i
e

e AR
A +-wmc¢

A normal manngﬂs;?:peraturs us;h offseéts of integral multiples of a single frequency. In SPECIAL

R

:-

e, LR
R B
T g, -ﬂ-x-ﬂ-

aaaaaa .

h+ﬁ>< T,
o e o,

Nnaﬁ&ﬁt Saga

o e
"""-"ﬂ-!- -ﬂ-}

:

Lo ": ol
e

el IDA -'\-:--ﬁ-:--ﬂ-:-l!-E

L R

5 B RN A o

T s

"""" FEEpa N

R R

aaaaaaa

‘m

. T
:- .\:. .\:._.\_.\:._.\.

e
=
L

RESET

2BH

L

>

e
has
:

e

)

ﬁﬁﬁﬁﬁ

m ‘the timer feature, but the Japanese manual says:

operatar has an entirely separate frequency. Channel 3 operator 1's frequency is in
rs.2 and 4 are in Registers A8 and AC, A9 and AD, and AA and AE,

- 1 causes timer overflow to set the read register flag. 0 means the timer keeps
5 cycling without setting the flag.

OPERATOR

X CHAMNNEL

Genesis Sound Softwars Manual

February 21, 1992

CONFIDENTIAL

# 106

writing a 1 clears the read register flag, writing a 0 has no effect.

Fage 12

PROPERTY OF SEGA



o
o

This register is used for "key on® and "key off.® "Key on”" is the depression of the synth_esizer
key. "Key off* is its release. The sequence of operations is: set parameters, key un,lwalt. I-_:eyr
off. When key off occurs, the FM channel stops its slow decline and starts the rapid decline
specified by "RR", the release rate.

In a single write to Register 28H, one sets the status of all operators _fﬂr a single u:hanm_ai. Eag_a
always sets them to the same value, on (1) or off (0). Using a Epam:all qhanr_nel 3,1 bellnwe itis
possible to have each operator be a separate note, so there is possible justification for tuming them
on and off separately.

OPERATOR

HAMMEL
431211 ” c

A
e e S
D2 (n}] DS RS S S e
e
o e
s
aaaaa
Channal 1 ; 2
0 T
e
S
n u 1 E e
o R e
- e
0 1 0 3 | B
e ey L
- e S S e L,
i B e
e SO, el e
gt e o o
S, o ek
ey g
.-.q..:.;.v-:--:-i:.-\. o
S e e, e
M, ek
1- 5 By S
R o
B e e e
E R
1 1 T e,
e i
b e
N ek
g A L e
e e e s
e S e £
e e .
e -\.-\!-:--c:--c.-.-\.-:-a--:--'-a--c-ﬂ-c-ﬂ-.q.
e R e
b A P e
AL s R
e sk o e
2AH DAC DATA . w4
e e S
ol i e o
L ]
o g i
A ey
e e
S s
e T T ey
Bl S e e
N, PR e R ML S
s = ¥ e o e e e T A
er 2AH contains 8 bit e P
Eg ':-."+.-u+$'\-'¢'\-'¢h¢.-\.¢.-\. bt e o
B e waaaile
o e e S e
e i
-

2
o
.
i
-
>

2BH

T
R

b
- =
e

p

T

S e
e e e Sl

If the DAC enable Ei%ﬁ&%ﬁﬁﬁ&tﬁ&ﬂﬁtput as a replacement for channel 6. The only channel
6 register that affects the DAC is the Btereo output portion of Register B4H.

o 5
Registers 30H-90H ate all singlesoperator registers. Please see page 8 for how the twelve channel-
operator combinations are dffanged.

R b
b e e Az
mmmmmmmmm BT £
««««««««««« s
xxxxxxx e ee)
R i -
T 30He | N DT1 MUL
o L
5 i £ e
ok e B
..... [
o e e P = g
vvvvv e
e S
e

TEEB%JH% and MUL (multiple) relate the operator's frequency to the overall frequency.

MUL ranges from 0 1o 15,,, and multiplies the overall frequency, with the exception that 0 resuits
in multipfication by 1/2. That is, MUL = 0 to 15 gives x 1/2, x 1, x 2, ... X 15.

DT1 gives small variations from the overall frequency x MUL. The MSB of DT1 is a primitive sign
bit, and the two L5Bs are magnitude bits. See the next page for a diagram.

. .
21, H a0
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D& Ds D4 | MULTIPUCATIVE EFFECT
0 0 0
0

Mo change
0 1 x (1 +E)
- L 0 x {1+ 2E) whens E is a
small numiber
0 1 1 % (1 + 3E)
f 0 0 No change
1 0 1 x(1-E)

1 1 0 % (1 - 2E}
1 1 1 % (1 - 3E)

aaaaa

OH+ x- TL sliip
e
s
e

smallest. A change of one unit is about 0.75 dB. 'Ti‘;féffé:, _:;;;

mmmmmmmm

operators will affect the flavor of the note. ﬁfE:;;mfg;E;E;:;;} His
50H+ | RS | X AR Fg ‘:E;

mmmmmmmmmmm

""""

‘‘‘‘‘‘‘‘‘
mmmmmmm
.....

aaaaaaaaaaaaa

i booe gk i
--c“”:”';".; ;""'; R e e e
" ' e _
o = e 3.3@._.., -
i e e
i H . ok,
BN i ik
b - e
L = ks
e
i
=
s
e
L
P
Pt
P
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The frequency's top five bits (3 octave bits and 2 note bits) are called KC (key code) in the

following rate formulas:

RS=0

= Final Rate = 2 * Rate + (KC/8)
R5=1 = Final Rate = 2 * Rate + (KC/4)
RS=2 = Final Rate = 2 * Rate + {KC/2)
RS=3 = Final Rate = 2 * Rate + KC**

** Always rounded down.

As rate ranges from 0-31, this means that the RS influence ranges from smal (at 0:3) to very large

(at 0-31).

BOH+ | AM | X X D1R

D1R (first decay rate) is the initial step amplitude decay rat% _

in value and affected by RS.

TOH+ | X X X

A A
g +>+’+~'+ e »
N e e e e e
e ""-a-:n:-a---\..-\.«:-;.«:--\..
ey b e
-'E" S T e
by S e,
. R
e
S
e

- .

T il ey -
g-a-%—a-'\-a-x-a-a.-\.-.. e
LT

;

e

D2R (secondary decay m&iﬁg&e long taaiugkﬂf m?suurﬂ that continues as long as the key is

depressed. Ks | g

= - | _Z_.._:'-._:._'r - W =hLs

g e :
diagra 2
iagram on i »
.0 - Pt

it i, e

_:_-:-'\-:-l-hﬂ-i:??;-:-m-h !
- £

-

FREQ NUM

)
o
=

i
*

T
S
x Sa e o e
SR A

i

BLOCK

FREQ NUM

CH 3 SUPP FREG NUM

CH 3 SUPP BLOCK

CH 3 SUPP FREQ NUM
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Channel 1's frequency is in AD and A4H,
Channel 2's frequency is in A1 and ASH.
Channel 3, if it is in normal mode (please see page 12) is in A2 and ABH.

If channel 3 is in special mode:
Operator 1's frequency is in A2 and AGH
Operator 2's frequency is in A8 and ACH
Operator 3's frequency is in A9 and ADH
Operator 4's frequency is in AA and AEH.

The frequency is a 14-bit number that should be set high byte, low byte (e.g., Adhfﬁ;yan ADH}' Thg
highest 3 bits, called the *block,” give the octave. The next 10 bits give pualtlwm the uctavé

e
b
prae -:-:--c:--:-.-\.-:
and a possibie 12-tone sequence is:
e g - < i 2 ot
s e, PR e e
e e e e
e e B Ly o
B e
ok el e
SRR AT
Low E‘I ? bl R,
e el e
e e, b S
e g, e o
o e e e O
53 e i o s
E S =t it e
o e s e
o SR i R
et e s e e e
e e e e e A i
o, et s e G
P . P e
J ':-Hg-::- x-\. g o L
?33 oS e el el
o o e
N el
B e
i A e bt
1‘" e pEex
o e e e
e, e
. Sl e e
’ e et
E‘Eﬂ i R
., e
A et ez
e e e
B T % =3
e e e i F
B e -a-:-\.-\!--u--a-:-q-:--a- .
B e - 5:- e
o ""-‘-c-a--c-ﬂ--a-c-.-c .g.-ll:.g.,ﬂ. -
gE bl "-'+"<+-+-a-x+'\-'+x-\:-
= = ?:-'-\:-:-'«:-
% E e el
s e o o
979 A
PR e
+-w-'\-'\-'-\:-'\-'¢ e
S LE S
e B,
A ]
1037 o
ki el
b -\:-'H.-\:-.-:‘\?$ o o
Lie e o e e s
1m s, gk A A
+:--::-\.-:M- i A o
B e e fos
o A e e L = Sy
i B e e o
Ig St pely
Rk =i
e
s
4
+ L e
ke e R
o F) e
e
Thi Inside each :
s sequence should be used Insi g
e
e =
X0
.-.-\. oy
pind
?“H‘ g
PITT i
BOH L FREEDBAGK ALGORITHM
o e
+ x.i.l\:-.-\.-\.- _.a.ki e
éﬁ'” o et e e e

-:-v-:-:--:-c--:-!-é-\.-';-u:-:--:-:-v
.~3” : : .
Feedback is thg- ﬁag‘ree to whr@ -::peratnr teeds back into itself. In the voice library, self
feedback is represented as this: ,g;g“

e whe
-'-'\-:-'q-‘i-::--\::- S e b d
o o e e -
PR R RO s,
Bl Doy s, S
R ey
o fepeons
el L2
S el Tt e S
mmmmmm L e
- e L
o bt e e, L
oo el B ﬂ,
e e T e e e
-'\-'\-'-ﬂ-:-'-ﬂ-:--ﬂ-
e S s
30 t@é 1 fi f ti ed. Please see the list of the eight
St o Tt
- =S,
l- r w
“ ;:
AT
g e
=========
aaaaa b et
Rpebipders
-"‘--!---ﬂ-}\.-\.
A
e T Y
{"-{!-{!-;}.-\.v:.y
G M L A
e +
e
B
R
e
i
-

Register B4H contains stereo output control and LFO sensitivity control.
L — Left output, 1 is on, 0 is off
R — Right output, 1 is on 0 is off
Note: The stereoc may only be heard by headphones.
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AMS (amplitude modulation sensitivity) and FMS (frequency modulation sensitivity) are the degree
to which the channel is affected by the LFO. If the LFO is disabled, this register need not be set.
Additionally, amplitude modulation is also enabled on an operator-by-operator level.

AMS | O 1 2 3
dB 0 4 1 59 | 1148

FMS o | 1 g fa ] 4 {818} 7 P LT
i 0 |234|267] 10| 214|220 40 80 4 ko
a haifione ol Bkl * - ik £
SR . GREm P
TEST PROGRAM SR
Value |Comments
0 |LFO oft
0 (Channel 3 mode normal
0 JOff
1 Ot
2  (Oi :
4 |off ; :
. 5 Off ﬂ} Proprietary
6 |Off )
0 |DAG off '
T 32H | Feedback/Algorithm
COH |Both speakers on
L‘Fn%ﬁ 00H |Key off
g 22H ] Set frequency
‘:’{g 69H
it FOH |Key on
00H |Key off
Notes:
1. Write address then data.
2. Loop until read register D7 becomes 0.
3. Follow MSB/LSB sequence.
Genesls Sound Soltware Manual
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Programmable Sound Generator (PSG)

The PSG contains four sound channels, consisting of three tone generatars and a nuisg generator.
Each of the four channels has an independent volume control (attenuator). The PSG is controlisd
through output port $7F.

Tone Generator Frequency _:-.A-”'

The frequency (pitch) of a tone generator is set by a 10-bit value. This value is cm.ﬂalpd dnwn uﬁtﬁ
it reaches zero, at which time the tone output toggles and the 10-bit va.J_ge is reloaded into thé

R o T

counter. Thus, higher 10-bit numbers produce lower frequencies. <:3;;;55;5<;;5::a
To load a new frequency value into one of the tone generaturs qﬁggghme a pajr Qia‘wlgfytes to VO
location $7F according to the following format: i gmm

e i, | e §
First Byte: 1 R2 | R1 | RO | d3 | d2 “tf‘;&?i?ixm;”

et C

L
3 R Pl
T e e
Second Byte: 0 0 d9 | d8 Fidd | d6 | d5% . cd
5 e i
i s (e o
e =
”*”¢?+H+33+v+.~+.«+m.\,
e b e L e
“"EPH-'H-'\! S
e A e
= T
ts the tone channel.as fo m Pl
E I vl s
e i i iy
Prm i e Pz
3 i e
P ok
o L
4 —_—
Fure i
H1 D 7 e el "
e, ik, L
g, P A Et e
R e e e e e o e N aEd
"‘--"‘-#"--J-?':'J":'\-'S'E:--c:--::--\.-.-\.-\.-q.;. B
e S s e e o
5'-*-'@--:@--:@-3@- s e
SR SR
R ]
1 #2
=
-] A
e i
iy e g
1 ﬂ n 3:“ )
FaiT ] i e
il ;9'"\?'?'
| L T Mg
et 5
o
e
:.- 5E
msb}:t dé d5 d4 d3 d2 d1 do (isb)
ata i :
e g o
-H--N-H-N'$ LR T
AT e A e
T S e e D e L,
""‘”“‘”“h“- -'“=-+=-<+<-'-“'+:-'+.-'+:-+.--\.-?-\.-q.-\..-
Y "“‘-’:-#:-':-J-W-\-ﬁi'\-'-:-:--:-:--a-:--:ﬁ bl
Ry R e
e e
b S
s P
'\--'\-:-o:--: = i
s D
=
Noise Gnnaratgr ntrui g
i
o :
A
o
..... i
s -\.; e : :
L e e
Th gene! rﬁhs tr‘l ‘Control bits to select the "character® of the noise sound. A bit
@ noise. i @o
Ry {'ﬂ-

"""" it R
e o e,

......

called 'FE' {Femk} prndmas periodic noises or *white™ noise:

Gerwes, Sound Sctlacto Marmal =~
2 i : e T wET Te
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The frequency of the noise is selected by two bits NF1:NF0 according to the following table:

NF1 MFO  Noise Generator Clock Source

Clock/2 (higher pitch, ®less coarse®)
Clock/4
Clock/8 (lower pitch, *more coarse®)

0
0
1
1 Tone Generator #3

0
1
0
1

Note: “Clock® is fixed in frequency. It is a crystal controlled oscillator sigrﬁi;ﬁﬁﬁﬁgéﬁiﬁgp

the PSG.

'::- ':

mmmmm

When NF1:NFO is 11, Tone Generator #3 supplies the noise clock anurgﬁ-; Thls“ﬂiﬁﬁﬁ the nnﬁa

to be "swept” in fraquanny This effect might be used for a jet anglnarﬂﬁiiiiiﬁ fnr exampla;:

i -
TR AR
e
L
-:- -:-
To load these noise generator control bits, write the followi I::
g ng ;ta*{gf Lg{] port E?;F ;;;;;
-:-\.-;;.;
= Ao e
-\?-"W-'i el SRR -\.-"
£ A AT e e
2 S
- e e e
e -+ e oty
; 1 1 n n B B ﬂ o it
b B P
= S . e
R Car i
D e
A s
Al e, >
+-::-'¢:--\::_;_-:-:--\..--\.-
R e R Y
g, R e
e e e
'\-'-\:-.cﬂ-i--a--'-a--\. ol
B e e A
e e e e e e, 5
e e S e
enuators L R #
= A S e e e
Ry N e e R
L e B el
--a-. e e e
G R

Four noise attenuators adjust the volume qiém% three tnrﬁ&generﬂlurs and the noise channel.
bits A3:A2:A1:AQ control the attenutatluﬁ as fullm

e 03
s
e
-'-'\--:-:- P ano
] -\.-\.-.-\.v-a.:.--a-:-..-\:-.-\.-\:-.-\.-\.::-q.q-q.-:-" T
+ B o e e e e e e =
A -\:-.-\.-\.--\-v-a.x-:-.-c-a--\.-.., =
<+<+:--c:--c:-+:-\.+ e
i

A3 A2 Al A0 Af i
_@db (maximum, qulum&]
% db Note: a higher attenuation results in a quieter sound

S S
- ﬁ s '\.-3.- *
O .;.E;. -
e e e el e IR e e el
e e e e el
e b e o el o
st
. B e
!-:i T
% 4
D s
10.db

0
0
0
0
0
0
0
0
1

Genesis Sound Software Manual
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The attenuators are set for the four channels by writing the following bytes to 1/Q location $7F:

Tone Generator #1; 1 0 0 1

Tone Generator #2: 1 0 1 1
Tona Geanaerator #3: 1 1 ¥ 1

BIB| B &

BIRB|IB|R
o
gl 3|3| 3

MNolse Genarator: 1 1 1 1

Bk
S - e A
e A A e
P S e R
- e

L
gl WA
i Lt
o R A
e T
i "
pE -
i - - .. R i
N - =
e T -
When the Mk3 is powered on, the following code is executed: & hann 5
Py - a7
e T, s
o e, 'H'!i o e
) Pt A e e e
; Lt L . V-Q-Q-cq.xq-fq.,ﬁ*.{ﬁ?q,x
R S e
] " W
LD HLCLATB ; clear tabla foituiks :

LD C,PSG_PRT  ; psgportis $7F A Seam
LD B4 : load four bytes S e
me -‘ﬁg’ e +.§m:-'
OTIR i o, @
(etc.) il

o EE e
e Ak ey
R malkl
REeery 5 f
- - <
e e
- "{-WEWE%:-\. e
E s S
el e
Snrnd o
TB dafb $3F F Hathhies, S
T ] + 3 T .¢§?.
“e et e =
oY 3 bl
b i E,
*

%, LA
This code turns the four sound channels off-“it's a go hidea to'dliso execute this code when the .
PAUSE button is pressed, so that the 9%2:!- does. not stay on continuously for the pause interval.

x

i1
L
<$%x

a?:t;#h e
i
bt f.}
=
el
B

-\.-
FEE
A
.
54
s L

:

o bo
st : o
SEaman A, Mo B i3

SRS b R A G R
L o e S
e o e e 5 £ i
RO b N b oy oy 35
N E o P} o
i 5‘3%
e
-,
ey =
"hid L
% e
f b
Ll
BEEEF
g
i
i
e

Genesis Sound Softwamre Manual
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SEGA OOF AMERICA, 1N
Comsumer Produces Division

NE TECHNT LETIN #0O

To: Developers and Third Parties
From: Mac Senour, Technical Support Specialist
Date: 3/13/91

.........

Re: Genesis Technical Bulletins 4

vvvvv
......

of Genesis game development that requlrga corvection or
clarification. Please replace all previous.® bq%;etlﬁgmymhﬁ the
attached pages. Mo,

These Technical Bulletins may not, in whole or part, be copied
photocopied, reproduced, or translated’ without m“&ﬁr written
consent from Sega of America, Inc. gFE ¥ @ @

If you have any questions, comments Eﬁﬁﬁave at rublem that you
like to have addressed in the future, pleaﬁﬁgﬁgnﬁ ct:

B,

:"-ﬂ-!";x#?

Mac Senour, Technical S iﬁ@ﬁﬁg& Specjalist

Sega of America ‘“*z*ﬁggggfi*;;p
573 Forbes Blvd. W

b
nee 33
-ﬂ-}\.-ﬂ-ﬂ- - - Lo
L bl
So0. San Franc1scq, C 940890
b
b
- o b
e K {-ﬂ-.{-ﬂ-f\. Lo
ot e e e Tpe
!-.{ {-ﬂ- -ﬂ- -ﬂ- o D -ﬂ-g-\?- LN kS
e e e o e -ﬂ-.{-ﬂ-hia\. oy -
ko wa b e e b
{-ﬁ- -ﬂ-.{-ﬂ-"{-ﬂ-ﬁ-ﬂ-i-ﬂ-xﬁ o -
{+-’\.+E¢?¢-’\. - -\.Qg
s
e
- -
o o
= ol
Pl L Bl
B g, S
g e e e
e S =
e R
'\-:- k]
froe b
- ;'é,
e
e, 2
. =
e e
+¢+.-\.-\.-gf-.-a-§;$$-!-;i e
& - e
F+V¢$+F§§"<rf”$%'ﬂﬂi i-"-‘ﬂ‘g?-ﬂ-a s
----- - PRSURIS o
SRR e
R S W@-\E#
A el T =
b s A
e - o al
R e L - =
e e s
ol - -
o =
faw pias
e A,
AL . S L e
N e i
e e Lo s e
S e, e, E el
i, sl el el B ey e
e i e, e el e i -
R, A w, v
o g el e, S e
il el
e A
R e PR
vvvvvvvvv o
w el e s
s R e B
ol el e P
el e, e
e
Sl R S S
S
A
R
——
Pttt
4 e Fe
4 S il
A A

. !
l\:-a.'\.-.l\.'\.-.-l\i-ﬂ-
b
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SECia O AMERIC A
Comsumer Prodocts 1).& STE

GENESIS TECHNICAL BULLETIN #1

To; Developers and Third Parties

From: Mac Senour, Technical Support

Date: 3713791

Re: Errors within the Microtec examples "

.

There are three errors in examples that are prn?iﬂed ﬁiéase

make the changes as noted. &
In TESTC6BK.bat: ! JL ot

The asmé68k commands end with a Eﬂmiﬂulﬂﬁﬂ‘fgmnve it and

e e D

the file will assemble cnrrectly ﬂf T e

The link command is lncurrect
LNE&6BK -c sieve.cmd -o sieve sieve

vvvvvvvvv

of 'STRINGSINTEXT' for allncatlng ﬁfﬁiﬁgﬁﬁﬁpEDdE segment rather

el

then data segment. The correct ﬁpﬂfllnﬂ' for this option is

'STRINTEXT'
i =R
- & :- q. .\:.
o o’ 1T
o =
o o
pes pes
ey o e =
e e e  at s -
Dy g e e e g g e e e, B
et e et e
e N e i A e N e e W ] i ra
B e A e e =
R e e =4 2
e e g
LT i
e
- s
o o
= -
LR Eed
-

vvvvv
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To:

From:

Date:

R IR T —— — — ——— — " — — " ——_n——— —— - S S e o S " —— S S - ——— —

SEGA OF AMERICA

INC.

Consumer Products Division

TECHNICAIL BULLETIN

No. 002

Genesis Developers and Genesis Third Parties

Steve HanHWa§}mﬂ

June 19, 1990

Genesis Loader Board

o
i

e = =
P et g Ut
e

In order to prevent 1nading errors, please have+ﬁﬁﬁ Iuliﬁﬁihg
modification on Genesis Loader Board.

2 Resister 4.7kfl 1/8W

1 Jumper Wire

e

You negd tn”’“ue.

b
= e
et .-\.-ﬂ-.-\.-ﬂ- = N o
s Sl e A =
s i o
Lo =1 REE S . R
S SO e MRS
R e e el
R e e e ol
e -c-a-'\-:a'\-:-a-x-a- e gt de e e s -
et TR, e
"-:-'-ﬂ-"-'-ﬂ-"-'-ﬂ-h-ﬂ- el T e
"-:- e e e e S
R ]
-ﬂ-:- e
e

Please call me if you have any questlnns or *‘¢ia£farranqements.

1} ."\.-."i -
-i {}{{

2}

3)

ﬁ

‘-ﬁia

R e

b ¢ﬁ+ﬁ+ﬁ¢
o 3h
R

‘H

£
i

l\?hl\?:-
-ﬂ- -ﬂ-}\.-ﬂ-.ﬂ.{‘ﬂ- e
By e A i e

ﬁﬂlhﬁv&“’;#.ﬁ#.&iﬁ#

h‘ﬂ-

X sueen

\_"‘ie.._.....__-"'—'.

iH lllllllllllllﬁ 8

<&

mmmmmmm

o

Flacéﬁﬁwik fEElSter be

o e

“and +5V.

{.'
=
e

=]
L p

'Q- o
A

}-ﬂ-.
. e
S oy

Gt

#13 and +5V.

tween centronics connector pin

Plaaﬁww Tk rESlSter between centronics connector pin ! XH

Place jumper wire between centronics connector pin

#12 and ICI 74HC74

74 Forbes Blvd., PO, Box 2167,

CONFIDENTIAL

pin #7 (GHD).
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SEGA

SlteA OOF AMERICA, INC.
Comsumer Products Division

GENESIS TECHNICAL BULLETIN #3

To: Developers and Third Parties
From: Mac Senour, Technical Support s

Date: August 2, 1990

aaaaa

Re: Precaution when accessing the 280 bus from a 6808

xxxxx ‘main
(non-interrupt) routine. ;

e

e £l
e o o
e e . e
L

If the following routine was executed and an: interrupt

-

occurred between step 2 and 3, a data error woiild ocgur IF the

aaaaaaaaaa
e

interrupt also access the Z80 bus. kN S

Rl e S e
vvvvvv e e, e
o e e e 2
e, e el e e, e
an us reques S S
et R e e e D e e e e D
e e e e B
2 Check acknowledge e T e
- e T, W el e T, e
o e el e, g e o 2 T e T e, T
L] LJ P e e e e 2 e D e e b
3 Writing data to Z80 bus At E N - S T S &
e e Dl e S e e, e e e e o D e e W
e 0 e e D e D o e e
alie o i e e D o
E o e e e e e e, el
o e e e el e,
e e T e, Tt
e e e
e e
e g el S, L
o e "

Essentially the main routine sends a bus reguest but before it
can conduct it's data transfer the ‘inteérrupt sends it's own bus
request. When the interrupt completes, it reléases the 280 bus, as
it should. Unfortunately the.sain routine éxpects the bus to be
available, thus an error oceurs. When this error occurs the Z80
RAM 1is corrupted. One symptom: ﬁé_;;is error is a sound is

SOMETIMES interrupted. e
The solution is really quite le, before step one above,

s
A e
e
e
Lt T

disable interrupts. i
. o f%_ {ql jr1lit. A fl*f'1ﬁidlufﬂ,ﬂr e E‘Iﬂ e v !

der
aaaaaaaa

E A

b L
R R A e
e e e R e e
e A e e L L
uuuuuuuuuuuuuuuuuuuuuuu

[ i
i i
] ¥
- L=
. -
e e
bt 43
e
T
-----
g
etk
e
[
i
¥
LY . . 1 FE T . . ' F g - - : . = = .
A Faprbees [hwal | 1M0) 0 Hess FEC o Mo Praracrsgar A R adlsI) o # ] A5 T XY e FA N 4 o IR
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SEGA

SEGA OF AMERICA, INC.
Consumer Products Division

G SIS TECHNIC IN ¥4

To: Developers and Third Parties
From: Mac Senour, R&D/Technical Support "

Date: September 7, 1990

mmmmmmmmm

Re: Reading the controller pads .g:?iﬁifééiiw:

e
e
&
e

P
?e.-’ "'-\..-{:-'\.
e }
&

When reading a location within the range of $A1ﬁﬂﬂn $h1d@fi"F
which includes the controller pads, the Z80 must have a +§bus

o

request. If not the wait state will change frmhzsﬂrnglg? 110ns.
The shorter tlma will cause the Z80 to misread “All ufﬁ&ﬁz:mﬁatn.

B b Y

-
<m
{
=
:-{

Included with this bulletin is a reprin he routine that
reads the control pads in the Logo Demo \ can see,

this routine sends a bus request, reads ﬁﬁﬁﬁn xelaases the
Z80. H“?

R

- v
e o = E
Wi 5
g TR EE
-
o s
s e
e .
] ¢ e s
ik s e L= S
- E'\. 1 qmn bt e E'\. L
B G ey
i A oo
o e e e, M‘ﬂ'h‘ﬂ-ﬂ'\.? Q‘E‘ $ A
£ LR ’
e
b T
-
£ =
B sy
e s e
pgus?
A e
= = Pl
- e
s-e- b Rk
= -
Pl
i
e

o %
¥ 3% F e
“ e
5 ST
& L
3.«.% % i
i
EF d e &
£z fa
et '\.'\q.l\.
s g Rk
LA k- St e
fhEn i % i
31' iffai?h s e i
W
Hﬁ.-g-;fq-&i - A,
e e, e
S, A
TRy o 3 = B 3?-
S n "':.-\.isi-h x
LT W
A
TR et
ekl SR
s s
i i
n .{?\.ﬁ‘\?‘.’\.'\. '-{"
o Y
' otk -\:-w-a-w'\c
] .--H-.-ca"-:i:-c; E
‘ﬂ'}‘ﬂ'?'\..’{‘ﬂ:":!‘ﬂ' % o $ﬁ?’
o e S
e T o
e ) -
S
T T
i,
S i
"'C"""'"ﬂ"‘{‘ﬂ'ﬂ{}v."ﬁ
SR
S e e e e
R
B ’
s
&
e
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) : ' N el

; ( TA )

: ( ST )

;sw _datal+l is the address for edge data of port 1l

regiliy SWi

. zB0_diw ; set busreqg

“ bsr.b rs sub
zBO ei
rts
re_sub:
lea aw_datal,ab :switeh data store address
lea port 1,a6 ;port for pl
bsr ??rs_0
addg.w #2,ab ;ab = port_2
??rs_0:

move.b £50,(a6)
nop
nop b, s
move.b (a6),d7 fhen :TH. .= 0
asl.b  $#2,d7 nfTH = 0 & wait
move.b $#540,{ab6)
andi.w #11000000b,d7 0 & wait
move.b {(a6),dé u

= andi.w $#00111111b,dé6
or.b dé,d7
not.b  d7
move.b (a5),dé6 ;copy

 eor.b a7 ,dé i

. : move.b d7,(aS}+ i switch data

and.b d7,d6 :

move.b d6,(a5)+

;switch edge data
rts

;Rexxkxk( port initial
sw_init: ;port initial
moveq :set TH out

move.b

-:- ﬂ:&-
FLt%ﬁ;ttt*ttttttttttttt*ttt*tt
et

ntroller port address

F
; ir g ;
i fruist s 1 == 500 Modem &
§ '%?%ﬁjﬁ. ; s$0d Mega Drive Joy Stick :
; S0e Ram Disk .
: sOf ETC. or Nane :
x use 0, a0 { 2
;:kti:ir-.ti:*:t*t*kfﬁt:ﬁ:*ti##t****it###**t**!!*It*lti****t!‘!‘**;
cont set 50006 !
ort:
'P movem.l di-d2/a5,-{sp) ; regilster push
dis
280 _diw
lea ?7and_data(pc) a5 data table address set

move.b (a5),cont(a6) Th bit set output

Cﬂmg?dl # 106 ?Rﬂ}?i-mﬂgislﬁgister initial

B mA e




SEGA OF AMERICA, 1N
Consumer Producos [Mvision

ENES HNICAL B
To: Project Managers, Developers and Third Parties
From: Mac Sencur, Technical Support Specialist
Date: November 26, 1990
Re: Cartridge identification Pt N
3-\:,5'.: IR

Every product must have, at location 100h, an IMLE. Th e
table is slightly different for each type nf
difference is small, affecting the product code A
both impartant for pruduc:t approval. Please

pages in your Sega Software Manual. S
P ;
SEh
a5 T
£
s,
e
w-go-ué-'ﬂ:xv '
Y
: %&E?’
.§3‘ e
“;;;ﬁ%.‘ﬂm
S
o
J.-‘..lgj-
< ; vl
Ty, &
{% k%
gL mi
'31:: M
Sk
| 4
st
i
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;*****t******t*****#*****#*************#‘k**i******i
- % *
:‘* SEGA GENESIS CARTRIDGE ID TABLE *
" o *
:T* STANDARD FORMAT FOR SEGA OF AMERICA &
; *
:': NOV 26 1990 SEGA OF AMERICA *
:::***#****‘#**t***********#**##*i#i**t###****t##*##:

check sum equ $0000
ORG $0100 4

o
U SR - - . L - S —

dec.b ! 1 oy
dec.b 'GM ME-XXXX -XX!' 180 product #,
dc.w check sum +.+18E check sunm
dec.b 'J ' " 180 controller

dc.l $00000000,$0007£££f, $O0££0000, SOOELLLLS ;1a0

el el
.
I

et e T
b, o
1? T ek
o

-
e
el o
o
e

o

version

; * e
dc.b 'SEGA GENESIS ' ;100 N o
de.b '(C)SEGA 199X.XXX' ;110 releasewyear month
dc.b 'your game tile ! ;120 Japan ﬂ@g%g T
de.b ' 7130 T,
dec.b ! ‘ 1140 g i,
dc.b 'your game title ;150 U tifdle wion
dc.b ! : 1604 & Eh

: i : ,
’

o
[ ] 1 o e e e
C < % - R
& el " B
L, ey e e
1 1 <.-<:-+.-< X
e e ¥ &
& o e H

ey
o)

go.h ! -1 ; 1ID0O
L el i Rl
st el ol e e, n it
! mmy e e b b L B
LY. RN AR N e

ey e e e
{ {f‘ﬂ-."-ﬂ-}-ﬂ-a{h{}# R =

de.b U P IIFD

&
P o
s -~ o
e ) i
e e e
Pk At
e diatuniat
i ey
. o =k
o e
a s
o] Lt
e, -
e -
gt R R, |
e e
B L e e g e et e e BT
B, S B L AP £
R e
B - I L UL, ML Bt .
- S A L
ey = S
T &) L
e i A
SERERC, e s
e Es e ey
P a=h .
o et
P . =
b i B
e = e e
Pt o PR
SRR R, = e i
b UL, L . et s
gl el At i P
SR, PR ey ., by
L e S R o '
ik v S,
e, S
it L e
kR o
P s e AR
o L it b
SR (i P S Lo
PRy LR S B
PR R 8 B
o bl L
R b
4 T e e
o e bt wol=hoaleh
Ll e one
Py s ks
S i i s
e Al AB -
e b s e ot e, Ll e
P R e e e
o o e S T g o e e g g e Dl
T e e e Sk W
gt T e
P LR
e, i
R
PRy
ot e,
ARER AR e
o S
St e e
R
ey
S
ol
-
i ]
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X

;: SEGA GENESIS CARTRIDGE ID TABLE
;: STANDARD FORMAT FOR THIRD PARTIES
;* NOV 26 1990 SEGA OF AMERICA
i:t*t**t*********ttit*i*****t**t***itt****i**t****

¥ % ¥ * ¥ ¥

check sum equ $0000

ORG $0100
2w o e e e i T e S s
dc.b 'SEGA GENESIS ' ;100 5
dc.b "(C)T=-XX 199X.XXX' ;110 ralaasaﬁear%;mm
dc.b 'yvour game tile ! ;120 title 4f > Hi
dc.b ! ' ;130 i .
dc.b ! ! ;140 ey Nk
dc.b 'your game title ' ;150 ti < kT
dc.b ! ' T ;16080  Bamm 0
dc.b ! ' e Yo W
dc.b 'GM T-XXXXXX XX' ydth . version
dc.w check sum
dec.b 'J . +] o
de.1 $ﬂﬂﬂﬂﬂﬂﬂﬂ $ﬂﬂﬂTffff $ﬂﬂfﬁ 30 0 F ;1a0
dc'h o
e &
dec.b 1!
dc.b !
de.b 'U
;?:tgégé ;

e

-ﬂ-:-'ﬁve-?b:-'kmﬁ-

Ee el

3
el
e
=
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ENESIS TE

SEGA

SEGA OF AMERICA . INC.
Consumer Products Division

From:
Date: 4/2/91

Re:

It
incorrect values.

Developers and Third Parties

NICAL BULLETIN

/]

Mac Senour, Technical Support J K#g’

is possible for a well used controller

Specifically: up AND down, leff AND right.
is due to the small piece of rubber wearing out inside the
Your routine that handles the values read’shoul

mmmmm

5§gad tr.:-
;Ehls

-M-c-a--a-:-'-a--.a.:--\..--\._.\,Eﬁ'dl-
d be'written so

that if the number is NOT one of the experteﬂ.iﬁluéﬁ er should re—.

read the pad to obtain a correct value.
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ey, e T S, o, o
AR R e LS Al
e e g
R e
e Pt
bl A
-~ o D T -
. o ok = b
it St e e o
PO L S e e e e i
AR b A
o e e ikl
= s e e
£ ekl i
e et e
ke o -
S Fopar e
ﬁﬁﬁﬁﬁﬁﬁﬁﬁ e ey -
B e = ™=y e -
P el TR e
L - B -"-:-{-ﬂ--'-ﬂ-""z""
g o0 g e e, e e S e e e
i bl o TR
o o D e, S A
Dl D, —
e
e e D,
A
B e T Y
g Tl Dl D
b
e
Lt
e
o
e
ey

# 106

+vﬁ+ﬁ+a= e

R M
B
el

Ions-Or comments.

e
L

. BO. Box 2167, So. San Francisco, CA 94080 * (415} 742-9300 = FAX (415) 742-0516

PROPERTY OF SEGA



GEN

To:
From:

‘Date: 9/9/51

Sound output stops during a game. ;

Problem:

The busy flag was read in the FM snun&
like this (address 4001h)

(C5,RD,WR,Al,A0)

However,

regulated accurdlng to the conditions set ahﬁﬁﬁ?
the device being read as "not husy"ﬁ &%mgg a conse

outputing sound.

Fix:

When the FM sauﬁﬂ
access anything else otherithan: . .

-
s
(Al,AQ) = (0,0)s
F F e
e
e
==
. =
£ e
Ak =t
et =
B, e
B R e
e e
B e

L :
o e g
oo o
e Ve =
S =
e
e o
Ak ]
-t -
L e )
S = o, .
E e e, R
e i, s i
e e e, ey [y b
R A PR S, e,
e B e e e, e F e il
e e Ean
R R R R e
R P
R e
e e e A e, h
Lo B ey e Il el o
A e ¥ e =
A e e M e L e
E e B R e
o e e e e
- AL & alelbdn
R e Al
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Developers and Third Parties
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SIS TECHN ETIN

To: Developers and Third Parties

From: Mac Senour, Technical Support ﬁﬁt,a
Date: 2/9/91

Re: Problems with repeated resets

The software seems to go out of control: when. resef’_{g‘f; are
repeated. B ST ;

The Problem: 2
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To s Developers and Third Parties
From: Mac Senour, Technical Support e~
Date: 9/9/91
Re: carractluns to the Genesis Software Hanuq;w wﬁ%ﬁ%
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From: Mac Senour, Technical Support L"*‘Lf

Re: ROM splitting i i
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GENESIS TECHNICAL BULLETIN #27

To: SEGA & Third Party Developers
From: Technical Support Group

Date: January 24, 1994

Re: Genesis Technical Information
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The following tech note contains information on Genesis peripheral devices.
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1. Warning regarding control pad data reads

For both the 3 and 6 button pads, the pad data is determined 2usec after TH is

modified. Therefore, as shown in the sample below, read data from the pad Zusec
(4 nop's) after TH is madified.

Joypad Reads

Pad data from the 3 and 6 button controllers are read 2usec after TH is modified. The
wait is necessary because the data in the chip needs time to stabilize after TH is

modified. If data is read without this wait, there is no guarantee that the data will be
correct.

Moreover, the 2usec time is equivalent to 4 nop, including the 68000's prefetch.

Z80BusReq equ $A11100
ZB80Reset equ $A11200

kR R R R R R ER R R R R RN R AR AR R R R R R R R R R AR KRR R R R R R &

¥

, _JSID joystick id get.

: This routine essentially performs connection check of the Genesis 1/'O

: ports. Figures out if some kind of controller is attached to /O port and
; distinguishes between different classes (regular vs handshaking)

; controllers. This identification scheme is based on Addendum #1 in the
: Genesis Software Manual

s in; dlw port number (0...2)

. out: d0.l=1D

: $0d  MD FP6B(six button) or MD 3button

: $03  SOA/SOJ mouse

; $07 SEGA TEAM PLAYER

: $ff  input error(passed incorrect port number)
. $0f  unknown or nothing connected

kMR ERREE R R ek Rk kR kR kR kR Rk kR ke R R R R E Rk

JSID:.

cmp.b #3 dl1
bit _JSID 10
moveq #-1.d0
rts

_JSID 10
movem.| d2-d3/a0,-(sp)
move. w #$100,Z80BusReq  ;Z80 bus request
Move.w #8100, Z80Reset :Z80 reset line high
btst.b #0,Z80BusReq 280 bus grant acknowledge
bne.s *-8 .wait until bus granted
move.l #$00a10003,a0

(Y 111 1/54) 2



moveq #0,d0

move.b d1,d0

add. d0,do

adda l d0.a0

moveg #0.d0

move.| d0,d1

move.| 6{a0),d3 :save original status of control port
SWap d3

move.b (a0),d3 ;onginal status of 'O port
move.b #9401000000,6(a0)  ;1/O control : TH {PD6) output
nop

nop

nop

nop

move.b #%01000000,(a0) set TH=1(high)
nop

nop

nop

nop

move. b (a0),d0

move.b #9500000000,{a0) .set TH=0(low)
nop

nop

nop

nop

move. b (a0},dl

move.b #%01000000,(a0) .set TH=1(high)
move. w d0,d2

Isr.b #1,d0

ror.w #1,d0

Isr.b #1,d0

rol.w #1,d0

TOr, W #1.d2

Isr.b #1,d2

rol w #1.d2

or.b d2.do 1D2=(PDé&=1) & (PD1 OR PD0O)
and. w #$03,d0

Isl.b #2 do

MOove. w dl,d2

lsr b #1,d1

Tor. W #1.d1

Isr.b #1,d1

rol. w #1.,d1

ror.w #1,d2

Ist.b #1,d2

[N 1111/94)



rol.w #1.d2

or.b d2,d1 JID0=(PD6=0} & (PD1 OR PD0O)

and.w #503.d1

or.b dl.d0 -return id value

move.b d3,(a0) ;Testore original status of 'O port

swap d3

move.b d3,6(a0) ;restore original status of I/0 control port
move. w #0,7Z80BusReq . Z80 bus release

movem. | (sp)+,d2-d3/a0

rts

2. Warning regarding Sega Mouse data requests

After the 10th data read, always issue an END DATA command. Set both TH & TR
bit high to issue an END DATA command(see example below). Abnormal operation
may occur if data beyond the 11th state is read.

R R RS AR LR AR E RS RIS E R EE R R R R L R R R R R R R

* MOUSE GET mouse/tablet drver

* THIS DRIVER READS THE SEGA MOUSE

* Access this routine from within the V_INT.

* The Z80 Enable/Disable code is provided as a safety check, to
* prevent unfavorable bus access.

&

*m dl.w: port number{0.2)

*out: d0.1& d2.1

4 d0.l contains connection status and reserved bits

d2.1 contains MOUSE bits

d0.1 = xeooxpoootooodoojtl ml 1 111111111

If mouse is connected, value returned in d0.] is as follows:
d0.1 = xcooxpooodoomooo L O T LI T T EL T 11

if mouse connected, bit t1 =1 m1=0

if tablet connected, bit t1=0 m1 =1

note bits t1 and m1 cannot simultaneously be zero.

In case of error(nothing connected,other dewvice, or incorrect port value)
the driver returns O in register d0.1. If mouse/tablet is actually
connected, the value in d0 .1 cannot be zero.

In case of timeout, the driver sets bit 31 in d2.1, and returns 0 in d0.]
MOUSE DATA is returned in register d2.1 as follows:

d2.1 = Oxxx|xxxx|Y o XoYsXs|CMRLIX7TX6 X5 X4| X3 X2 X 1 X0 YTY6Y5Y4[Y3Y2Y1YO

& # # #* F ¥ ¥ * ¥ * # % ¥ ¥ * ¥

(YN 1111784) ; 4




% denotes don't care bits

Yo (Yover) 1| when Y data exceeds 255{fth)}

Xo (Xover) | when X data exceeds 255(ffh)

Ys (Ysign) 0 when Y data is positive, 1 when negative
Xs (Xsign) 0 when X data is positive, 1 when negative
C Center button (START/PAUSE)

M Middle button (TRG-B)

R Right button (TRG-C to CANCEL)

L Left button (TRG-A to SELECT)

X7-X0 absolute values of movement in X direction
Y7-Y0 absolute values of movement in Y direction

2 ¥ £ # # % W X ¥ X ¥ E W* ¥

register d0 & d2 is used for output

REGISTERS: register d1 is exclusively used for input to the routine.

e L T R S o P g g g A

MOUSE GET:
movem.} d1/d3/d4/d7/ad.-(sp)
move.w #3100, Z80BusReqg
move.w #3100, Z8(0Reset
btst.b #0,Z80BusReq
bae *-8
moveq #0,d0 * error flag
cmp.w #3$0002.d1
bhi MOUSE_EXIT
add w di,di
move.l #$00al10003,a0

MOUSE_CONNECT:

*THTER=11{END DATA comumand)

* nothing connected/differnt controller

move.b #360,6(a0,d1 w)

nep

nep

move.b #360,(a0,d]1.w)

moveg #0,d2

moveq #0.d3
mouse_rdy_Ip:

btst.b #4 (a0, d1 w)

beg.b mouse_rdy lp

move.b (a0,d1.w),d4 *d4b=?1110000

and.b #$0f,d4

tst.b d4

bne MOUSE EXIT

move.b #$20.(a0,d1 w) *selecttlmil 1l

mMove.w #Efe d7 * timeout parameter
mouse_Ipt:

btst.b #4 (a0,d1.w)

YN 1/11/84)



bne.b
dbra
bra

MOUSE_10.
move. b
Isl.w
move.b
nop

mouse lp2:
btst.b
beq.b

* bne.b
dbra
bra

MOUSE 20:
move.b
move.b
Isl w

mouse 1p3.
btst.b
bne.b

dbra
bra

MOUSE_30:
move.b
IsL.b
Isr.w
move.b
Or.wW
moveq

mouse lp4:
btst.b
beg.b
dbra
bra

MOUSE 40:
move.b
move.b
Isl w

mouse_lp35:
btst.b

[YH 111/94)

MOUSE 10
d7,mouse Ipl
MOUSE_ERR

(a0,d1.w),d0
#8.d0
#300,(a0,d1.w)

#4 (a0,d1.w)
MOUSE 20
MOUSE 20
d7.mouse lp2
MOUSE_ERR

(a0,d1.w),d3
4$20,(a0,d1.w)
48 d3

#4,(a0,d1.w)
MOUSE 30
d7.mouse Ip3
MOUSE ERR

(a0,d1.w),d3
4 d3

#4 d3
#300,(a0,d1.w)
d3,do

#0,d3

#4,(a0,d1.w)
MOUSE_40
d7,mouse 1p4
MOUSE _ERR

(a0,d1.w),d2
#$20,(20,d1.w)
#8 d2

#4 (20.d1.w)

* d0 = woochooodhooodtl ml 11
*d0 =xzoxitl ml 1 1j0000{0000
* select 1{rsvl) 1(rsv2) 1{rsv3) l{rsv4)

* d3 = xooxxxxxiooodl 111
* select 1(rsvS) 1{rsv6) 1(rsv7) 1{rsv8)
*d3 =xexxil 11 110000[0000

*Ad=wox|1 11 lpooodl 111

* select Yo Xo Ysgn Xsgn
*do=woottl ml 1 111111111

* d2 = xooxxpoocxpooxiYo Xo Ys Xs
* select Center Middle Right Left
*d2 = xox|Yo Xo Ys Xshooo|xxxx




bne.b MOUSE 50
dbra d7,mouse Ip5
bra MOUSE_ERR
MOUSE 350
move.b (ad,d1.w),d2 * d2 = xoooi|Yo Xo Ys XspooxiCMRL
move. b #300,(a0,d1.w) * select X high X7 X6 X5 X4
IsLb #4.d2
Isl.w #4 d2 *d2=Yo Xo Ys Xs5{C M R L|xoodomx
mouse Ip6:
btst.b #4,(a0.d1.w)
beg.b MOUSE 60
dbra d7.mouse_Ip6
bra MOUSE ERR
MOUSE_60:
move.b (a0,d1.w),d2 *d2 =Yoo Xo Y3 XsiC M R LixaxiX7 X6 X5 X4
move.b #$20,(a0,d1.w) * select X low X3 X2 X1 X0
Isl.b #4 d2
Isl.] #4, d2 *d2 = xooodYo Xo Ys|C M R LIXT X6 X5 X4pooo oo
mouse Ip7.
btst.b #4.(a0,d1.w)
bne.b MOUSE_70
dbra d7,mouse Ip7
bra MOUSE ERR
MOUSE_70:
move.b (20,d1.w),d2 * d2 = YoXoYsXs|CMRL|X7X6X5X4|xxxxiX3X2X1X0
move.b #300,(a0,d1.w) *select Y Hgh Y7 YO Y5 Y4
Isl.b #4,d2
Isl.1 #4.d2
*d2=YoXoYsXs|CMRL|X7X6X5X4|X3X2X 1 X0poom oo
mouse_Ip8:
btst.b #4 . (a0,d1.w)
beqg.b MOUSE 80
dbra d7,mouse 1p8
bra MOUSE_ERR
MOUSE_80:
move.b (a0,d1.w),d2
*d2 = YoXoYsXsiCMRLIXTX6X5 X4 X3X2X 1 X0ooo| Y7Y6YS Y4
move.b #$20,(a0,d1.w) *select Y Low¥3 Y2 Y1 YO
Isl.b #4.d2
Isl.] #4. d2

*d2 = YoXoYsXs|CMRL|IX7TX6X5X4|X3X2X1X0YTY6Y SY4hooo| oo

(YN 171 1/94)




mouse |p9:

btst.b #4 (a0.d1.w)

beq.b MOUSE 90

dbra d7,mouse_lp9

bra MOUSE_ERR
MOUSE 90:

move.b (a0,d1.w),d2

*d2=YoXoYsXs|CMRLIX7X6X5X4/X3X2X1X0YTYOYSY4poxxx|Y3Y2Y1YO

move.b #360.(a0,d1.w) *TH TR =11{END DATEA comunand) and exit

Isl.b #4.d2

lsr.l #4.d2

*d2= ooopoood YoXo Y sXs|CMRLIXTX6X X4 PG XX I X0 Y TYO Y SY4Y3IY2Y1YOD
mouse 1pl10:

btst.b #4 (a0,d1.w)

beq.b mouse lp10

or.l 430000000042
MOUSE_EXIT:

move, w #0,Z80BusReq

movem. | (sp)t+,d1/d3/d4/d7/a0

rts
MOUSE_ERR:

move.b #%$60,(a0,d1.w)

nop

nop
mouse_erlp:

btst.b #4 (a0.d1.w)

beq.b mouse_erlp

or.l #$30000000,d2

moveq #0,d0

move, w #0,Z80BusReq

movem.] (sp)+.d1/d3/d4/d7/a0

rts

(M 1711/94) 8




3. Waming regarding the Sega infrared 6 button cordless pad

The following software issues were discovered prior to the release of the Mega
Drive infrared 6 button cordless pad. Detailed technical specifications regarding the

infrared pad will follow at a |ater date.

» Change in the method to switch between the Fighting Pad 6B and the 3B Pad.
The mode switch is made by the operation described below. Do not implement the

foliowing button combinations in game controls.

1. After installing the infrared 6 button pad receiver on the Mega Drive, turn on

power to the Mega Drive.

2. When the receiver has power, push the MODE, X and C buttons on the cordless
6 button pad simultaneously.

3. The controller is now in 3 button mode.

4. Warning regarding Fighting Pad 6B (hereafter FP6B) data

The shaded data in the table below is used for expansion uses. The data is not
currently used by the FP6B. The data there is invalid, therefore, please do not use

them.

TH(bit6) | TR(bit5) | TL{bitd) | R(bit3) Li{bit2) D{bit1) U(bit0) Comments
1 Hi TRG-C TRG-B RIGHT | LEFT DOWN W=
2 Low START TRG-A 0 0 DOWN UP
% Hi TRG-C TRG-B RIGHT LEFT DOWN (0]
4 Low START TRG-A 0 0 DOWN upP
5 Hi TRG-C TRG-B RIGHT LEFT DOWN uUpP
6 Low START TRG-A 0 0 0 0 Recognition
T Hi TRG-C TRG-B MODE TRG-X TRG-Y TRG-Z Expansion
8 Low START TRG-A el bt hoionh S S B Rk Al
g9 Hi TRG-C TRG-B m——— a—— - ——

Fighting Pad 6B Data Table

OYN 1011784 : g



5. Cartridge Information (Corrections and Additions to Genesis Technical
Bulletin #26, Sec. 3.)

The data "-yy" entered in cartridge information ID 18Eh~18Dh is the version
number of the game. In some games however, the data suffix "-zz" as shown in

numbers 2) and 5) below denotes the sales territory for the cartridge. Please make
sure not to confuse the two,

Explanation

There are currently 5 product number types.

1) T-xxxxx . third party brand <Japan>

2) T-XXXXX=ZZ . third party brand <international>
3) G=-T11T .,  Sega brand <Japan=

4) MX-0000 , Sega brand <US>

5) MK-0000-z=z . Sega brand <international other than US>
For European third party products, the product number is "T-xxxxx-50" (zz=50).

Only "T-xxxxx" is necessary when the information is entered in the cartridge (=50 is
unnecessary).

Example

If the product number is "T-12345-50" (European version), the cartridge information is
as follows:

Incorrect

180h:"GM T-12345 -50xx" *Disk kind, good number, ver no.
checksum

Correct

180h:"GM T-12345 ~00xx" *Disk kind, good number, ver no.
checksum

Note: The information contained here is not included in any previously released
documentation.

(YN 1711794} 10




STEGA OF AMERICA . INC,
Consumer Products Thivision

GENESIS TECHNICAL BULLETIN #28

To: SEGA & Third Party Developers
From: Technical Support Group

Date: January 31, 1994

Re: Genesis Technical Information

il

1. In accordance with an increased number of Mega Drive peripheral devices, /O
port usage data is added at 190H of the cartridge ID.
For more information on QO port usage data, please see Page 1 of the
“GENESIS SOFTWARE DEVELOPMENT MANUAL COMPLEMENT.”

tems added

« Sega mouse "M
+ Fighting pad 6B G
» Multi-tap "4"

Setting Conditions

« Fighting Pad 6B

Only when the XYZ buttons are effective. For the rest, enter "J" in the usual
manner.

» Multi-tap
When multi-tap multi-switch is on.

(When data can be read with muiti-switch turned on even if it is not geared
for the multi-play.)

130 shoreline Drive. Redwoodd City, CA 94065 » (415) SO8-2800 « FAX (413 802-1448



. Mulii-Tap Supplement

« Multi-tap switching setup has the following functions:

A~D . Terminal selectors (any one terminal can be selected)
MULTI.  Used with games designed for more than 3 players

2. For the country information to be added at 1FOH of the Mega Drive cartridge 1D,
please input such data in accordance with A10001H of the /O port.

BITY 0: Domestic } Input as "J.”
BIT6 0: NTSC } Japan/Korea/Taiwan sales hardware

BIT7 1: Overseas) Input as "U.”
BITE& 0: NISC 3} USICanada sales hardware

BIT7 1: Overseas} Input as "E."
BITG. 1: PAL } Europe/Hong Kong sales hardware

. Note: For the above I/O port, see Page 72 of the "GENESIS SOFTWARE
MANUAL."

Tranelated by Jay Tabrizitlanuary 31, 1984 -2-



Tl N —

SEM SEGA OF AMERICA, 1IN, 275 Skasclifie Dive. Redwaod iy, A 94005 = {415 SO0 X800

GENESIS TECHNICAL BULLETIN #29

T SEGA & Third Party Developers
From: Technical Support Group
Date: March 10, 1994

Re: Genesis Technical Information

The information on the bottom of page 2 of the Genesis Sound Software
. Manual is incorrect. It should be changed to:

CONFIRMATION OF BUS STATUS:

This infomation is in $A11100, bit 8. {not bit O as stated in the manual)

0 = ZB0 1s inactive, 68k can access
1 =280 is active

(Please note that this is reversed from what is in the manual.)



SEGA OF AMERICA. INC.
Consumer Prosducts Tevision

GENESIS TECHNICAL BULLETIN #29A

To: SEGA & Third Party Developers
From: Technical Support Group
Date:  April 11, 1994

Re: Genesis Technical information

I
I
I

This is a clarification on Genesis Technical Bulletin #29,

The information on the bottom of page 2 of the Genesis Sound Software Manual is
incorrect. It should be changed to:

CONFIRMATION OF BUS STATUS:

This infomation is in $A11100, bit 8 when accessed by WORD and bit 0 by BYTE.

0 = Z80 is inactive, 68k can access
1 =280 is active

(Please note that this is reversed from what is in the manual.)

278 Khodeline Deve, Sunte 2000, Bedwaood L'i-l:}', CA DT = (13 - 2850M)
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GENESIS TECHNICAL BULLETIN #31

To: Sega and Third Party Developers
From: Developer Technical Support
Date: November 22, 1994

Re: Genesis |ID table update

1. Changes to cartridge data (ID) specifications
Please note that the specifications below also apply to the Genesis 32X.

The following changes have been made to the code entered in 1FOh.

»  Oid: Country code data
« New: 1 byte ASCIlI hardware enable code in 1FOh.
1F1h to 1FFh are filled with the "space” character code (20h).
« Explanation
The hardware enable code is used when the application reads the hardware data information in
$A10001 in order to perform temitory lockout. The code is used by SEGA to check hardware and
software compatibility.

$A10001 Main Sales Hardware Enable Code {numbers from 0 to F below)
Bit7 |Bit6 | Hardware Type Territories 0]11]12]|3|4|5|6|7|({8{89|A(BICID|E|F
0 0 |Japan, NTSC Japan, S. Korea, Taiwan | X |O|X]Oo[x|o|x]Oo|X|o|x|[Oo|x%x]o|x|0O
0 1 | Japan, PAL XIX|OJOX|X|0JOIX{X[O0|O|X|X|0O]|0O
1 0 | Overseas, NTSC | N. America, Brazil {xixix|lo|lololo|x|Xx|x|Xx|ololo|oO
1 1 Cwerseas, PAL | Europe, Hong Kong XXX X|X|X|X|X|o|0|o|0o|0j0lO]|O

T Example 2 Example 1 T

o: Enable x. Disable

Ex. 1) The hardware enable code "F" is entered in applications that do not limit hardware compatibility
(i.e., a universal compatibility ROM). As can be seen in the table above, the hardware enable
code "F" is compatible with all hardware types.

Ex. 2) For applications that are compatible only with the US version of the Genesis, the hardware
enable code "4" is used. The application is compatible only with hardware that shows Bit 7 = 1
and Bit 6 = 0 at $3A10001.

Address | 1FD 1 2 3 4 B & 7 B 9 A a c D E F
Hardware 4
Enable Code

ASCliCode| 34 | 20 | 20 | 20 | 20 [ 20 | 20 | 20 [ 20 | 20 | 20 [ 20 | 20 | 20 | 20 | 20

NOTE: Software containing errors in the code above will not be acceptable for final master
ROM release purposes,
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GENESIS TECHNICAL BULLETIN #32

To: Sega and Third Party Developers

From: Developer Technical Support and Catapult Entertainment
Date: 30-Jan-95

Re: Getting Games Ready For XBAND™

NOTE: This document is provided to Sega Certified Developers under the
confidential terms of your Sega Developer Agreement.

1. Introduction

This document provides an introduction to the XBAND Video Game Modem and
Network, and a preliminary overview of game design guidelines that will make
it easier for your game to be adapted for network play. If you are developing a
new multi-player game that you would like to be compatible with the XBAND
Network, or if you would like the XBAND Network to be compatible with an
existing multi-player game, this is the first document that you should read.

NOTE: Many of the technologies described in this document are proprietary to
Catapult Entertainment, Inc. and are either patented or patent-pending.

2. How to reach XBAND

Catapult Entertainment, Inc.
¢/o Developer Programs
20823 Stevens Creek Blvd.
Cupertino, CA 95014

Voice: 408.366.1735
Fax: 408.366.1729
Internet: developers@catapent.com

3. What is XBAND?

XBAND is made up of two major components: The XBAND Video Game Modem
and the XBAND Network. The XBAND Video Game Modem is a device that
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plugs in-between a Sega Genesis cartridge slot and a video game cartridge. The
XBAND Network is an on-line system built into the XBAND Video Game
Modem that automatically matches players to play video games with each other,
keeps track of game statistics, provides e-mail and electronic newspapers, and
much more.

As a video game developer you will be mostly concerned with the operation and
programming of the XBAND Video Game Modem during the execution of your
video game. The information you will need regarding this starts in Section 4.

3.1. The XBAND Video Game Modem

The XBAND Video Game Modem is more than just a modem. Physically, it plugs
into a Sega Genesis cartridge slot and accepts a video game cartridge on a
connector on the top. The phone line plugs into an R]-11 jack on the side. There
is also a slot to accept an ISO 7816-compliant Smart Card, whose use will be
explained later, and a “pass-through” switch which allows you to play the
attached cartridge in single-player mode.

The XBAND Video Game Modem has 512KBytes (4 MBits) of ROM that holds
the XBAND OS (XOS) code, XOS graphics and sound data, and the XOS
GameTalk routines (which can be directly called by game cartridges). The
XBAND Video Game Modem also contains 64KBytes (512KBits) of battery-
backed SRAM that holds the player’s personal information (X-Mail, Player List,
Player ID), XOS system patches, cartridge-specific game patches, game results
from the last game played, and the XBAND on-line newspapers (BANDWIDTH
and XBAND News).

The XBAND Video Game Modem contains a proprietary custom chip, which
provides all of the logic functions for the operation of the XBAND Video Game
Modem and also the means for controlling the execution of plugged-in
cartridges.

Finally, the XBAND Video Game Modem contains a special modem chip that
provides low-latency, noise-tolerant communications as well as special detection
mechanisms for Call Waiting and other noise events. This allows the modem to
run at only 2400 bits per second, transmitting a maximum of 4 bytes per frame.

3.2. The XBAND Network

The XBAND Network is different than traditional on-line systems. If a player of
a traditional on-line service wishes to play a game with another person, the
player must be connected to the service’s Server for the duration of the game.
With XBAND, players are only connected to the XBAND Server for a small
percentage of their connect time, resulting in a lower cost and lower latency
connection (typically less than 50 msec end-to-end).



When an XBAND player wishes to play against another person, the player’s
XBAND Video Game Modem connects to the XBAND Server. During the brief
connection to the XBAND Server (typically between 10 seconds and a minute),
the XBAND Video Game Modem uploads the player’s phone number, any
outgoing mail the player might have, and the game results from the last game
played. Simultaneously, the XBAND Video Game Modem downloads the phone
number of an opponent (or a number of minutes to wait for a call), any incoming
mail, the two XBAND on-line newspapers, any new game patch that is needed
(to be explained below), and any new system updates for the XO5.

Once the transaction is complete, the XBAND Video Game Modem hangs up the
phone, and if it downloaded an opponent’s phone number, it immediately dials
the opponent. If it received instructions to wait for an opponent, it notifies the
player of how long it expects to wait, and then waits for the telephone to ring.

Either by dialing out or by receiving an incoming call, the XBAND Video Game
Modem connects with another XBAND Video Game Modem. There is a
handshake where they exchange player information, then the video game
cartridge is started up, the two games synchronize to each other, and the video
game is played. Once the game is completed, the XBAND Video Game Modems
disconnect, storing the results of the game in battery-backed up RAM, to be
stored until one of the XBAND Video Game Modems connects to the XBAND
Server again and uploads the data.

Since the phone lines used for XBAND are often used for voice calls or fax
machines as well, it's important to gracefully deal with Call Waiting and line
noise events. Such disruptions typically cause modems to lose carrier and hang
up. The XBAND Video Game Modem, however, will pause the video game
once disrupted, and then make every effort to wait out the noise event, restore
carrier, and resume the game. Even if the modem has no choice but to hang up,
it will redial the opponent and attempt to restore carrier and resume the game.
This level of tenaciousness is essential when dealing with shared voice lines. We
have found that about one in every three games experiences a line noise event
that would have resulted in a lost connection with a conventional modem.

4. Getting Network Games to Run In Sync

The essential problem of real-time point-to-point modem game play is
maintaining synchronization between the two video game machines. Although
the video game hardware and cartridge software are identical on both ends of
the phone line, slight variances between the systems as well as the limited timing
resolution of the modem data stream creates a situation where it is quite easy for
the two machines to drift out of synchronization. Once the two video games are
out of sync even slightly, they will drift even further apart as game play
continues, and in the end the game will likely have a different outcome.



There is no single technique that will magically maintain synchronization for all
games. Catapult has found that there are about as many techniques for
maintaining synchronization as there are techniques for designing main game
loops. And, we have also come very quickly to the realization that it would be
ludicrous to try to impose a single mechanism upon all video games developers.
You need to look at the particular architecture of your game, see which issues
apply in your case and which issues don’t, and make use of the tools and
techniques that Catapult has developed. And if that doesn't do the trick, we're
here to help you. Many times we've been told that because of this and that a
game will never run synchronized over a modem. We have yet to find one that
we could not get to wark with XBAND.

4.1. Why Synchronization Errors Occur

One would think that two identical video game machines running the same
software and fed the same controller inputs would have identical execution.
Unfortunately, this is not at all the case. There are several reasons why two
identical video game machines running identical software will have varying
execution behavior. This list is by no means complete, but it covers the major
issues that we have encountered.

To begin with, any two free-running systems will run at different speeds. That is
to say, the crystal oscillator that governs the clock speed of the video game
processor and the timing of the video scanning is only accurate to a certain
precision. In practical terms, we have found that the worst case speed differential
between two video game systems will cause one machine to get a full frame
ahead of the other in about two minutes. So, if your game uses Vertical Blanking
Interrupt (VBI} as a timing reference, you will find that given two free-running
video game systems, you can only hope to keep both systems on the same frame
for about two minutes.

[Fortunately, since VBI synchronization is essential for many games, Catapult has
developed a technology (called Sync-O-Tron™) which keeps VBIs locked
together for the duration of the game, despite the drift between the two crystal
oscillators. This technology usually helps solve game synchronization problems,
but it is not always a complete solution. It is discussed later in Section 5.6.)

Another common source of synchronization problems occurs in the critical
relationship between VBI and the main game loop. One would think that given
identical hardware, identical software, and identical state (e.g. the same
controller input), the VBI interrupt for a given frame will occur after the exact
same instruction in the main game loop in both machines. If it were the case that
there were no other asynchronous events occurring in the video game machine,
this indeed would be true. Unfortunately, events such as DRAM refresh and
sound DMA are unpredictable and asynchronous to the CPU execution causing
the two CPUs to have the same average execution speed, although not the same
cycle-by-cycle execution profile. So, while it is the case that VBI will occur at
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approximately the same instruction in each main game loop, on a given VBI it
might be one or two instructions off. If there is a game state decision that occurs
in one of these instructions that is affected by a variable changed during VBI, the
game execution will be different on both machines.

This same slight variation in CPU timing can also affect the number of VBI
frames per game loop. For example, if the main game loop takes almost exactly
three frames to execute, it might finish executing just before VBI on one machine
and just after VBI on the other machine. If the number of frames per game loop
affects game logic (as it often does), one game will count three frames and the
other will count four, causing the two games will exhibit different behavior.

The slight variation in CPU timing can also affect reads from hardware registers
that affect game behavior. For example, some games read the current HV counter
at various points in the game loop for use as a random number. Clearly, given
the execution variances just mentioned, the number fetched could have widely
differing values on the two machines.

DMA timing can also introduce variations in execution for many of the same
reasons. On the Sega Genesis, when graphics DMA occurs, it shuts down the
CPU completely. Normally, DMA is only used during vertical blanking, allowing
the CPU to run during active video, but sometimes when games are doing major
screen updates (e.g. between segments of the game), they activate DMA
continuously until the update is complete. If the DMA continues for more than a
frame time, an entire VBI may be missed. And if the DMA completes at
approximately the same moment as VBI, it may complete before VBI on one
machine, but after VBI on the other machine. This can create a situation where
the two machines will count a different number of VBIs resulting in differing
game execution.

The game cartridge itself can introduce variances. Many games today have
battery-backed cartridge RAM that they use for storing results from previous
games. If these results affect game play (as is often the case with sports games),
there will be varying execution between the two cartridges. It isn’t a reasonable
solution to just erase the RAM or update both with the same values. Very often
the information stored in the RAM is of great importance to the game player (e.g.
hard-earned stats, etc.). So, the game must have a mode of execution where the
RAM status is disregarded.

In some situations there is more than one release of the same game cartridge. For
example, NBA® JAM™ for Sega Genesis had two releases, and there were
significant differences in the code (e.g. one of the basketball players was changed,
and some of the timings were changed) between the two releases. A separate
Game Patch had to be developed for each version to reconcile the execution
differences so that a Rev. 1 could play against a Rev. 2 and stay in sync.

Finally, there is occasionally code that samples player reaction time so precisely
that the exact same timing cannot be reproduced on both machines. For example,
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a game might enter a spin loop to count the length of time before a player presses
start for the purpose of getting a random number seed. The timing resolution of a
CPU spin loop is far more precise than the time resolution of a modem, so the
two game machines will certainly measure the player reaction time differently,
resulting in a different random number seed.

4.2. How XBAND Synchronizes Existing Game Cartridges

Multi-player Sega Genesis video games played across XBAND must be carefully
designed to 1) accept controller input from the remote Sega Genesis system, 2)
maintain synchronized execution between the Sega Genesis systems, and 3) have
appropriate options for networked play. Clearly, games which are designed from
the start with the knowledge of the XBAND Network and Video Game Modem
can design in these capabilities. However, cartridges which are already out on
the market require these capabilities to be added in the field. The XBAND
Network and Video Game Modem work together to make these in-field
extensions possible.

The process goes as follows: When someone hits the “Challenge” button to
register for a match, the XOS running on the XBAND Video Game Modem dials
into the XBAND Server and uploads the checksum of the cartridge that the
player wants to play. The XBAND Server checks to see whether the cartridge is a
supported XBAND game, and if it is, it downloads to the XBAND Video Game
Modem a “Game Patch” which contains the code necessary to augment the video
game cartridge to make it function properly over the modem. When the XBAND
Videco Game Modem connects to an opponent and the handshake is complete,
control is passed to the video game cartridge. The video game cartridge executes
as it would normally, except for the changes to the cartridge provided by the
Game Patch. These changes route the controller reads through the modem to the
remote Sega Genesis machine, resolve synchronization issues between the two
systems, and record results of the game execution for later reporting to the
XBAND Server. When game completes, the XBAND Video Game Modem hangs
up the phone, and control returns to the XOS.

The custom chip in the XBAND Video Game Modem provides a very flexible set
of capabilities for augmenting the execution of a game cartridge. The chip
permits you to make any change to a cartridge ROM that is needed to make it
work on XBAND.

There are a number of ways that a Game Patch is developed for an existing
cartridge. Ideally, it is developed by the programmer who wrote the original
game cartridge, but often this person is not available. In fact, sometimes the
original source code for the game is not even available or is commented in a
foreign language, rendering it unreadable. Catapult has found that given the
relatively small changes required to augment a game for use on XBAND, it is
quite feasible to get the game to work from the object code using reverse-
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engineering techniques, and several of the Game Patches on XBAND were
developed using these methods.

The following sections cover the basics of game synchronization, and give
several examples. If you are designing a new game, we hope that this will cover
enough of the “gotchas” to keep it “sync clean”. If you are developing a Game
Patch for a game that is already in the field, this should give you a starting point
in understanding key places where the game must be patched.

4.3, Synchronization Approaches

There are two main communication approaches that are used between video
games to maintain synchronization: Game State Communication and Controller
Communication.

With the Game State approach, game state information (such as player position,
number of enemies, number of lives, etc.) is transmitted between the game
machines. This approach is commonly used in point-of-view games. The
advantage of this approach is that the games truly free run on each machine and
data is only sent when there is relevant data to send. For example, if the two
players are in different rooms, only information that might affect the other player
is transmitted. The disadvantage of this approach is that a great deal of
information must sometimes be transmitted in real-time (e.g. if both players are
shooting at each other). If you are using this approach for your game, then most
of the discussion that follows does not apply to you since you are just trying to
achieve identical game state (not identical execution) on both machines.
Synchronization issues for Game State approach games are quite game-specific
and are not addressed in this document. Please contact Catapult for more
information.

With the Controller Communication approach, player game controller input is
transmitted between the game machines. This approach is commonly used by
games where all players are visible on the screen at the same time such as sports
and fighting games. The advantage of this approach is that there is a relatively
small, fixed amount of data that must be transmitted, allowing the data to be
transmitted every frame time, thereby allowing real-time response. The
disadvantage of this approach is that it requires identical real-time game logic
execution on both game machines. The following discussions review the issues
surrounding the synchronization of Controller Communication approach games.



5. Game Design Guidelines

This section provides a number of guidelines for game design that either avoid
synchronization problems or suggest architectures in which the synchronization
problems can be controlled.

5.1. Random Number Generators

DO:

« Implement a single random number generator routine in your code that starts
from a settable seed and follows a reproducible sequence (mathematical
algorithms work best). The random number generator should only be called by a
single thread of execution (i.e. either the main game loop or the VBI routine, but
not both). One of the game machines can determine the initial seed by any means
you wish, and then it will transmit to the other game machine.

DON'T:

« Don't scatter random number functions throughout your code. Call to a central
routine!

e Don’t implement an irreproducible random number sequence. For example,
reading the HV Counter or using whatever register D0’s value happens to be
upon entry to the VBI routine are both no-no’s.

 Don’t call the random number generator from more than one thread of
execution (e.g. from both the main game loop and the VBI routine). VBI will
occur at an unpredictable point in the main game loop. If the random number
generator is being called (or the seed is being updated) in both threads of
execution, the sequence in which it is being called will be unpredictable.

5.2. Battery-Backed Cartridge RAM Usage
DO:

* Provide a mode whereby the current contents of the battery-backed cartridge
RAM on your cart are not utilized by the game logic. Careful! Make sure that in
this mode none of the game logic considers the value of the RAM.

DON'T:

* Don’t leave stray references to the battery-backed RAM in your code for modes
that supposedly don’t consider the RAM (e.g. Exhibition mode in sports games).
Such stray references result in subtle synchronization bugs that only come up
when one player has a particular value in the RAM and the other player does
not. They are a hassle to track down.




5.3. Sega Genesis DMA Usage
DO:

* Utilize DMA as you normally would in a game, but make sure the DMA is
complete and you have returned to the main game loop when the next VBI
OCCurs.

DON"T:

* Don't have giant DMA operations that extend through one or more VBIs. This
may result in a different number of VBIs occurring in each game machine.

* If you decide how many DMA operations you do during a VBI by checking
whether vertical blanking is over or not, don’t use the number of completed
DMA operations in your game logic. For example, you are in the VBI routine,
you are doing a number of DMA operations, and before each DMA operation
you check to see whether you've run out of vertical blanking time. Because of
variances in execution speed, one game machine may report that vertical
blanking is over, and the other one may report the opposite. If the main game
loop makes game logic decisions based on the number of completed DMA
operations, the games will get out of sync.

5.4. Controller Reads and the Main Game Loop
DO:

* [deally, read the controllers only once per game loop, before the start of the
game loop. It doesn’t matter whether you read the controllers during the VBI
routine or in the main game loop (although Sega encourages you to read the six-
button controllers and the multi-play adapter during VBI).

* Often, a game loop is so long (e.g. 3 frame times or more) that the controllers
must be read more frequently than once per game loop to provide adequate
responsiveness. There are two approaches to handling this situation:

(a) sample the controllers each VBI, but create a data structure that reflects
the controller behavior through the duration of the game loop (e.g. Up on
2nd frame, A and Right on 3rd frame), then feed this data structure, all at
once, into the next game loop. This data structure, rather than raw controller
data, will be transmitted to the other game machine, once per game loop.
This is the preferred method.

(b) sample the controllers each VBI, but only feed in the updated controller
information at predictable points in the main game loop. For example, if
you have 16 objects on the screen that are updated in sequence in the main
game loop, and it typically takes 8 frame times to update them all, feed in
each VBIs new controller value after every two objects are updated. Take
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care to design your code such that the game loop is not usually held up
waiting for VBI. There are a number of other subtleties that must be
considered since we can’t be certain that both game machines will have the
same number of VBIs per game loop. Overall, this is a doable, but tricky,
solution to the problem.

DON'T:

 Don't sample the controllers asynchronously to the main game loop and feed
in their values at unpredictable points. It is critical that both machines utilize the
same controller data for the same game logic. Since VBI will occur at
unpredictable points in the game loop, controller values that are sampled at VBI
and immediately fed into the game loop may result in differing game logic
between the two game machines.

5.5, Game Loop Duration and Game Logic

Game loops typically are longer than one VBl in duration. Unfortunately, it is
often very difficult to predict how many VBIs of duration a particular game loop
will take, and in fact, for the execution reasons mentioned above, it is quite
possible that the two game machines may take a different number of VBIs to
execute the same game loop code.

Also, there are situations when the game logic execution is the same on both
machines, but the display code execution is vastly different. Point-of-view games,
such as racing games, that are split screen when played on a single video game
machine, can be full-screen on each game machine when played on XBAND. The
game logic is the same, since the state of both players is updated on both
machines, but the display code for each player’s point-of-view could be vastly
different. Consequently, the execution time per game loop on each machine can
be different.

If you can predict the number of VBIs that will elapse in your game loop easily
(i.e. both machines can determine in advance the worst case number of frames
per a given game loop), that simplifies the synchronization problem significantly.
But if you can't (don't feel bad, most games can’t), and you need to consider the
number of elapsed VBIs in your game logic (e.g. for animation speed regulation),
Catapult has developed a synchronization technology that will maintain sync
between the two machines, provided you stay within the DOs and DON'Ts
guidelines.

DO

* Ideally, create a game loop with a predictable number of VBIs. For example, if
you have a list of routines you need to go through in your game loop, and you
have a worst case execution time for each routine, you might be able to
determine how many VBIs will pass in the game loop. If you happen to complete
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the game loop sooner than worst-case, you would wait it out until the predicted
number of VBIs has elapsed.

* If you don't have a predictable number of VBIs per game loop, and the number
of elapsed VBIs is used as part of the game logic (e.g. for animation speed
regulation), then make sure that you use a single variable that contains the
elapsed VBIs of the previous game loop. This variable will be controlled by a
synchronization mechanism available from Catapult to maintain synchronization
between the two game machines.

* Don't use the number of VBIs elapsed in the current game loop in your game
logic. If you need to use elapsed VBIs for speed regulation, use the elapsed VBI
count from the previous game loop, and make sure you use a single variable to
store the value.

5.6. Using Sync-O-Tron™

Sync-O-Tron is a technology developed by Catapult that maintains
synchronization between the VBIs of two video game systems. The technology is
available for your use by your game while it is running on the XBAND Network.
It provides two key advantages.

First, Sync-O-Tron often simplifies the development of synchronized game loops.
Without Sync-O-Tron two free-running game machines can drift apart by an
entire frame within 2 minutes. With Sync-O-Tron you are guaranteed that both
game machines will always be frame synchronous to each other.

Second, Sync-O-Tron reduces communications latency. Without Sync-O-Tron
there might be as much as a full frame of skew between the two game machines.
To allow for this worst-case scenario it is necessary to add an additional frame of
latency to the communications. With Sync-O-Tron there is always a fixed

relationship between the VBIs of the two systems and minimum latency can be
achieved.

Sync-O-Tron requires a very small routine that runs in VBI once per game loop.
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6. User Interface Considerations

When a multi-player game is played over a telephone line by people who don’t
know each other (and can't talk to each other), there are a number of user
interface issues that need to be considered. Although it is possible to get existing
multi-player games to run “as is” on XBAND, we have found certain user
interface changes are essential to avoid disputes between players and
dissatisfaction with game play. These issues are discussed below:

6.1. Fair Access to Critical Controls

« Have a means for either player to gain access to critical controls without the
other player interfering. Don’t create a situation where one player who is faster at
pushing buttons can prevent another player from accessing an important control
screer.

e Have a reasonable time-out for every screen so that players don't tie up the
game indefinitely. Don’t create a situation where both players are required to
push a button for the game to continue. One player may deliberately try to delay
the game just to be obnoxious. Also, sometimes players are out of the room when
the game starts up (which means they forfeit). It is fair that one player should be
able to play the game from beginning to end if the other player is not there.

6.2. Tournament Mode

* Provide a tournament mode which has locked game play options (e.g. fixed
game duration, secret power-up codes disabled, battery-backed cartridge RAM
disabled, etc.). Don't leave it up to the players to amicably agree on settings for
modem play. Decide on what is an appropriate tournament configuration, and
lock it down.

e Make sure any options that should be available during a tournament should be
settable by team. Don’t provide options that affect both teams in tournament
mode. The players will literally go back-and-forth, fighting over the option
screen. If options can't be settable by team, then lock it down to a fixed setting.

6.3. Non-gameplay Features during Gameplay

* Provide reasonable limits to non-gameplay features that may delay the game
(or annoy the other player). For example, if you provide an instant replay feature,
you might want to limit each player to one instant replay per quarter. Don't
expect the players to discipline themselves in the use non-gameplay features.
When they are losing, some players will do anything to annoy the winning
players.
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6.4. Call Waiting and Line Noise Dialog Boxes

* Provide a means to display text during gameplay to alert the player about Call
Waiting or Line Noise. The text will only be displayed when the game is frozen,
so if characters need to be moved off the screen during the display of text, they
can be moved back after the text has been removed from the screen. Don’t rely on
players to guess what is going on when the screen freezes during a Line Noise
event. Also, if you cannot display text during Call Waiting, then the game must
be terminated when the Call Waiting event occurs. When the player is done with
the phone call, the game must start again from the beginning.

6.5. 4-Player Controller Allocation

* Make sure that during tournament play the controllers are allocated as
controllers 1 and 2 against 3 and 4. Although it is interesting to split players in
different configurations, it is very confusing, and usually results in players not
knowing what is going on. Don't assume that the players can talk to each other to
decide on a controller configuration.

» Make sure that all 4 players have a chance to join in the beginning, but there
should be no additions after the game begins. We have found that players get
very upset when a person joins in later in the match. Don't let players join in at
any arbitrary time. Limit it to a single screen and make it very clear how many
players are playing.

¢ [deally, you should have a tournament mode for 1-on-1 and 2-on-(1 or 2}.
XBAND will eventually provide special matching for people who only want to
play 1-on-1.
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7. Special XBAND Features for New Games

The following features can significantly add to the game play value of your
games, utilizing the special capabilities of the XBAND systems. These are just a
few ideas. If you have special needs or a really cool idea, let us know, and we'll
see if we can code it into XBAND.

7.1.  Full-screen for Point-of-View 2-Player Games

If you are currently splitting the screen in your 2-player point-of-view game, you
might consider a full-screen mode when playing through XBAND.

7.2, Updated Stats Throughout the Season

If you are writing a sports game with real players, you can have the player roster
updated with the latest trades, injuries, etc. whenever the player logs into the
XBAND Server. Catapult is working on content relationships to pr::-wde you
with this data for your sports games.

7.3. New Levels, Mazes

The XBAND Server can download new levels and mazes for RPG or DOOM-like
games, within available RAM constraints.

7.4. Eight-player Games

XBAND can host 4-against-4 games for teams of players using multi-play
adapter in each game machine.

7.5. Multi-Way Gaming

In the future XBAND will be able to support multi-way gaming for 10s or even
100s of simultaneous players, competing against each other in the same game.

Contact Catapult for more details if you have a game that would take advantage
of this functionality.
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7.6. Handicapping

Your game patch can provide information for the XBAND Network to use to
handicap players. For example, you could start out a better player in a fighting
game with a pre-existing “damage” level, or assign a higher point level to blows
he/she receives.

7.7. Bug Fixes

Your Game Patch can include bug fixes to your game. Whether the bugs are
crashers or just imperfections that should be fixed, it is trivial to use the Game
Patching mechanism to fix the bugs when the cartridge is played on XBAND.
Indeed, most of the games running on the XBAND network today have been
patched with bug fixes.

7.8. Your ldea Here

If you've got a unique idea for information to store on the XBAND Server and
integrate with vour XBAND savvy game, we're interested in hearing it. Contact
Developer Relations at (408) 366-1735.

XBAND, BANDWIDTH and Sync-O-Tron are trademarks of Catapult Entertainment, Inc. All
other trademarks are of their respective owners.
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Addendum 1- Abstract from Page 2
Joysticks/Peripherals

It is possible to connect various peripherals to the 1/0 part other than
joysticks. Each peripheral has its own ID code and it is possible for the CPU
Lo check the code to identify what is connected. Be aware that thére are:.
some Master System peripherals which cannot be identified I:tg thls methﬁd ;

81 ID Code
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++++++++++
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ID3 = (PD6 = 1) AND (PD3 OR PD2)
I02 = (PD6 = 1} AND (PD1 OR PDO)
ID1 = (PD6 = 0) AND {PD3 uaml
IDO = (PD6 = 0} AND (PD1 r,tE P[:u;:ag,

-----

The relationship netween the ID cmje ﬁnrj Ehe peripheral hardware is shown

belovy. ::faj.g,_ ¥
Device Name i ‘... ID3 ID2 D1 DO
: ““F&zﬁ-““&:ﬁ:z:z:tizﬁ 24

Old style Jugﬁi?%:k (2 mg} 1 1 t | . ($F) e ppt -k
Undefinegd, % . &v 1 1 I 0 ($£) .
New styie jogstick (3 ing) o ($D) #pawtrsTrek
quE} EESEWE&.:;E; ;;;; | 1 0 iy ':H:} .
Uﬁfiéﬁﬁgﬂ 1 0 1 l ($B)

a Reseryed: 1 0 H (34)
L:Fr‘sﬁafrne@ ! 0 0 : ($9)
Undefined:. ! 0 0 0 ($8)
Undefirigd: , 0 1 1 i ($7)
Undefined: Q0 1 1 0 ($6)
Seqa Reserved: 0 1 0 I ($5)
Undefined: 0 1 0 0 S EY
Undefined: 0 0 1 ! ($3)
Hndefined: 0 0 1 0 ($2)
IIndefined: 0 W, 0 l (51)
Seqa Reserved: 0 0 0 0 ($0)
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Addendum 3- Abstract From Page 1

1} When the Z80 Cannot Do a 68000 Bus Access

There are times when the Z80 cannot read or write good data in the 68000's
adaresses If the the 68000’s bus cycle accesses $A100XX prior to the 780's
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If the program structure uses something like V_INT for sync, there should

be no problems as long as it is set up so that unfavorable bus access
patierns are not created.
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Addendum 3- Abstract from Page 2

2) When Using H_INT and V_INT with a Genesis Program

when the VDP register *0's IE1=1 and register #10=00H, H_INT end V_INT
are createa_} with the timing scheme described below. However, a problem
occurs during No. 224 H_INT's timing. Since the amount of time whichis
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1) Set register #0's IE1=0 before No.223 H_INT ends in order to prevent
No.224 frigmy occurring.

2) Set register #0's4E1=1 before V_INT is accepted in order to make H_INT

. valid {i.e. No. 224 also becomes valid.)
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Solution. B
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4 /
1) Set the 68000's SR=25%X before No.223 H_INT ends in order to prevent
No. 224 from being processed.!

2) Restore the 68000's SR prior to the end of V_INT processing (Enables
M0.224 processing).

3) Process No 224 H_INT

"Warning:  When manipulating SR, make sure nat to destroy the flag.
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Mo. 224

IPLI
IPL2 — Y_INT
ORARE) @ ®
LN % . LJL #|8:
: == A | =
;hinmram "E No. 244 H_INT| m | 2
ute o o] Lo
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1)} The MOVE command given af
process H_INT.

A

M

2) The 66000 treutefﬁgﬁ {IHT_AC% Emce the ¥DP {for processing No.
224) does not see.a YPA after H_INT occurs, H_INT is not processed.

V_INT pr%glng tored

& creates o YPA (INT_ACK) The VDP (equivalent to No. 225)
cesses the stored H_INT.
= I

v
6) Receiving H_INT {No.225) in part 4), processing occurs again.
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Addendum 3- Abstract from Page 4

4) The Interrupt Problem During Data Transfer

Pert 2) discussed the problems encountered when using H_INT and V_INT in
8 program. The same kinds of problems occur during a) an INT involying..

.......

H_INT data reception; and b) an INT involving Y_INT and data recaﬁi"i"n’r"ﬁfiiii iiii
(Refer back to part 2) for details.). a4
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The "INT during data reception” does not occur in sync in ie,utmrii L*s.n'.e.,IHTv;;?‘
and H_INT, therefore the solutions to the problem are dlff"”"“ e
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During data reception, the receive flag is set at thé same timie of the INT.
The receive flag is cleared when the data.is read by thﬁf%ﬁ‘ during data
reception” which does not overlap with H_{NT;:hen H_INT occurs again, it

e e e e S ey

overlaps and passes as the second "INT durﬁm data ﬁﬁﬁ’éptmn After this
occurs, the receive flag is left nj; clear statys® &

?'i

Solve the problem by dlacnmmﬁi;@ @&Eﬁmﬁen the “INT during data reception”
and the H_INT which passes as the “INT l]LIEIﬂQ data reception.” This can be
determined by t:hec:kmg ﬁn the statud: E.i Ahe receive flag.

Solution in theﬁf guﬁaxm,
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1 fs yﬂﬁﬁﬁ%ﬁ:ﬁ%iﬂ mfferentlate H_INT and V_INT timing by using H_BLK,
i and the HV_ counter.
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It is possible distinguish between the “INT during data reception” and the “H
and ¥ thal pass as the INT during data reception™ by analyzing the receive

Tlan.

Try to think of other solutions by using IEQ, 1E1, and 1E2 settings within the
YDP reqister.
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Addendum 4
. Regarding the DMA

When using DMA's other than F/L VR4 and VRSN COFF use the following
method to program

1) Send a bus request to the Z80.
2) Base tne DMA destmati on address set section in RAH

1) and 2) are used in all cases except FILL VRAM and.¥RA!
3) is used for WRAM to YRAM, WRAM to COLOR RAM, 4 WR

o

Il. Compatibility with the MKIll Mode -

VDP registers *11 through *23 cannot be writ Aless bit 2 of
register *1 is not set to "1.” 5 '

g
£t

Reasons:

e Registers *11 thrﬂu 23 are muskad fgr MKl mode's error trapping
purposes. h
s MKIII uses register

& The GEHEEIE --*"*f_--_

-a-:-'\-
B

“55! through =10
he reglster *1's bit2=1.

S make sure to initialize during power up (In most cases
data is cleared with $FF at the factory, however, don't

‘hotigh this does not occur frequentlg there may be occasions when the
data becomes garbled. Because of this possibility, make sure to check
the back up data and perform reproduction/retrieval processing.
Moreover, do not place critical data at leading and ending RAM addresses
since one word in both addresses have a high probability of becoming
garbled.
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B8EGA BOFTWARE DEVELOPMENT
AND GAME BTANDARDS

vvvvvv =
E R i R Y

The following Sega of America Game Standards Policy should serve
as a guideline for the development of Sega licensed cartridges by
defining the types of content and themes inconsistent with Sega's
corporate, marketing, and product development philosophy. SOA
will not approve cartridges (i.e., audio visualﬁ%rk,'ﬁ%i?ﬁ"ggagiﬁg
and instructions manuals) ity - T Gy

. with sexually suggestive or expli¢it contentj.:
i T iese '}EEEF

. which reflect ethnic, racial, religious, B -
nationalistic or sexual stereotypeés.or '
language;

L e

i which depict excessive graphig violerice;

. which use profanity:in any ‘fotm of which
incorporate language that csuld be offensive
by prevailing public .standards and tastes;

Sl
. which encourage or glamorize the use of
drugs, alcohol, or tobaccs;
i f% 7
. which QEEQHE@ overt political statement;
A which contain'depictions of symbols or groups

b

which are anianathema to racial, religious or
ethnic groups. .
i o

L o
st g
LA
cedn g "y

SRR S L,

. which'is a potential infringement of a legally
N Prmgﬂ%Eﬁﬂpﬁlght, or trademark

i
FeE

st
SEanrgRS
S EEE R o e

aaaaaaaa

It is not possible for a single document to cover every possible.

mmmmmm

eventuality: in .an area as broad and subjective as thematic
content. For this reason, these standards of guidance should be
cne of:common sense, practicality and prevailing public taste.

-----

STANDARD.POL
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GENESIS8 80 DEVELOPM TANDARDS

Revised 01/03/91

I. INITIAL DIBPLAY

A. The trademark, "SEGA TM", shall be displayed in the
center of screen. Logo code will provided by SEGA.

B. Check the control pad(s) while SEGA logo is displayed.
If no control pad is connected, or only the 2P control
pad is connected, make the loop as follows:

fffffffff
mmmmmmmmmmmmmm

Lo
mmmmmmmmmm

SEGA logo - Title - Demo - SEGA logo &  THEm

(While no button is pressed.) y ﬁﬁn D
If the START button on either uuntruafif":ﬁ%s pressed,
 the game title should be displayed, If‘ﬁ%nxPlayer it

controller is connected, a huttmm {t:bs will exit from
the Logo to the title. Another/press should exit the
title. S5 MEWJ j‘ﬁm%ﬁ&g@ &

!-'-ﬁ- e -":"-'3"-'#

II. TITLE DISPLAY

Heh

A. Display the title sequenn%rﬂé”

BUTTON". If any button on eit ux'muntraller is pressed
at this point, the ﬁﬁg:tfﬂpt;ﬁn Select screen shall
appear. &

331
pxoed

W

Exlt via any butten, but

-;;'::-::- %ﬁﬂfﬁn
E.éﬁﬂalcenseigsn ware
1) Iy 87 TEKKON

ﬁﬁ%r : 7 PROGRAMMED GAME © 1990 SEGA
i ?ar éﬁﬂﬁequlred by contract.)
G After.t %%tltla sequence the screen automatically
J;ﬂmﬂﬁiprn ﬂgﬁﬁb the demonstration mode within 5-10 "seconds.

l\h'\.l\?:\' @-:-.HH-

demnnstratlnn.

B. Turn on the sound. (If not already on)

C. If the START button is pressed during the demo, the
Logo screen shall appear again.

STANDARD . POL : 2
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D. If the START button is
SEGA logo shall appear

POWER ON

SEGA

CHAMPION
FINGER
WRESTLING

PUSH START BUTTON

©1990 SEGA

5
el e Dl S e e B D,
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not pressed during the demo, the
after a certain time.

SEGA logo screen

When the START Button is

pushed or after: "%géf:; "
interval of about N
seconds. : R
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R
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IfﬁETART button pressed,
.go on to game screens.
Otherwise in
approximately 5-10
seconds

10-20 seconds
Return to SEGA logo
screen. If START button

is pushed, go to Logo
screen.

ﬁtart;nptiun screen is required with the exception
ansferred games and games which might lose their

B“F Control pad maneuvers and screen display

Selection shall be made by moving D-Button upward or
downward or left & right and pressing the START button.
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One Plaver

1 PLAYER BTART
OPTIONS

If the player selects 1 PLAYER START, he can play alone.

Two plaver simultaneous play

1 PLAYER BTART

[T,
. vh#ﬁ'\?‘x#s T
PE e .
e e e e e e D e o e e e
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™ L] == = o T e, ot iy St e o, ™ el e S 5 i S, S g i e i g (e e e el i STt o o L o e e o
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R
1P control pad onl o i E
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Fit s PR
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Although the screen indicates 2 PLAYER STAS Quthﬁﬁﬁﬁﬁﬁﬁg

shall be controlled so that the player cannct select it.
In order to make it clear (whether thé pi yer gan select or
not), different colors should be used L e, g
Al SR E &
When the player selects 1 PLAYER 8 e Gan play alone.
L
1P and 2P control pads 5£?¥

T,
a. When the 1P control pad's ‘% button is pressed:
1 PLAYER START .
2 PLAYER SBTART %%
OPTIONS

i,

.

o,

¥

S i ;

: :

The play&rfﬁhn select: ﬁ%hree; however, the player
By

can only p with 1P @bntrol pad.

2 ClH@ player can play alone with 1P
ﬁ}f"‘ side.

o

2 players can play simultaneously
(1P control pad controls the player
1 and 2P control pad controls the
player 2).

STANDARD . POL : 4
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3 When the 2P control pad's START button 1s pressed:

1 PLAYER START
2 PLAYER SBTART
OPTIONS

The player cannot select 1 PLAYER BTART and he can only
control the 2P control pad.

2 PLAYER BTART -

4. Two

a.
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2 players can play simultanecusly
{1P control pad controls the player
1 and 2P control pad controls the
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1 PLAYER BTART :
2 PLAYER BTART it
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OPTIONS 5
3
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the __
side.t:

plaﬁrﬁ%ﬁplay alternate with

1 PLAYER START -

2 PLAYER BTART -

gﬁ side‘control pad.
o oo *eg; 2
Option Screen E .
&

LEVEL ¢ ERSY .
PLAYER _f%% 5 e

Wthﬁéﬁiayer selects OPTIONE8 on the Etartfuptlun
: 4 option screen shall appear.
iRt

e player can select items by prassing D-Button upward
ownward and change by pressing D-Button sideways.
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How to return to the title or option screen:
Select EXIT and press A, B, or C button or press the
START button (the placEment of cursor should not

matter).

The following options shall be implemented when

applicable:

LEVEL - Difficulty setting

PLAYER - Number of plavers

SOUND TEST = Sound test

CONTROL - - Control setting e

RAPID - Continuous shooting setting g
V. PASSWORD/NAME ENTRY SCREEN T HNE
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Passwords should be 12 :haracte s or less. It is a
good idea to subgroup them and usé different
colors for each. Do notiuse punct imh marks or BOTH

upper and lower case letters.:.
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e, o ol el el e, e A
e e el Ll e, g e
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1. To enter password or mamﬂ, select letters by D-
Buttonsand entexr by button C.

2. When *ﬁnlshed ,pﬁ%wthe cursor on END.

3, To deléte letters, hold button C and move the

ﬁﬁ%ﬁ; r the D-Button or use RTN(return) and

BEb{procesd ”“m”?“°} Function.

4. mﬂﬁven if thﬁﬁﬁaEEWﬂrd is wrong, the letters entered

#" shall not Be erased.

HEL_ “Movementi6f the cursor shall be a loop (up-down-
Tett-gignt).

o

-\.-.-\.-\.-

-ﬂ-
ek -:-\:- o

“51»&3

Wne tha reset button is pressed, during DEMO, the

~ screen shall return to SEGA logo (the high scores, the
. +option settings, and the password should not be
i““cleared].

B. During the play, the start button shall work as the
© pause button. During the 2 player simultaneous play,
both control pads shall be able to pause and cancel.

STANDARD . POL S
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C. During pause, the Eﬂund1shall be silenced. The
background music only shall continue immediately when
the pause is released.

D. The pause function shall not wnrﬁ when the SEGA logo or
the title logo are displayed or during the -
demonstration.

E. PAUBE shall be indicated on the screen during the
pause,

NOTE: Adventure and role-playing games ma o 3
SL requlre
the pause mode. Yﬁﬂﬂtgﬁgﬂh

e e
o

i -
Eary e e
PR -y
s e T i s
E o
et e
b ot
VII BASIC MANE . 5
an s e
* I UVERS DURING THE GAME PLAY 3 i
e oS s S -
e e,
SR PSP )
el e el e e o e e T o -
S e L ot
e KRR R S

A. General Maneuvers (may vary based on specific

requirements of individual games) ... i
SHEET i3t Ry
& am ifeits

START Button Start/Pause. i w0

D-Button Used to determine the directions.

e

Button A Special functions and:.raré maneuvers.
Button B Passive maneuvers such as CANCEL.

Button C Active manéuVers such'as DECIDE.

B e e e S T
o e e e e e e,
- o e e

k= o R e R e e

B. Sample Quick Maneuvers for ‘actiofi &nd shooting games

1. 2 actions (eig., Ghouls:
II) 4 T T

'n Ghosts, Thunder Force

-
A
e e et

e R g
-

Butteon A Juﬁﬁ}Suh,ﬁhot
Button:B Shot/Main Shot

Button ¢  Jump/Sub Shot

P
]
S

e
2. 3sactions {e.g., Trojan, Altered Beast)

aaaaaaaaaaaaa

: L e

A o .
o
-

Button A sPunch
b v _ + Kiek
stnnne, Buttom G Jump

£
e
rl.r.
it
o
=
v )

Fy

cémksanﬁ§§§§lgﬁ Maneuvers for role-playing, simulation, and

Button A Decide/Opening windows
Button B Cancel
Button C Decide/Opening windows

STANDARD.POL ' ¥
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2. 3 actions (e.g., Pﬁantasy Star II)

Button A Check Special functions
Button B Cancel ;
Button C Decide/Opening windows

D. Others

Even if there are two actions for the game, all buttons
should be utilized. It is convenient if m;neuvers can
be changed in the option mode.

VIII. CONTINUE/ENDING

A. CONTINUE

The CONTINUE shall be limited tg a certiin
L} ey ool i e
times. SN,

k" i

FoimE 2

i) :

The screen should return to the SEGA |

seconds. i h

o

el
R
e

..... D e
O N B e

RS e
] R

g ai i
B. The ending screen shall nntéhﬂgﬂﬁ%g%led, but it can be

=

exited via the START "button..
:-fl. e

-
o +
i ¥

=
T =
A E
-

The screen shall returfn to thé SEGA logo after the

e e e e

ending (after 10-20"seconds).

pd
A2 s
i E
e & o
e T iy
i R e
Flcborea et
FE T
IX
- 3 ] i
& i
e *
e
a

e
i

o
el
=
-
o
e

e
o

A. This shall appedr for 60 seconds and then the screen
shall:display SEGA logo.
o e

oy .
L -

B. Pgﬁsst&g tq; %@ART button while GAME OVER is indicated
;fﬁ§%§ ggysqﬁ;na screen to change and show the Sega
ogGE ¢ i

i,
el e e e e e e
g ey "':i"
SR e, o
e e R Coal
AR PR S R
T ':-?'\-‘R:-\:-‘P-\:-'?:;vk' -
S R e e L,
mmmmmmm o

ffffff

e Bl e
X &
« 0 CONTENTB OF THE GAME
;;;;;;;;;;;;;; w

7

aaaaaaaaaaa e e

aaaaaaaaa e e A

- -
e e e e

e e e e e
e e e

. Foriimportant indications such as the score, there
-8hall be a two cell margin on the right and left side

" and a one cell margin on the top and the bottom of the
+~'screen (some monitors do not show these areas well).

Do not put important score, text or time information in

the top, bottom, leftmost or rightmost row or columns.

=

STANDARD . POL 8

CONFIDENTIAL # 106 PROPERTY OF 3EGA



-

B. When background music composed by a third party is
utilized, pay careful attention to the copyright in
order to avoid any infringement therein. Copyrights
shall be secured for all 3rd Party music when
applicable.

C. HNames which are closely related to any particular
manufacturer, product, and character shall not be used.

D. Buttons shall work as soon as they are pressed, not

releaszsed, unless there is a specific approved reason
to violate this rule.

.......

,,,,,,,
,,,,,,
buttons i i
- .-\.q-.-c .-\..--\. -
,,,,,,
vvvvv
xxxxxxx

F. Indicatinn of Score and High Score Fans N o

el Qe A
e D] e el -'\-'\--'\-.-'\..'\.'\.'.'\.'\.' :-
e e e e I T
mmmmmmmmmm

High scores and previous players shall be up-to-date
scores shown on TITLE, DEHDHSTRAT;muqscréﬁﬁ§+

e e e
A
¢¢>+¢ e e
g

If 2-player game, then both smmﬁgg Eﬁ#@%&;& ‘displayed
simultaneously. Ty He

e .-\.-\.-.-\.-ﬁ-

e g
o {-ﬂ- e e e, e
{-ﬂ- e e e -'

G. Title music shall start when the ti&%ﬁTappaars and
finish before the demonstn&&imnxstarhi

e cl i D e e e

H. The title of the game and ﬁam&%“ﬁﬁﬁd within the game

shall not infringa¢ﬁﬁﬁm the”tradéharks of Third
Parties. 3

imply "copyright", “paten;“, or "invention" shall not
be made dur%ng creﬁitﬁﬁr“

ﬁ+av+

+

Js Develnﬂgﬁmﬁgﬂﬁ;ts may be included at the end of the
game, ° subject végmwggpprnval by SEGA.

R y?
S

Pt 2

L e

NOTE: In thE case wheﬁe any gquestion arises as regards the ITEMS
set forth ,ﬁﬁ tlm SEGA G&HE SOFTWARE DEVELOPMENT STANDARDS, or
matters £or whii

vvvvv

from time tﬁwﬁige agwfequirad consult with the SEGA Enftware
Department and resclve said problem subject to the outcome of

aaaaaaaaaaaaa

such,cﬁﬁﬁﬂltltiﬁﬁﬁ
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4.17.193 111

ll. Corrections to the Manual

When discussing VRAM, CRAM
27 that byte access ks possible, ﬁfﬁ” T

after the VDP address register ks set

From now on, please consider the text regarding byte access in pages

22-27 as being null and void.

Corrections fo Mega Diive Addendum é, Page 3
ll. About Control Pads

left/right input & Impossible there are time
‘ § when sim
fatigue of the intemal rubber parts or force on the Wﬁm 2

Because of this, from now on, el soffware should have switch read muﬁ#ﬁm

process ﬂllﬂﬂm: ]
Ao el e
- g g S
o R o et e
£ e A
. s R T
S, e B
B e e b
e e e =
T S e i
B e +
e e
e R
R P
T e 3
el e o
R e S
e e e o0
R o
& . R
=t e
At R ey
F e T ol
e e e P
e e e e, e
norbr el e M e, P

famough the manual states that the 68000 moy sat the bafik idisters, however, I req
280.

this Is not the case. Please execute bank switching Inthe
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ol e e
Pl . o
o b
B s
- e
o R o
e e n ey
T, B e Lo =tte=l
A S e e e T e, e
e e e e, e R KL e e e D e e
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el Sl e R o
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e e e S T
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= e T
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e e e Lo A
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e E
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ool e A e 4
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i, A A o e R A
A e A et A e i e e e
oty At i
o R ] e
Py e e e
P e o
o ol el
L e e
e e e el o
S A e AR s L
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R e e L g B e e e
Aeh A, e e o L
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e g e D e e
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SRR
ol e S e e
e e
e e el o
o e e e
el e
B b o
P
e
AR
B

Wransiator's note: The page rumbers are rom he original Japanese-anguage manual,
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er, In redlity this is false.’ The
. an Instruction for a CPU word access (ex. afetch

I

e e ST

» the manual states in pages 22 through
reason for this is that
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: 3 e " P
I’Software Guldelines
i fha g W

1) When accessing the 280 o !
beware of the ?ollawlng 109,50 Within e S6000' Mot rouling,

. :I W i muh m,lm

=2 L-"‘
)] Examabmraquasi to the 280,
' 2 -Confim exscution.
g inﬂﬂgawacﬂum
bus request s executed within
& Bt ey, T oA e
request  cleared within & S
?J' erfedufafomuurau. *:E:: ko

aava

ln nrhﬁple fhazaumanwtrnma
clocred in step 5). 280 bus request In effect, m»mhtrﬂs aﬂ&ﬁﬁl& i 4 l:

e e Y
uuuuu A e, i i i
A o e
SR ke i el .
an oCccurs, tha f SETEE e
r 5 ﬂccur o T e g
+ e e A
e, P e |
o e, O g ot
i A ey A e e e i
St b e e o
- el e e e g
m.iu e A e i =
B ekl
e s
* e, e
n B sl
= e b
B el e e L
l = e oty [
= - i e Bl A, e
3 s e e
s A A
.- m B e e
' A e
TRkl ) i
= e L e o

- i i e -:-.-c-:-.-a-:- b

v.-\.-ﬂ-.-\.i.-\.#.vﬂ-.{ o
L q._.:.\:._.\:q.;u:.\:. .:q._.:q.:.-.\:.:.:.\:. L
ke e e o e e

Disable Inferrupts prior to step 1). .

e e
e

S I e
i s b
e s £
:-'-::--:-:--a-:- i o
2) Problems ¥
u wk
scess .
e
e
e e, 2
:'H' ST o .-
-a- TS B s
1 SDM + R S o
-:--c-'\--'\-g-c'\- i
ops durlng the: SR
R i
o
prag
=
) oo
L ] 2
& problem :- P
: -
A Ly e
gtk :-.-\.-a-.-c-:-s-:-

The busy flog wa read In the FM sound generator YM2512 ik
was accessad i ihe Mega Drive): : Pl e

By R e e
R e e e
+'\-:+:-\.+ +:-+:--c:-'\-':- +-"

s (G, %Wﬁ Al, A@wﬁ%_i 0.1

Howaiver Inthe case oiaﬁa YM2612,

xxxxxx - its output Is not regulated according to the
cmmﬁﬁim aboﬁi This results in the device beling read as "not t?mf and as
a conséquencs, efigls up outputting sound.

oo e el

. — .'\.‘ﬂ' s
R L S e A
e B RS e
,..i.c.-.- ) s Lot et s
% The fix for th :
Sl & -"\.-"\. :.'h"h
. e
ey :- il
[ e
:-

g %!'QFM sound generator's busy flag Is read, do not access anything else other

Es

“";,3§§§ﬁl.ﬁm-ﬂ],ﬂ] (Mega Drive address 4000H),
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J) Repeated Resets :

I The tuﬂu:urn goet out of conirol when resels are repeated
. Diugnnm of the problem:

¢
3
3
§‘
:
a

the VDP ¢
The VDP Is accessad dght Gfter the resct ¢ fr_.ml:mﬂnuna\s the DMA,

@ DMA, then this access becomes Ineffective, . T 1o e VDP is executing
* The fix for the problem:

- Before accessing the VDP after the initlalzation p

e,

B
DMA BUSY status reglster. If a DMA Is being executed, do nmali-tﬁpt to n::?%

2 The problem sfill persists even ffer the precautions above are taken. .-

* Diagnosis of the problem:

e et S e D e o e e e
o e e e e D e
e o e e

e e e

The problem will occur when the roset takes place between the pwm

the CPU has finkshed sett sl Q of time when
SSn iAo o s Dhis Ié‘;ﬁ‘ﬂﬁ Parameters fo executé the DMA and the ictual

e
e
EE

e 'Q-X'Q-%
e el e

A

LI :
i
]
]

" vopt

=
g m L e
. 1 EA ATy o A0
| e A e et e
e Ea L
o § S po e i
Sebi = i el i
i | gl -
e o e Ty Caed o I
P e R [ Iy ra
AT S L i
i 1 Eond —
s T i
o i e
- b
wa e e | B
A e s —
by ff‘ﬂ'?#?‘ﬂ'?#?#?‘ﬂ'xl. 2
R e g, § ¥
e e e e S e s
B e T e e i e i
e i T
i S = . r
a
-_—a
. 155“- - g |
s . .
i - Trouble
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2/9/1993
=ega Enterprises, Lid,

PR —r T

*  WAIT during Mega Drive VRAM READ

In the Mega Drive, during VRAM READ, when the following conditions are not met,
data may not be read correctly.

araLIr—-

VRAM Adc_iress Sat

1

VRAM READ
|
_ WAIT exceeding 116 CPU clock cycies
1

MNext VBAM Address Sat

During V-blank

VRAM Adr:_iress Set

.4__.
VRAM READ
!

. Wait exceeding 12 CPU clock cycles
l kS
Next VRAM Address Sat

As seen above, after the last VRAM READ is completed, WAIT is required before

the next VRAM address is set. With respect to VRAM READ, it can be read
continuously.

(Transkated by : .J.T./Feonary 24, 1993




2319493
Sega Enterprises, Lid,

* SUPERTARGET IC 19

When 68000 CPU accesses an illegal area, “DATA ACKNOWLEDGE" signal may
not be sent back - causing "hang up” in the production unit. Depending on some
ROM emulators or ICE (+SUPER TARGET), even the emulator may hang up. To
avoid such hang ups, measures have been taken so that SUPER TARGET would

return ACKNOWLEDGE signal to the CPU without system hang ups. This is done
via iC 19,

As a result, due to this IC function, for SUPER TARGET to function normaily, the

hang up occurs in the production unit.Please take the following steps to correct the
problem:

(1) Before checking the software through SUPER TARGET + CPU. remove IC 19
from the socket.

(2} When using ICE (ROM emulator), IC19 may be removed. Reinstali the IC
should ICE (ROM emuiator) act abnormally.

(3) The above measures are common with the MEGA DRIVE and the MEGA CD.

11

—

|13

; 1000
t REMOVE (19

( SUPFEH TAHRGET

(Transiated by : J. T /February 24, 1993)



—T el B e T T - E—

- e —

GEH 1004 MYLEIDI fe-22-21 XQG=4

Scot:

Fere is what 1 discovered in the past couple of days while working with the
Scaling Hardware,

Address §FF8002: Memory Mode
Priority Mode works as follows:
In Mode OFF all scaled pixel data is written to Image Buffer
In Write Up mode only non-zero scaled pixel data is written to Image Buffer

In Write Down mode non-zero data In Image Buffer is not written to by scaled
data

Address $FF8058: Stamp Size
RFPT : Repeat
This bit works exactly opposite as it is documented in the Software Manual on
page 19.

Address $FF805C : Image Buffer V-Cell Size
V(S04 : Specifies the number of vertical cells MINUS ONE in the image buffer.
ie. To get a buffer twelve cells tall you would store an eleven.

Trace Vector Info:
All Vector Values have fractional parts

Start Position : Has three bits of fractional data
ie. The Position one is represented by a value of 8

Deltas: Has 11 bits of fractional data.
ie. To get a step of one pixel, $0800 would be used

Hope this helps,

Jerry Bennett

If you lve uny yuestiony glve me a call at (818) 774-0600
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