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introduction

Genesis Super 32X (32X) isa “ 2 X 32 bit “ hardware upgrade that will provide arcade-
quality game experiences from existing 16-bit Genesis hardware.

When attached to the Sega Genesis or Sega CD, the 32X will incorporate some of the game
play capabilities to be found on the upcoming “Saturn” system.

The 32X will use the Hitachi SH2 RISC chips destined for Saturn. The two SH2 chips in the
32X will complement a newly-designed VDP (video digital processor) chip to bring to the
(enesis faster processing speed, high color definition, texture mapping, improved computer
polygon graphics technology, ever-changing 3D perspective, software motion video, en-
hanced scaling and rotation and improved audio.

-‘ﬂ‘?ﬂ'&-ﬂ'-ﬁ-h

The 32X will enhance both Sega CD disks and Sega Genesis cartridges &emgneﬁand devel-

oped exclusively for the system. In addtion, the 500+ regular gﬁ‘nﬁ available for the Sega
Genesis, and the 100+ games available for the Sega CD can still be Ffﬁ%&i while the 32X is

attached to the Genesis hardware unit. e ﬁ%ﬁ.ﬁ;%;. s
3 =] =

System Features

The following are some of the features on ﬂ:é@%}{ e g ¥

R

. Plugs into the Genesis Cartridge p .;-:— ,, s through cartidge port.

* Run by two SH2 processors rendering o ¥ frame buffer % the 32X itself
(not the frame buffer in the Gﬂnesm} g o 2% . &
. Three display modes support 16.bit, 8 bit, RLE colors, = &

*  Willrun 32X-only and Genesis cartridges. If the uset hiis a Sega“CD system,
32X can be hooked up to the'CDigystem and will run‘%Z M and Sega-CD
compact discs as well. e, T o "égi;"i“

. 32X will feature impmv@ - hics capabili%mn?ﬁ sprites, quicker
animation, and allow text . '

. The Genesis . fgbund are mixed tog iﬁf Thus, graphu:s il
SGund from - “‘“ be overlayed through ‘output. For exampile, for

e, the aekgmlmd can be done through the Genesis, and the
1the 32X (and vice versa).

. 4 Mbits total (2 Mbits = Frame Buffer; 2 Mbits = SD-RAM).

&
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GSX Hardware Specifications

CPU
SH2 (32 bit RISC) x 2: 23.01 MHz, 20 MIPS x 2, 4 KByte cache
Internal DSP (add, times & divide): 23.01 MHz
RAM
Main Work RAM: 2 Mbit SDEAM
Frame Buffer: 1 Mbit x 2 DRAM
H: ﬁé;ii
vVDP " 5
| Maximum screen size: 320 pmel wxde ::-:224» plxel high
{ Maximum colors: 32,768 .z, n
| Display Functions: Direct color n’ic:rde, Packed pixel mode,
Run—lengjch n‘mde Line table method.
5 i,
MD/GENESIS I/F e
| Communication Port: P s h""ﬁ?bgﬁf%urds of dual port registers are
: :3535;3“ aﬂgﬂabl& fi::r I:%}mnu_mcatmn and :
ks xfata transfer o :
Interrupts: An inte fiﬁm}gg;hé“‘ﬂ}{
‘-ﬁ‘* e
Sound i oW a7 3
i ~?§:}_w ,,i'.:; | * & &
Two channei PWH,, g Resolutipn 10 bits at 22 kHz
J&A Hardware Specifications 5
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SH2

. Dual SH2’

Same CPU configuration as the Saturn. Each SH2 has 4K internal RAM. This RAM
has two modes selectable from software. Mode 1 is 4K cache, which is useful for
general CPU tasks. Mode 2 is 2K cache/2K RAM, which is useful for tight loop
tasks such as graphic routines, geometry calculations, and sorting. The SH2's share
a common bus that holds the RAM and Frame Buffers. This configuration should
lead to unique programming tricks.

SD-RAM

The 2Mbits of SD-RAM, which is the same as what is used in the Saturn, has three
timing tiers. The read time when reading sequentially is 1 gcle

Master Access to Frame Buffers 5 *.,:;1 ifi

Both CPU’s reside on the same bus. When they attemgt f&ﬂﬂ@éﬁs the bus at the same
time, the Master SH2 will win. Because both SH2’s.haveinternal cache mernory, the
conflict rate is low. Because there is one buM 5%5 can write to the frame
buffer. This allows a programmer to split the déiw wnﬂc for the display into two

'\-'t-a-c:o-\.h

parts if the game requires. e

DMA Channels . T F L

Each SH2? has two DMA chan:lelgii?fiw;%béﬂ%ﬁgured to respond to the DREQ

line on the chip, creating a thlkim;aﬁ M%E hackgrqud of the CPU running.
. On the 32X, this line toggles everﬁﬁ}ne the 68000 writes to"a register on the Genesis.

This allows a DMA from the 68000 to#the'SH2 withouthalting the SH2 to do the

DMA. This will enable the SEGA CDtodo Mghﬁ;fﬂmaﬁc&aﬁlden playback and

o

data transfers. < ﬁ% WO, b
AR ey i
%%— . P [ *;-géﬂ{:»%'&

IRQ Lines | r o "
The 68000 has two nﬁ«? M nne sent tcﬁ'&ach g—[i

Lo

;Ei’éﬁ' &gﬁf"' xh &EE
il i’* S
VO Ports "E%iw g U

The numbﬁgt 14O ports is still undetermined. Data can be passed through I/0

ports and m‘ggfe the IRQ to inititiate work.

S
3

FIFO
The FIFO (First In, First Out) allows the SH2 to write data to the frame buffer with-
out a usual wait for the D-RAM.

Cycle Stealing

The cartridge will exist on the 68000 side. Both SH2’s have master/slave access to
the cartridge at all times via the cycle stealing technique. Unless the 68000 is doing a
DMA, the cartidge is available at all times.

32X Hardware Specifications ;
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RAM

System RAM
2 Mbit SDRAM

512 Byte RAM Clear Hardware
Used for flat-shaded polygons.

Frame Buffer

Dual Frame Buffer Design
Two display buffers, each 1 MBit, are featured on the 32X itself. he:SH2's can talk
to one of them, while the other is being drawn to the screen.

%‘) iz

Access From MD Side
The VDP and Frame Buffer from the Mega Drive can als

Video

Three Display Modes 4
The following display modes will be sup

» Runlength/256 CLUT display mode
= 15-bit RGB 555 color display mode
» 256 CLUT display mode
32,768/256 Color Support

Supports 32,768 colors on scree
Direct selecting of color ;
wipes, gouraud shading
VDP 1 on the Sa

Line Start Table
Each line of the video display
memory conservation in blank pixel areas, and hardware scrolling.

S-Video Support
The 32X supports 5-Video, which allows the Genesis to output 5-vdieo in pass*
through mode.

8
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Audio

Two Channel PWM

PWM registers are used for title screen audio, and the Z80 for gamepia}' audio.
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The following is a list of programming tools to be used with the GSX,

Hardware

Hardware

Comments

IBM PC compatible

Code development for SH2, 68000, Z80
CPPU- 486 (66 MHz); 8 MB RAM or more;
300MB HDD or more; MS-DOS 5.0 or higher.

Macintosh

For graphic and sound tools

Unix Work Stations

Works with Hitachi E7000 throtigh ethernet GNU tools.

Hitachi ICES for SH2 Ve G &
E7000PC [BM-PC parallel I;’ F ‘:I:Iﬁ f@ﬁ
E7000 Ethernet type § iy, e
EVAL Board Low cost [BM- Fﬁiﬁarallefjf F SH2 ICE
Zacks ICE 68000 & ° p i
“'_Eﬂ-ﬁ- 3: =
CartDev Mnﬁf&r"b d wlﬂpmmt system. Available in June.
ﬁ ""*:MHA?- s
. SegaDev Cafﬁfﬁgb ROM emulator -

“ﬂé}’ﬁgﬁ -H_& :; L
32X Target 432X development bﬂagd . &
CD Emulator S %@ﬁfﬂ emulator - R:EEL 4

e R e

g A T 1 s

F . W wooE 4
Software .~ 5% ¥ 4
Software ?Eﬂgﬁwfﬁ; N Comments
SH2 Compiler GNU, Hitachi
SH2 Cross Assembler GINNU, Hitachi, SNASM2
SH2 Debugger Hitachi with ICE, SNASM2
68000 Debugger SNASM2Z, etc.
32X Development Tools Cverview 11
CONFIDENTIAL
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Stand-Alone System

IBM-FC
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32X Software Library

The following diagram list the 32X software libraries and the programs in them. .

i

Graphics _ibrary

Systam Library

Inafializatmn Pt
Mg Oried' Garesis BF

32X Software Library 15
CONFIDENTIAL PROPERTY OF SEGA



e iy
] &E&#ﬁ_ﬁ
e et
Sy et
#

foe LT
e
3 T
et Fotel
e g o
- e Ll
L R sl
i Ay
ey :
TS,
T,
s S
o e fici,
i Py E i
Faks, G S
B = iy
R nod i,
R G,
SR pois
S ]
g P
94 R, s
LR LS DT
S i
s i
e i, w
e SRS
L) & e
s Lt o
ki o Freis
e ST =
i W -a*g =
! o e
gb’ ¢ T i i
R SR
i . e
i A
s P e e P o
e RS . e
i - 3 S I e e
S, i Rz T,
g g L i
e e By e rﬁ{h
i s o
e i i 2
ity e S oo s i
el e Y i o
cl L i S
i e
s, s e
o e B
e foh b ih, Ao
e, =it i, ST
k L R B gt
1 R, G [Eal
b gl e
T i) S
R s R i b
i E»m“#ﬁ e ol
; e o o
i o, iy
o] . kit
S e r ¥ e e
o i -ﬂ;:'a:« £ i
4l S ]
e O L --if: T
S S E ki ’
e Sh % % e e,
e e e 2 .. o
T e *& i &J.’j
i ey : i e
P o= st iy .
R - T o e
e g e o o
S e : :
A & :;,,'p&? e
e ﬁgﬁ-& A 'M..
i A i
F R e
T, e ]
R et
ko,
e
o e
R
i
g
i :
b

& 1954 SEGA. All Rights Reserved.

16

CONFIDENTIAL PROPERTY OF SEGA




Data Format Support

. The following data and formats are or will be supported.
Data type Comment
Image Data
PICT: Macintosh picture data
DGT2: DC mode, PP mode, RLE mode supported
Model Data
DXF: Auto CAD data e
3D Data Uy, S
1 SEGA3D: Modeling, Material, Object data. .
ok & F "ﬁ%
Animation Data . W
gige,
PICS: Macintosh arumatmr}fﬂ xﬁﬁ
Other Formats éﬁﬁ%‘f = ngﬁf
. The following formats are scheduled to ported in the future.
A ; s : y
* BMP « PCX 9
32X Graphics Developmernt Enmn:rnnm:r 17
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2D Development

G

Faint Tool{O.T.8) Image data Image data
*Bit map

(Eimulﬂtim_) *Color palette

Motion editor
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Hardware Requirements

The following hardware is required for graphic development.

Tool Hardware Comment
i Development System: Macintosh CPU 68040
- 16MB RAM

100 MB HDD or more
Video Card: A 24-bit Video card, or a 24-bit color system.
Target: A SCSI system available in June. 3’*

System Layout

Macintosh monitor
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E
G
=i n.n_.. é?ﬁ\_
s
hx-m-\.-.-\.-\:ﬁ:
B =
ﬂcmu$ T
;*:@ e k-
.'q':zf ol ¥
e & G
r ?“:'M g’:.a.-&?“‘;" {;3
By e i
s e =k e =g
F i o
____-%_:- -'\;a ﬁ,....-f%%’;:?
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o e
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e
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o
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Software Flequireménts

The following software is required for graphic development.

Tool Comment

2D Edit

SEGA converter: Same tool as for Satum.
Simple painter: Same tool as for Saturn.
Simple animator: Same tool as for Saturn.

3D Edit

) ] AP
Simple 3D editor: Same tool as for Saturn. & .
Sy =
.
W,
m#§;¢
kR R
.- Lodd e
8 & B @
e £ -
e - E
Simple Painter i 3
A ST
' o i e
A simple paint tool. S,
:-:? :f?g%ﬁ' £
. 4F ey
- " i = "
Function Simple paint tool i i
:_égﬂ'" : I'E:gx-:--s-:s"}
e a0
Input: Image datais PICT, DGT2 & o
e L i e i
T T i r.g-\.ﬁ F;-ﬁ- T
sl i
etk
Qutput: Image data is PICT, DGT2
;
e
e
=

k=114
el e e e e,

a Logg “Einiig JUo
PICT  |DGT2

-

;é% £

Simple Painter

Bt
o
s i
Sk BE .-
3 ot

o
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Simple Animator
A sprite animation tool.

Function Sprite animation tool

Input: Image data is PICT, DGT2
Animation data is PICS

Output: Animation data is PICS

Load
| PICT | DGT2 | e @

] %
: - : -\'-b.'g =
2D Motion Editor . =
P - i o=
- e o ke, e "
= e e e e
i
S,
i
Tt
g
o éi&&.
Ao L
: Tk
i i,
£2 iR
B Adfas i
L ¢§§:}:+‘ S e
%::;&%&&%& g& “;:5'5 B
e pe L e
LEE e o
b gy o
R @ﬁ i it
L
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Simple 3D Editor
A model data viewer that sets 3D data (material, object).

Function Model data viewer
Input: Model data is DXF
3D data is SEGA3D
Image data 1s PICT, DGT2 (for texture mapping)
Output: 3D data: SEGA3D
L Load Model S,
DXF g 5
Load Texture e "
i, e,
picT | |paTe | e— B Ky
Wi o

2 . L e, i - 'i
.-\Q.N; #@% t%_ig%;:’? "‘:?
SEGA Converter % o B
e ﬂ&:}
w4
LV 4
i £ Gy v
Function Data Pﬂ%{ ?h?mi&ﬁ
Input: Image data is PICT, DGT2 (TIFF, BMP, PCX are being planned)

Output: Image data is PICT, DGT2 (TIFF, BMP, PCX are being planned)

L o5

Load Save
PCT  |poT2 | e o sssssmp- ccr [paT

SEGA Converter

22
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30X - om,
SOUND DEVELOPMENT
ENVIRONMENT:,

4/26/94 ..
. & 1954 SEGA. All Rights Aeserved.
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- e —— el e T e e s

GSX Sound Control Plan

2WORDS will be set aside for the 32X communciation port. Of the 2 WORDS, 1
WORD will be used for main program (SH2) sound requests. The remaining 1

WORD 1s exclusively for the sound driver give-and-take control over SH2 and
68000.

PWM Sound Driver

The following are some of the functions of the PWM sound driver:

ffffff

. 8 bit data *" '““3;‘.5"?.“_
. Left and right, 2-channel PWM. B
. Maximum sampling rate of 44.1 KHz. = ”«z i
s Looping (forward, alternate). B "
. 32 step volume change. sz ”"’ﬁ
. 3 cent step pitch control. W
4 CPU Power Consumption e, G
- Pitch, volume control off- 2 ﬁ (221 w
- Pitch, volume control on- 20 1's {22 W '5ec)
J -:--:" . -a-ié&*t‘?:w ‘HH&-
Presently, the SH2 timer is fixed at 22 p se@ﬁ A -
‘ﬁ‘ﬁ-ﬂ"ﬁ' o] 5’* :;
PWM Data Format | L % L @
Divide PWM data into the ful]DWm&mﬁapnn and data are ”"ﬁ @;w o
Information areas ;,;.%”3%%?'?{%& § R -
i &0 " WAVE-1 HEADER
W, G e . WAVE-2 HEADER
2OP ALES g %W ’5" _WAVE-3 HEADER
LOOP START ADIS ?'3&%??@ LONG T WAVE-N HEADER
LOOP POINT RHRS “HEONG 4
ORIGINAL S T WORD
ENVELOFE VGLLHU['E& WORD
PAN . 4 WORD
NOTE ON/ OFF AGHRD WAVE-1 PCM DATA
STATUS WORD
FREQUENCY WORD
WAVE-2 PCM DATA
Data area
WAVE-3 P
Wavwve data converted to PWM format. SPCM OATA
WAVE-N PCM DATA
24
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GSX Sound Development Environment

Sound Program Development Layout

Macirtosh

COv. B0ARD H ICE-8800 o -

ICE-SH2

32X + Supesr Target

-t
o

Mac

o
B
il Ly
o Y
i ok
A, i
o i
o e e
i i o
B 2
S e R
Lo S
oy, i
LR T
e
= e
s e
iTi . A ot e
i t - ot RN
TR, p S
Sound/Music Composition w 3
e L
R o= i
A i
T e
s B
i R R
MDI instrument 0 s
EE e
e LN ;i
o ERIS N
o A Ul e
[ o at e
Lt i YR
e R ]
R = i
e el 7t b
Py i o L
T o
o e S
S SRR
dSa R
G e e s
pov Y o = L = ;
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S o i
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el e o o I
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ﬁ.l:l'ﬂﬁ-:l-.a-:!-xg:.-c.a:.:“_a,._:,. 3 ::i:{
= B 5 ]
- o T
et '\.'ﬂ ﬂ'\:l -\.--\,:.-55.
e i e
i 5 T bl
Soungifie. (0L r y
i ‘12 1% Target & %
Ad ari &5 & i e i
ﬂﬂ -.Eﬁ. {ﬁ;} d e O]
oo it i ;
i = X& i e
o F;
' L = =
T L b e A
o aE g R, A g
et e S S e 4
Had e e A =9
o T e 5 S
i i v 2
T e e -
il o S S
e, s e
e I
ol T
o e T
e e
o
Rt =
T
R
T .
-

32X Sound Development Environment
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Program Development

CarnDev ﬂ% PC

Target

L e
et
A i
AL )
Cat S
i e s
o A i
When the 32 ilable, d ment can be
en the 32X available, devel nt can 7
1 opment done on the game system as follows:
R, e
)
R
e sty
R et
R e, e
e el e
i, T e
A S
S .
St mm
e s
e ol
PR R
T 'ﬁ:r.'
e Emi, R
i S, =
e e
s S\:I:‘g-\..,a-\..-cw-:
{: 3 Bl
artDey |-—r—r—f PC
St o ey
R i
e
aszssa s . s
E.r o e PR R gy
e S
32 e £ el
E e e vl
S, o o g e
= e e
Ll i S e
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i S R i
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$¥'1 o ok e -
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T e
{ .h :-a-ﬂ-:.g':az 2-:::- };_;- s G
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et S el iy i
e S s o f
B 3 i e e .
= prn e el el T i
SO W =y i o 3
e, by, g s el
P ok P il g .¢-3_>-
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e e G men
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e e e
L SR - o
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MD MEMORY MAP

When Poweris ON (ADEN=0) When usingthe 32X(A DEN = 1)
Custom Intemal ROM

DEKI00e ﬂDﬂDDﬂE Veestor HOM L aooooooo | O
100000 | :
ROM 00880200
| 00880206 | 8
400000 s 400000 00880200 {?
S See MD Manual ; eC
o v
§ See MD Manual § 860000 r Write Image |7 e,
e 880000 ™ "RoM image § ", 4 bank
e 2 (Fix)s 0 ) 1000000
S00000 I™"ROM ImagBi. | s 100000
Elank i T 200000
_ LT A00000 ;s 300000
A130FC Sl =D}
A13100 § ; A1310D0 -
A15100- B See MD Manual A15100 B 566D Manual
A15180 |opmilds RE A15180 | :32X
i e .ﬂrlm i
} See MD Manual § L, .

gy
T R R e
G e e e

-
o
PRt
)
e ﬁ-ﬂ-' B
:'g“ S A
- e e
ﬁ% e S
'3‘: L S
i o Rt
ng32X(AD Here w o aE
ing YEYI
st w--x-u

* Acustom internal ROM m@llncat&d tﬂmvﬁtﬂf area (3000000~$0000FF). All
Jump destinations wﬁ this RAM are to FIXROM. Image area cartridge ROM is
allocated to.this are# only when ROMio %’M@M

* The cami?a"“‘"”%nmmmm?ﬁ (4 Mbit) amﬁaumated to the $880000~$8FFFFF
area, and cannotallocate other cartridge ROM areas.

¢ The $9W "$OFFFFF area accesses a 32 Mbit cartridge area and divides it into
four hanics%tgmsemng the bank inside SYSREG.

* 68K and SH2 can freely access ROM, but when 68K and SH2 are accessed at the
same time, SH2 has priority. The CPU then waits until the access before it has
ended.

* Only the HINT (Level 4) Vector becomes RAM.

* The Jump source is set to the Fix ROM Image area when the initial program ends.

Manual g
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Only when FM equals 0 within SYSREG is access of areas $840000 ~ $87FFFF and

$A15100 ~ $A153FF possible.

* The32XIDis "“MARS.” .
Palette can access only by word; it can not access by byte.

e A o

e
L v "'D:##
ke el
A i
] i
o e _+$
o) . i
] R st
3 L e
o b e
R b
T
-
o e
i i,
S e, e
o Sty 2]
L # i
Sgsmn, ey
Sl e o]
S e
R i)
e e e
EEha et
g, ol
45 it
“.'E; i e
L e e
=l e, o
# .
e R
oL = et
L e R
= ol
e, e g o
e e =i
e i i
;%# o
eiim kit
B2 EJ&“E
oy SRR
E T i,
o s e I
o i e et
w&mé&_& s 5 T
ke o s o
;’f i E
¢ G
e s s
Tk - s 4
i i ki
b Hed A
'E. e T T
k. % = T,
ey o :-\.&3&1 b
rer it i, r e
T i) w.___:_ B, :
S R
.'\Q-H-M'\q..\,_q.w-hl__l__l_l.lu . 1 1
‘b#ﬁ&- e - o L x.ﬂ‘-&-\.
TN R LW e
i e ki
g iR, i
x 1 s S ot
v.ﬁm&&. S = i, e
N &?&@ E: o %
o o ﬁ__ 23
b %@- & L o i
s bk i ey i
et ._-ﬁ-‘ﬂ:ﬂ. - i r
i a7 o o ,
T b e e g
= e Al i A2
aﬁgﬁ'ﬁu R s 'Eé r
e S e S : y
i S S “g
i = = 4
e Eoe o T e
o Jrantead, =
] e oy
o i i
S L e
'ﬂ-"?!'ﬂlﬁ H_-’
s L =
LR o
e
N
e
g
'ﬁ-%ﬂ:—'
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SH2 Memuﬁr Map

CES 0 Area
00000000 20000000
Boot ROM
00004000 20004000
SYS REG
00004100 20004100

VDP REG
00004200 — 20004200

Palette

00004400
02000000

(Cache)

Only when FM =0 w%ﬁ'rsﬁ@
can VDP REG and Pale “amg
A, R
if"““"f‘ﬁh -

Palette can access only h}r ws::urd it cm'l nﬂ?ﬁaccess by byte.

ﬂ'\-"\.- S

"'C‘\bt-‘\?a-'\qsgi'
:k-ab' e, =t
e bR,
g T T
'%*'fﬂ'- S TE as
1 PSS
eS8 Area. ool Y
"""'P'Elmﬁ""' g e i
a e
02000000 = 22000000
et s
-\.&'& e L B e
g5 i iy i
----- e - o
5 b e
Fos
45 Cartridge e G
i i e e penEe
T e e e
o [ e e A i
L S R e
N ek i ALl
E@ '-'I:& L A .
e |
02400006 000060,
p i Lok
g i .
S
- R
e
S
P F
2 A 3
T ke i
S e S
i, S i
ShE
A i
5 ﬁ ks 000
e S e S
& S :
e i e) {Cache through)
s A N
i, -
’
T (W P )
e rite Protect
s,
e,
et
"'C

&, (Access prohibited when RV=1
within 5YS REG)
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CS 2 Area

04000000 24000000

DRAM
04020000 24020000
Over W rte
04040000 Image 24040000

06000000 26000000 i

(Cache) (Cache through) <. v

=S
{(However, Accessabie only T W
e < o %
when FM=1 inside SYSREG) i &
L o

.-":-h.

With Write FIFO, write is possible by 3 SQH-’.‘” "Eecaﬂ%é there

-'\-'.-:-:k

are only two words, a wait is requlred when:mmgas written

-!- 2
continuously. Ry s i
...d'\. o {-.-
::" i s.::-: - 1 °:' i ? =

:ﬂﬁ r E' e .
CS3Area i . S
e g
e o Cr )
06000000 E}QQ%’@M 4 A
SR - Lo

o
i i 7
e e ::' =
3 =) i
s S
iy i
e .
PO T i
et e & e
S RS &
. ] e
3 L it
06040000 el 26040000 W a
Ve e T
oL O !
2 ‘:a_-! Skt T
“*3 i S
. .5‘_.' o .l':ll-
e o
i 5'.5‘
o i
5 - e
sl W i 4
EETE T L) it i
& o
080 0 : L ¥ 4
- 28000000 e
7 ’@"91-\.-'

{Cache) s (Cache through)
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interrupt Leveis

IRL 14 VRES Interrupt when the MD reset button has been .
pressed
12 VINT V Blank Interrupt
10 HINT H Blank Interrupt

8 CMDINT Interrupt through register set from MD side
6 PWMTIMER Interrupt through PWM synchronous timer

¢ DMA is a dual address mode (DREQ 0 fixed) for the SH side RAM from
FIFO (MD side data).

¢ The ROM to PWM DMA is also a dual address m@"e— ﬂ“lﬁ.;

* For other memory to memory DMA, use theauto fequest mode.

e DMA can set both master and slave, but both s@uﬁg&t%e set at the
same time. U

-&R
E‘-‘Qﬂ- 3

* When scanning MD DMA datain D ﬁ

& 8H side RAM from
FIFO, the MD Source Address works properly c:-nh' by the CD word RAM.
FIFO will not run properly even if }m% work RAM .

S
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MD side SYS REG

. + Adapter Control Register

DISD14DI3DI20D11 DI0OD9 DB D7 D6 DS D4 D3 D2 D1 DO
Read Only
ATSAD0 [ ] S o s [ | o] i e [REERY e | o il | n S HIE

ADEN: Adapter Enable Bit
0: Prohibits use of 32X (initial value)
1: Permits use of 32X

RES: Resets SH2
0: Reset (initial value) S
1: Cancel reset i cjm i
REN: SH Reset Enable " L
o e
0: No s
1: Yes %,
FM: Frame Buffer Access Feﬁmzmnn =
0: MD (initial vaiue}, ”ﬁf‘;%wm
-3&--\3 ’ﬁ-“\-a- m
l SH e 5*'@‘3':5.#\.

e S,
Sas it 2
= o

‘Q-:Pa- .p.ﬁ.-'

Switching the access permission is done simtltaneg % gpwntmg to the FM bit.

3‘&-&-@:-@“

Therefore, be aware that the SH side will ﬁfltﬂ&ﬁf”é‘lﬁ&fhﬂe acce&gm g the VDP.

:k ‘Q-ﬁ-.ﬂ-«“.ﬁ
"-'\-5'-!-

+ interrupt Control Register %Mﬁ
4 ;
D15 D14 D13 D12 D11 D10 D9 % D7 D6 D5 D4 D3
e -
ATS102 [ =] —]— |~ | = —;-— ] e | e | =l | i} e AT INTM
;:?;E «w T & “‘“{T-;;*:

]NIM% "asté% SH2, hlternﬁt -:Efﬁ'lmm
4" 0#aNO OPERATION ( (initial value)

i s L 4

4. 4 k& Interrupt command

INTS""  Slave SH2, Interrupt command

&,  0: NOOPERATION (initial value)
“ 1: Interrupt command

Both are automa ticaﬂ}' cleared if SH performs interrupt clear.

H
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+ Bank Set Register

DISDI4DI3DI2D11 DIO DS DB D7 D6 DS D4 D3 D2 D1 DO
BAA .
AS104 | —]—e] ] — ]| —] o [ | e | e [ | — { — [ B[ BKO

+ DREQ Control Register

DISD4DI3D12D11 DO D9 DB D7 D6 D5 D4 D2 D2 D Do

Read Only BAY HAY BAW
A15106 [Full =T —T—T—[—[—[—[—]—]—1—]—68sSIDMA RV]
RV: ROM to VRAM DMA .50
0: NO GPERA’I‘IDN émmal 'ﬁr:alue}
1 StatDMA % B o
Full: FIFO Full ”’5“”.%;

0: Writeable ,c_,,;a T

- o
=

1 Unwrltéﬁlﬂe i{f':»

'\-a--a-.
:?'

The S5H side cannot access the ROM wheﬁr Wq 1 ﬁ\’hen doing ROM to VRAM

DMA, be sure that RV=1) When you waht tﬁ!i’ adﬁé%s it, wait until RV=0. (When
DEL=1 no action will occur evenwhen writing fo FIFO.)

g

E 70
e e .
o §F 9
DMA | 888 Mode - .
0 0 | No Operation i . ¥ i
0 1 | CPUWrite (88K writes data in FIFQ) . L
1 0 | No Operation: .. W W
1
I o gt e
L e .
The 32X heggﬁ%@erﬁﬁu W’nen 68Sis 1. Wntﬁig @Ends the operation. It automati-
cally bec-:::rm'ies 0 aﬂ:er Dﬁﬂ ends. f‘i‘g?
ﬁ“gix:?-sh
32X Hardware Manual
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+ 68 TO SH DREQ Source Address

DISDdD1aD2DiTI D10 09 D8 DY D6 DS D4 D3 D2 D1 DO

RW
High Ordar
Low QOrder [}_

A15108 o
A1510A

Sets the source address when performing DMA of the MD side. The inside circuit
begins operation of the SH side DREQ circuit from the time that the addresses
match. But because the DREQ circuit does not use this data, nothing needs to be set
at the time of CTPU WRITE.

Qﬁﬁ»&v

+ 68 TO SH DREQ Destination Address Y

ol
i

i igE
ﬂﬁﬁ Hﬂb

D15D14D130D12011 D100 D8 D7 D6 D5 D4 03 [ﬁ**ﬂ

HAY s ~?‘<~1h
A1510C o n%isﬁ i
A1510E Low Ordear i i
e +E§%ﬁw»b£
-:-W-a-c!a- -'i'-'?-'-:g:-:-

Sets the SH side (SDRAM) address. The DREQ circhit Mmfat use this data. Thus,
when the destination address is known befqmd g%H «or when SH doesn't need

3&¥“ﬁﬂ

to know, no settings are needed. & i,
i
:gﬁ 3“E$¥? <£E E .
™ i R,
T 1A% "ﬁﬁ Yaksh
i i
T s 4
¢ 68 TO SH DREQ Length b S @ B

b =

Ve
i o A
R

~ D15 D14 D13 D12 D11 D10 DGME D706 D5 D& DB ﬁ“‘@‘ Dﬂ

“
u
7
A

A15110 g - Flolo]
h o o (S
ﬁ;; ¥ E%r Jﬁf
Sets the data nl.unb-F..-z'“E'Urutqffl ) to be sent to SH side. e vatiieio be st 2e i 4

word units. Low ﬂfdﬁf%ﬁii’ w':Ls ignored (00 defined). Be sure to set this register
for both CPU WRITE and DMA WRITE. At each transfer, this register is

decremented and when it becomes 0, the DREQ operation ends. Transfer is done
65636 times when O is set. Read time reads the actual count value.

36
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+ FIFO

DIS D14 D13D2D11 DO D9 D8 D7V D6 D5 D4 D3 D2 D1 DO

Write Only

A15112

Data is written to this register when DREQ is used by CPU WRITE.

+« SEGA TV Register

DISD14D13D2011 DO DO D8 D7 D6 DS Di;;;ﬁ&wa (B}

AtSaa ]t e e e L I—Tﬂ-i—Ew]
Ch: Cartridge Mode ... {'j”{ii_;?_x_
0: ROM ( lnhg%[iﬁ'alﬁn_
1: DRAM ™, =

S -ﬂ-'::--v-a--a-'-a?-ﬁﬂ'
s 'i"r'n T
e

Use of this bit is prohibited with other apphﬁﬁﬁﬁgf&r the SEGA TV.

= e
:M'\- :? = o
+:3h e -\.:i_ :'C
e
+ Communication Port & g,
TP AT T
e e . ke
- e e e e
= S s Rk = e e
B ot o o ':;
D15 D14 D13 D12 D11 D10 08 B8 D7 D6 [.'ﬁ D4: D3 nz D1
sy =R i & 5
pass L.!..!::UU L 6ﬁ
ATE-lEG WL 5 q‘i:-a- =-+:- =
Al15122 T ey i '*"“;W &
A1s124 T e
A15126 e g TEE
A15128 & &a - A T
A1512A % AF 5 S = ﬂ;
Als12C kS e gF ﬁw
o S ] L
ﬁ15-12:E:: l'%_l’"'F'h i D e
-.?T- Lot = el e ﬁ
i a.'.la:-a-'
f L e
s,
e
e
= s
AL,
"-"‘-:-"{h

This is an 8 word bi-directional register. Read /write is possible from both the MD
and SH directions, but be aware that if writing the same register from both at the

same time, the value of that register becomes undefined.

32X Hardtiare Manual
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+ PWM Control

D15 D14 D13 D12 D11 D10

BW

DEEHD?DEDED*!EEDEN

A15130

—[=1—T—TMs

BE 2

HMHI'WH_

RTP:

ThAT
DREQ 1 occurrence enable (SH side only).

0: OFF (initial value)
1: ON

MONOQ:  Sets stereo/mono
0: stereo (initial value)

1: momno .
. . 4 0
When set at mono only registers used for mono are valid. . .
Vi, e
e U'a:'m
RMDO | RMD1 | ouT _LMDO jLMD1:| OuT S,
D D DFF ﬂ '} QFF -Q-.E-% = gf:" '\-Q%?ﬁ;‘ o
2 ! R 0 1 A L
1 D L 1 ':I' L B, Eiﬁﬁﬁ,ﬁa
1 1 ﬁf.'l 1 1 nﬂ ?;?, ‘:‘E-g& s
setting ‘ settingl: & e
o = "',\‘g"’ B
Voo S W
o
o
Neither can be set to Ea:h or Rehi:,

. Cycle Register: base clogk'f =23.01 MHz (fixed):

W-EB'-&Wﬁ& b

ATIM O ~ 3 sets the PWM time interrupt interval as well as Ethe ROM%EJ PWM trans-

5«:--: -:'-3:&

fer synchronization. Interrupt is prodiced by: o, L7
S T, g e
H'ﬂ‘ i
m@mﬁﬁfﬁﬂﬁg* "nggﬁ
gﬁ S
(cycle r-gil%nﬁ%ﬂ-ﬂu- X chi b
-\:-'-\:-'.-\:-' """'H’W-'
'bmw :--az-:c
-'R:-a-' 5 e
- sgﬁ ﬁ qu'. o
5 . : i g
+ Cycle Register N 4 1 W & e
A, i.-:-%.p? b eH] -] @é’
éﬁf*ﬁ‘é&ﬁ e, ol =
& e W
i, T

D15014&§D12[ﬁ?%@9 D8 D7 D6 D5 D4 DI
'-Eﬁ'-a-b s A
AW

ﬁ !

Y
e
s

A15132

The set value x cyc becomes the cycle

NTEC BScyc = 1/23.01 [MHZ] PAL Bcyc = 1/21.8 [MHEz]
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¢ L ch Pulse Width Register

1S D14 D13 D12 D11 D10 DG Da
AW

D7 D6 D5 D& D3 D2 DI DO

A15134 -
The set value x cyc becomes the pulse width.

¢+ R ch Pulse Width Register

DISD14D1aD12DI DIO DS D8 D7 DB D5 D4 D3 D2 Dt
le SR

DO

A15138 g iy =5,
- -g-;-ﬁ Sl
e s, i
e Mk s
o el el
HEin, e
The set value x cyc becomes the pulse width
R, ”3'3 -
R et
N L S ([ un
S, F -
e T ) e
o e, LR e,
e e e ] Wil
S, o
+ Mono Pulse Width Register .
S i
e == =
S e =t
e .-c« eideER .
ﬁ. H-i;:-ﬂ-"ﬂ-’
S
DIS D14 D13 D12 D11 D10 D2 D8, E?H% DE 04 D3 D2 DI DO
R ?;? .-:-.-w- .--:_-.-;
N S e
o e
e S P =t
A15138 = e A
&&&w»ﬂ% =-$-ﬁ H-;:‘?“" ""*_*‘ﬁ
i Fi i
e e
L e
e, -\:--c:

The set value x cyc becomes the Fulﬁﬁﬁﬁth N
If writing to this register, the:same value is written tﬂhﬂﬂ}M*

E e
-ab-‘ﬁ'— g b:da-ﬁ- ««M"
Lor- 2 o e Py e
o S e et na
e A e s i
”‘{'—MMMKK@H»W## sy R,
= S =] e T
Ee 3 A -:.: e
: e AR W g
k=0 e ey B et e e et
o SR N T, A e L Aot
o R o et ] s
ot it !i! = e F
s A L e [
bt o TR = e
L S E-=3 o g i
Ay hble Bl o=t e £ *@-3
s e e e & o o
e e e e E e
el A i e i s R
S S R g
= o . L
L ::-:-Juo-ci:-:i:-i-.? R
St e ety A
iy 3 el i =
A e =
gk = e
LW
e
Sl
met
R
e,
"'&&&1
e
ey
i
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SH side SYS REG

. + Interrupt Mask

MsD4D1IADI2D11 DO DS DB D7 D6 DS D4 D3 D2 D1 DO

HRead Only RAW
4Dﬂﬂlmr—lmi—l—l—mlH_ENl—iw—i—lmv [H %wl

HEN: H INT approval within V Blank
0: HINT not approved (initial value)
1: HINT approved
H: H Interrupt Mask ﬁ;f”:?ig:
0: Mask (initial value) i
1: Effective i il
V: V Interrupt Mask ””:§
= 0: Mask (initiakyalgie) o
1: Effective E -tf
CMD: Command Interrupt Mask ’”Jimm

e

0: Mask mm.;al w.rgiagg;“

""‘“-H K'\.{

1: Effective 0. 9 & N

.-:.-\.-.-\.--\.- ﬁ

PWM: P‘fﬂ-jtmﬂihterru Iﬂiﬁk
. 0: Mask & Wﬂvalue

:na--a-.-\.--g;.x. “"ﬂ'-ﬂ'-@&:ﬂ.».@

1: Effectivess s & -
Cart: Cartridge mr&gﬁﬁﬁmun D i &

U: 12 igsexted G &

1: Erm.tumerted LS W o
ADEN:  Ad#pier énable bit Ly -

f&&:,%gxt@eprﬂhjbitgﬁﬁigﬁ_ Y

£ B2K use allowed .
A FVies, iEra.n'llg Buffer ﬁcces@?ermmmﬁi

1
" H-\.a.

A7 O ¥ 4
4 . 09MD (initial value) &
i E'ﬂa- Ew-a-'ﬁ.n. : 33}

s
:ﬁ.: y &%9 SH i
i

D0 ~ D3 have Eep ar: gd registers in master and slave. Switching access
permission is done sunultane-ﬂusl}r to writing to the FM bit. Therefore, be

aware that the MD side will switch even while accessing the VDP.

40

CONFIDENTIAL PRO OF SEGA




+ Stand By Change

D15 D14 D13 D12D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 DI DO .
Write Only

4002

Use with system (Boot ROM). Access to this register from the application is
prohibited.

¢+ H Count (Access : Byte/Word)

D1§ D14 D13 012 D11 D10 D9 DB D7 D6 DS D4 D3gley,DI DO
R/W

4004 i

-Sets H int occurrence interval,
0 = each line (default)

+ DREQ Control Register

H?H:Wﬁ

D15 D14 D13 D12 D11 D1u_ﬁ‘ DH
Read Only

4006 FULLEMPT] === | weee | =

Full: : Fra&"%ﬁﬁ”uﬁer, Right éad@?uu«
T 0 Space Tl L

«di,No Space % i ¢
“ Frame Bu%&giﬁﬁ“&e Empty

«-:r:-a;:

¢ 0 Data-m ﬁ%
: I Nﬂ%ﬁ E:;f &

Fa T v
&:gi Fa ™ For others see side
e S
i
+ 68 to SH DH%Snum Address (Access : Word)

DS D1 4D13D12DNT DO D9 DB D7 D6 D5 Da D3 D2 D1 DO

Read Only
4008 S High Ordar |
400A Low Order 0
See MD side
X Hardware Manual 41
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+ 68 to SH DREQ Destination Address (Access : Word)

. DsED1aDi1aDizDI D100 D8 7 D DE D4 D3 D2 D1 DO
Head Only
H'rghDrder

4000 s |
400E Low Order

See MD side

+ 68 to SH DREQ Length (Access : Word)

DI DaDi3DZ2DIT DIODS DB DY D6 D5 D4 D3 D2 Dt DG

Read Only V. . Y

4010 | o]
v B

g
. -ﬁ-»».qﬂxi. ”g';
MD side B, e
-\53—“ e i,
= s :
=T T
“:‘5##«. -:-i-
s =
A

+ FIFO
i

e
e pE,
ﬁ' A e
., Lhat ‘Q"‘H

D15 D14 D13 D12 D11 D10 D8 D8 D7 D6 ns**ny D3 D2 DI DO
Read Omnly & o G

?:’:
4012 ) ﬁgw e .
ks S %
. b A | @
ar o i
= b fe]
See MD side % U &
. a-*-n- S
;_E. :-;315 ‘?'b'q‘
et
=k 'ﬁ"‘\? R % -ﬂ-’-ﬂ-’-ﬂ-
+ VRES interrupt Clear = {A::gﬂ w’iﬂm&¥
':ﬁ:!d:!rk-
iféffmgﬂ a:ﬁ-ﬂ-“
-h:-\. ﬁ_;'ﬂ' ?i;
L

A, o

D15 D14 D13 D12 D11 D DI 08 %? D6 D504 B3 D2 DI DO

i ly & & .
4014 Jis. W i Hf =
e —t
§F w
i
Clears VRES mtem.im;% ltglrﬁ: cleared, interrupt will continue indefinitely.
i,
o,

e

¢ Vinterrupt Clear (Access : Word)

DI5D14D13D2D1T DO DS DB D7 D6 DS D4 D3 D2 D1 DO
Write Only

4016

Clears V interrupt. If not cleared, interrupt will continue indefinitely.

I %

¥
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+ H Interrupt Clear (Access : Word)

Dis D4 D1igDizD1r D10 DO D8 O7F D6 DS D4 D3 D2 D1 DO
Write Only

4018 [

Clears H interrupt. If not cleared, interrupt will continue indefinitely.

+ CMD iInterrupt Clear (Access : Word)

D5 D4DISDIZ2DNI D10 D9 D8 D7 D D5 D4

DO
Write Only
401A
C].E ars CMD intenupt If not Cl‘EﬂI‘E‘d, inte Tl G i G mdefwtle;}"

+ PWM Interrupt Clear

D15 D14 D13 D12 D11 D10 Do
Clears PWM interrupt. If indefinitely.
+ Communication {Ass: Byte/Word)

AW

See MD side

diware Manual
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+ PWM Control (Access : Byte/Word)

. DIs D4D23D12D1 DO DS DB D7 D6 D5 D4 D3 D2 D1 DO

w030 [T T VIRV =T ponuogneiiolaen

See MD side

+ Cycle Register

DI D4D13D12D11 D10 D5 D8 D7 D6 DS D4 DA D2 D1 DO

4032 o G

-

R e
s
L
-
=

4036 o

+ Mono Pulse WidthRegi
D5 D14 DI2D12D11 D10 DO D8 07 D6 D5 D4 D3 D2 DI OO
R
4038 -
See MD side
a4
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VDP REG MD and SH Common

+ Bit Map Mode (Access : Byte/Word) .
Address Di5D14D13D12D11 DIOD3 DB D7 D6 D5 D4 D3 D2 DI D0
MD SH Read Only BAN BAN W B
A15180 4100 PALl—]—1—]—]|—|—|—IPRI{240| — ] — | — | — M1 ] Mo
M MO Mode
0 Q Blank
0 1 Packed Pixel Mode
1 0 : Direct Color Mode
1 1 FRun Length Mode _v;;::.gh
240: 240 Line Mode (Valid r.:unly when PAL)

0: 224 Line (initial vai:ueji
1: 240 Lime 78

"-F‘

Changing cﬁﬁﬂni}' be dﬂne within V Blank
PRI: Screen Prmrlt}r {&xplaﬂled later)

#####

0: MD has'ptiority (initial value)

-J‘F dein

1: 32X has priority
Change can be déne mt;mm but is valid from the next line.
PAL: TV EW{

e o e e
e e e,
'-:--:-ﬁ -:'-:‘? i iy
i e o ety
- el e JLE
e e e Ty
e R oy ALa
o o P
Lt e e
. = == = S
pl- C e B ot e ol &
+ Packed Pixel Control {Ams : Byte/Word)
N s el =5 ot
o s e e
e e

e e e
TR
R A o T R e w< {H{+

----------

Address D15 Da4:D13 mﬁ D11 D10 DE. E& ﬂ? ﬂé D5 D4 D3 D2 DI DO
WD SH . Py e

A15182 4108008 ]| =mfiom | o | == | o] wesifam fio | = | | e | = | = | SFT
Sy g SPT: Screen dot left shift (explained later)
0: OFF
% : ON

Change can be done anytime but is valid from the next line.

32X Hardware Manual 45
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+ Auto Fill Length (Access : Byte/Word)

. Address DI5D14ADaD1Z01 D10 D9 DE D7 D5 D5 D4 D3 D2 D1 DO
hMD SH B
A15184 4104 = St

Word length (0~255) when DRAM is being filled.

Note: The Auto Fill funcHon will be explained later.

¢+ Auto Fill Start Address (Access ; By‘lt‘:anrd}

Address D15 D14 D13D12D11 D10 DS D8 D7 D6 DS D m '!;;z m 0
RW Ty, R

MD  SH
A15186 4106 [A16]A15]A14] A1HAT2[A11IA10] A9 | AR AT A6 {ASTAd [ AG] A3 [ A1

sets the lead of the address you want to fill. A16 ~ AS ;mnamﬁs Eet but A8 ~ Al are

incremented at each Fill. 2 4 e
r 2 -f
(Access fw- Wﬂ%&} o

'i {

. + Auto Fill Data

Di5 D14 D13 D12 DN D10 D8 D8 D7 P8 D5 D4 D:a B D.& Di;t

Address
MD a4 2 RW T,
L e e L Rt
A15188 4108 | Emeui T
""""i'ﬂc'ﬂ'-a--a--a;:.-. ol gy
'\-x fAR e e
-5--:-:- 0y w ""
- el
=

Sets data to be filled, The Fill Q:FJEEEE’.EU;I ‘r‘?’ili begin 'r:@' E-Efti.ng this rEglﬁtEI

i -1
-: ] 3
. _3? -\.1. el 2 7 ol
3 ety e st ) wE Sy
e L R, 3] e
276 - e = A
g " el M= e
. 5 ol
Fve
iy o e
5 b B oo N S
e i
i g e
" -'.?-'
=t b,
e
SR
G
TR
et
el
S
e
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¢ Frame Buffer Control

Address

VD SH Read Only

MSD4D3D12D11 D10OD9 DB D7 D6 D5 D4 D3 D2 D1 DO

A1518A 410A PBIKFBLHPEN] — [ —T—

FS:

FM:

FEN:

VBLK:

HBLK:

PEN:

Change of the FS Bit is possifile only during V Blank I{VELﬁ,

Bit, FM bit, and perfﬂrm

—T=T=T=TR

Frame Buffer Swap

0: Transfers DRAMO to VDP side (initial value)
1: Transfers DRAMI to VDP side

Frame Buffer Access Right

0: MD (initial value)
i

Frame Buffer Access alﬁhnnz&ﬂm
(. Access allowed {uuhg! valﬂé]
1: Access denied ™.

V Blank

0: During’ &
1: While Blank
H Blank

0: Duriag d&pﬁ%&pmnd
Insz WEQBIE.I‘IJ(

“““““

ﬁxgﬁﬁﬁE&PPm“Ed e,

fet A :!- Lk
1: Acn:eaaéﬁerue-d & o
h -!.-c

L o S o .

?
e,
"“'\.g.-:

SRR s
'5+'?ﬁ-+~dq
iy

a!f PE“?lDd

x’ i +'x
e

d _s-b::m:-& 1::'b=b-2

dﬂmg H and V blank.

The bit map mode cmfﬂw.ﬁ atanytime 3.&.;11&11:341 the direct color mode as well as

Blank. P &1
G, B

NNNNN
ﬂﬂﬂﬂﬂ
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.
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When changing FS
FILL, be sure to access the:Frame Buff after confirming

S B

that FEN is equal to 0. Pmetté%cé“@“ss 1s poss;;ble nr%ly
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VDP

. + Data Format

Run Length Mode

MSB

LSB

8

8

Length

Color Na.~

Length is the display dot number minus 1.

1 dot wh

en Length =0

S
SR e
ok i
A P
] i
o o
e, Giss i
Lt
w N
: s +
e E'H": e 1o
o e
e :
| =
Packed Pixel Mode Vg
--ﬁ”fﬁ‘?hé o
e T, i
e e ke
d e
o g
'+ PR
MSE dot0  doti LSB Hek :
s e, o
En S o
R :H.""
E E g
“:“ﬁ'i-': el
B Gty
'f o SR,
= i-'bﬁ-:k;:b:-'ﬂh
Color N A W™
B G au
b = s foai
5 - 9‘$ B
e Fro i
S = £
e 2 4
s i e
e ey ﬁ_ﬁ__sw
A el
o o o
E ol i,
S:E -‘ﬂ'-ﬁ:-' 7 sl ey
: E ? i S LR sy
Direct Color - y .
ST i e o
o Sy g
S T S =
-a;'\::'ﬁ-:}ﬁ-\{'..c.- vi =5 S El_ i)
Vet el 1-;-\.- q;; }.:.:
e =
MSB___ . vy
v'?-f?h,.- S, e
£ 2
‘T 5 : % 5 5 R LT e ‘_%E'k
s S, e S
] ﬁ"é: bt
m:-u el :,.-__w H i S,
% i,
5«3‘—@-.-:@.,»-@- R_: S 5,
B = s :
i o, el :
i 5 Hk““"‘-ﬁ{"“— - b
L - -t st B, i
T - e o
s g i 1—’%? L
g & & o 22
; : 3 = ﬁ
E\H‘ i I "‘-';é:- :E— o
o, - e 2 203 Eﬁ'
e g e S £ g
s e s e -
s W i i &
{-:x q = ﬁ._fc.-a.ﬂg_.p:- '\-:3_,\.#-;-;
=5 -, m.':-“é'?
cked Pixel
Color Data when g;j an w
S a-m
Ak,
T
Ble-— =
e
o
%
i

Through bit
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¢ Priority

VDP Register PRI=0 PRI =1 .

Thraoughbit =0

Throughbit = 1

Throughbit = 1 Thruugnhit =0

¢+ DRAM (FRAME Buffer) MAP

Line Table
200 s

320 321

$ Display Region <«

SFT=0

SFT=1 —————————— Display Region @ |

Hardware Manual
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Because address data that is set in a line table is in word units, it can only change a
table in 2 dot units when a packed pixel. Therefore, to change the display position

' by 1 dot units, use the SFT bit (when performing H scroll for example). Dot shifting
. can be done only in screen units.

+ Auto Fill

This function fills the DRAM (Frame Buffer) with page (256 Word) units. Please be
aware that fill can be done Dnl}r inside a page.

Ex.1)  Stat = $0022A
Length  =SE3
Data = $AA
Start $0022A End $003F0 & .
{ LEI'IQ“"I $E.3 *%:ﬁ;_ﬁ_ xﬁﬁai;g;gg;.
$00200 )i
| [ :
Ex.2) Stat = $00280 amy &
Length = $E0 y 4 - S
Data = §55 S e e
$00200 End $00240  Start $00880 % 500480
c ® ’ x P
55 . suire
Fill Data = $585

If a Length value is sef that & exceed§the page, as in Exam%f’ then the address will
return to the head of the Eﬁiéw

VAL,
3:-::% p-\,_q:p'

Auto Fill Address rewser%?alues as shown below.

DIS5DM4DI3DIZD11DI0ODS D8 D7 D6 D5 D4 D3 D2 D1 DO
A16TATS[AT4] AT ATZ[ATI[ATO A9 ] AB] AT AG | AS|Ad | A3 ] A2 Al

|@— Remains set —@»}@— Incremented ~—p»|

Fill time calculation formula 7+ 3 x Length (cyc)

. . NTE8C B8Scyc = 1/23.01 [MEz] FAL Bcyc = 1/22.8 [MHzZ]

50
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Precautions Concerning VDP

* When accessing the palette RAM during the display interval .
(HBLK = 0t and VBLK = 0) in the packed pixel mode, there will be await until
entering Blank.

* The internai circuit ignores the access of a CPU accessing VDP that does not
have permission for VDP access by FS bit. Be particularly aware when
reading that undefined data will be readout.

e The four areas that receive access control from the FM bit are the Frame
Buffer, Over Write Image, VDP Register, and Palette RAM.

The development board halts access of the VDP by the CPU that does not
have permission from the FM bit to access the VDP.

S
o e
e A
) U,
= o
B e
= o) it
S o e
L LR LR
3 el Lty
= S S e
B L e
e VL
WA
e
g R S
LA R L e,
L] o B L i
e o S,
et 3 e
S e
G ke
L L] LA
Ee -
] o
ST
By e
L e,
E ] L S
e e "
= P LR
o Som b EIC=EE
. = E=X-12
e - =T
P : et =
2 e A i B
L Fo e i T
e S e,
o Ty e
g R bt
LR el P R
et e ]
ot et B s B e
s T L T e
R o e e o
R i Anr b o
S g ]
At i S
fed Lk Lree Lk
i R ] o
e S Rl e
o o e
S G i
e =hhe - i
wek ST e S
fk R, -
= i S
- e = Wi
e e - =
T D S O e, LY LS UL
o R e e e R A A A e e
R b e e
T i e P e
f o (R e e
E ek e ek ha
i e e n e i .;.,_.ﬁ"’“
=t ST Fakohd - =
el ey R Jienim =
3 ger & g e
s o e =
Cp] o b e T
s e b g rs o
. g ol e s P
ATt Jeddi, b i gl e
o o e it E
G L S T e e
= A LT i e
-] A, i
e :-\. o e
e e i
e o g R S
e L e L w
A i o,
e e
A e
AR
N e
i
e
e,
E
e
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Access Time Table (These may change depending on the development situation
hereafter.)

. Sclk = 23.01 MHz Velk = 7.67 MHz

¢+ ROM Image Area

Read / Write

SH2 min. 5  Sck wait
max. 15 Sclk wait (14 Sclk wait when reading access of 68K that is in

an interval)
68K min. 0  Vclk wait
max. 5 Vclk wait o Y
¢ Frame Buffer e W
uw%“ e
e : T
Read Write &, & W
SH2 min. 4 Sclk wait 1 Sclk wait .
max. 8 Scllk wait 8 ﬁ;&%&k%ﬁ’
Read / Write " 4 gﬁw :
68K min. 1 Vdk wait - B4
max. 3 Velk wait g7 = S
T .
G gl P
@ ssrec w %
& o -
et % | g
Read & Write . W 4
SH2 1 Sclk wait 1 Sclk Sveit. . "
o Sy AT N !-!+ i :;'ﬁ'? i
8K 0 WVclk Mg‘iﬁ%WE ¥ 0 Vclk wat
— -7
.g-\:-' i m_c £ .?‘b :-'g-;:-.-
+ VDP REG i gy § * - .
A %% ‘;ﬁ? % -\sﬂ? :::E Py
. T W A
{;ﬁeadﬁ?%wa - Write %ﬁ’gﬁ%

SH2 4 4 Sclkiwait 4 Sck wait

i, ol I :
ARK e Velk wait 0 Velk wait
W,

¢ Boot ROM

SH2 1 Sclk wait
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Precautions When Using SH2 ICE

The following restrictions apply until you are able to change to the latest ICE (about
& months). .

o ALl SH7604 E7000 V1.0 restrictions are in effect.
 SDRAM cannot be accessed by the cache through.
* Data cannot be properly transferred even when treating SDRAM in the
DMA source and the destination in the SDRAM by DMA.
* With an Expansion Board:
SH ROM access has a minimum 6 clock wait (8 clock access)
SH VDP register has a minimum 5 clock wait (7 clock access)
¢ The current SH2 ICE cannot access the SDRAM with cache through. You
must be careful when read/writing data by bothimastér and slave since the
cache can not be turned OFF. The SH2 ﬂ%l chi ":-_. rzﬁt occur in the
problem mentioned above. T, S
* VDP REG and Palette have a minimum 5 gloc -

Mote:
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