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Introduction

This manual applies to the development of game software and explains power up booster
. “32X" hardware functions for the MEGA Drive.

Manual Configuration

This manual is composed of the following chapters.

Chapter 1 Introduction to the 32X
Introduces the main function of the 32X.

Chapter 2 Configuration
Explains the hardware configuration and purpose of MW

't'\-c

-\.
e -+5

Chapter 3 Functions T W
T

3.1 Mapping i,
Explains the layout on CPU address space.of eﬁﬁh@r&%m part.

3.2 Registers ﬁﬁ%ﬁ»féﬁ %
Explains the meanings of register and buj% tion sequence and address,
also set values. g v

33 VDP L4

Explains functions as image d@?mmﬁ%&gﬂm shift, character overwrite,
and Fill. - ﬁ =
. 34 PWM Eﬁmﬁé ) P

=

o8

Describes the PWM sound source and.the PCM daﬁplajémeggod
35 5H2 B &
Explains the main CPU feﬁilres and its mmmmpn;; w the MEGA Drive.
ﬁiﬁﬁﬁﬁﬂﬁmﬁ' _pg E&?ﬂ' o
Chapter 4 Accessing the 32X BM }3* AR &gﬁ
Explains about re -f‘:-: s-and buffers thﬁ can %& actEssed from each CPU, the
method of ‘g& < o¢ _s:-i5+ aa%?’thnnt_‘,'; and 'ﬁ%ces
3 Wﬁa .:E.:; %g,@ ﬁﬁ'
Chapter 5 MlStElla.gelmus ai’ﬁﬁ“ﬁ%w L 4§

51 Boot ROMad

Explains me{mﬁ from when the power is turned on until executing the
application.

5.2 Security

Explains areas decided by previous uses of the cartridge ROM.
5.3 Restrictions

Explains cautionary points in creating applications.
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Terminology

RISC (Reduced Instruction Set Computer)
This computer architecture improves performance by simplifying instruction specifica- .
tions and has simplified hardware achieving a high efficiency pipeline (parallel process
of instructions within the computer).

SH2 (SH7095)

At the core of the RISC-type CPU in the Hitachi original microcomputer is a 32-bit
divider and cache memory.

Cache

The cache is comparatively small size high-speed meﬁinry pla

laced between the large size
low-speed memory and the CPU. When data of the address |

%aﬂ:ﬂﬁ&ed by the CPU

is stored in the cache memory, it is referred to as caq@;e hl :_'1_;5: d b&ause the data can be
accessed, the CPU can be operated at high speeds. When address < data of to be accessed
by the CPU is not stored in the cache memory, it is referred:to as cache miss. The con-
tents of the cache memory is replaced by data%t% nain memory.

SDRAM (Synchronous Dynamic Random Access
The SDRAM differs from the typical D
once. This is independently 5}mchr }
separate from the internal DRAM ope

;_ ataofa two line address is held internally
cg'k and transfers continuously

DSP (Direct Signal Processor)

Signal Processor containing a high-spee

DMA (Drivect Memory Access) -~ &
Transfers data directly betweeri the meé
memories without gmn g through
(DMAC).

Master / Slave
Refers to the priority order of use authorization of a bus to which more than one proces-
sor is connected. Master takes a normal bus authorization and slave obtains permis-
sion of the master and takes bus authorization when slave bus access occurs.
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1.1 Introduction to 32X

The 32X is a power-up booster installed in the MEGA Drive cartridge slot. This adds

a bitmap screen of up to 32,768 simultaneous colors and stereo sound source that

plays PCM data to the graphics and sound of the existing MEGA Drive. Two 32-bit

RISC CPUs are mounted for starting screen graphics processing,.

New Screen Offered
Frame buffer 1 Mbit DRAM x 2 (alternating draw /display)
Maximum 32,768 colors, bitmap format
3 mode data format
Direct color / Packed Pixel / Run Length

= Scroll by hardware, no sprites exist F
New Sounds Offered = By, ‘1§g§$ﬁ£g;’

Stereo sound source that plays PCM data
D/ A conversion by a PWM mndulatmnggll;giwhﬁﬁan}

ﬂm-?.}
‘:T‘:ﬁgm ::-E-é
ngh~5peed Microprocessor e b:’:;%:g:;:?f*

Two SH2 chips for themain CPU ¢ %,
32-bit RISC chip with built-in %Eﬁs‘%ugﬁlafﬁ DSP

P
& P

e =
Memory % e Y )
e
o aRE e 3
4 Kbyte Cache memory (builtinitc the %U} F
E il
2 Mbit SDRAM (main memnr}r} o %"%? .
o Eoss ?
,, LN Vo
Development Language * -
C Language, AssemblyLangisage 2
' -'. ] w g
A, giviign,  GAY
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apter 2 Contents

2.1 32X Block Diagram ........ccccoeveerenen.., 7
2.2 About the 32X Block ........cccommersrnenns .8
MEGA Drive I/F Component ............ 8
32X Cartndge Component ............... 8
SH2 Component ......c..ccevceeicivinnns 8
SDRAM Component .........c.ou....... .9
Frame Buffer Component................. 9
VDP Component .........cccoceveeevemnen.. 3
Color Palette Component............... 10
FWM Component...........cccceeerennee, 10
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2.1 32X Block Diagram .

32X 1s made up of the following parts (see Figure 2.1).

* MEGA Drive I/F Component (I/F chip built-in)
* 32X Cartridge

+ SH2 Component

¢ SDRAM (2 Mbit)

* Frame Buffer {1 Mbit X 2)

« VDP Component oW
* Color Palette Component (VDP chip built-in) 5
¢ PWM Component (1/F chip built-in) o, e

e =
e
ke
+++++ A
S e,

These hardware resources (excluding the SH2 and SDRAM components) contained
by 32X are directly controlled by the MEGA Drive 68000 CPU. The ROM cartridge
can be read from both the MEGA Drive and:32X."Images and sound made by 32X
are combined with images and sound made bythe MEGA Drive.

e
L=
et S Pl =
e s =
e i i

-

o
L }\.\l

Figure 2.1 32X Block Diagram .

32X Hardurare Marnual | i
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2.2 About the 32X Block

The role and features of each 32X block shown in section 2.1 is explained below. See
chapter 3 for more information.

MEGA Drive UF Component

This is an interface connecting the 32X to the MEGA Drive. The 32X hardware
resources (graphics, sound, and communication with SH2) and cartridge ROM are
mapped through the MEGA Drive [/F in the MEGA Drive main CPU (68000) ad-

dress space.

32X Cartridge Component

The content of the ROM cartridge installed in the 32X cartridge slot'canibe read from
both the 32X CPU SH2 side and the MEGA Drive side ﬁﬂﬂﬂﬁ_{and;gsﬂ]. Neverthe-

less, SH2 has priority when conflict between the two exists.© .. %

e
e
e ! 33 5
e M.F‘f'-?.. o
B

SH2 Component o ﬁiéyw;gh i
. i s o

There are two SH2 chips as main CPUs mounted in the 32X, and the cartridge ROM
1s connected with 32X hardware resources (graphics, sous ,W%nmmunicaﬁcm to
68000) on a cornmon bus. The 2 SH2 units are fixed thé:master and slave by
packaged conditions; the normal master ge ts bus ﬁﬂ'ﬁm on and slave gets bus
authorization after obtaining permission of the rrﬁ%rgf% e time of bus access.
MEGA Drive hardware cannot map in SH2 address gpace. Cons sently, MEGA
Drive information is indirectly received by éémmunications with the 68000. The 32X
has a control register that issues interrupts from:68000 to SH2, i;%glFC};regﬁ&ter that
can send data written from the 68000 to the DMA built-in the SH2, and aregister
8000 and SHZ,M?EQS?@’% written

&
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SDRAM Component

The 32X has 2 Mbits of SDRAM (synchronous DRAM) as its main memory for the
SHZ chips . The SH2 program on the cartridge ROM is loaded in the SDRAM. then
executed. The SDRAM arranges 16 bytes and reads to the buffer inside the chip;
after which, in order to synchronize to the SH2 clock and transfer sequentially, all
data after the second data set can be transferred without any restrictions incurred by
the operation within the memory. The SH2 is able to rapidly execute data replace-
ment by combinung with the SDRAM when cache miss occurs.

Frame Buffer Component

Memaory that saves the display contents of one part of the color display is called a

frame buffer. For one screen, the display flickers when rewrite does not finish in V

Blank (vertical retrace line interval). Therefore, the memory is arranged as two

screens in 32X and a method is used to alternately switch bétween the update screen

and display screen. The frame buffer performs the switching operation with each 1
i, B

Mbit and program. FY e

VDP Component e g S,

32X VOP holds the frame buffer as a -cnnrrévﬁ%gen and controls the display of the
color display. This screen combines MEQ&EH%%HBII A, scroll B, and sprite as one
screen in the front or back. The following three - modes can be selected from data
formats in the frame buffer. ; L W £

s, e e
Pty - A ‘
i : T
i & AR,
Direct Color Mode = dehain R,

. o 4 o
The direct color mode allocatesé&eh of Iﬁgéits to 1 pixel on the screen of which 15 .
bits is used and indicates any culur&gﬁ%l,?ﬁﬂ colors. =

e :
Ca ey
iy iy
E S
et ey
- T

e oo A
e, i s

S o

-

o

é i
Packed Pixel Mode - b

The packed pixel mode:; ﬁé:fﬁ,t_g@}.gach of 8 bits to.

' gl on'the screen and colors
irectly indicated.

indicated on the color paletté.mentioned later and.
T P, &
Run Length Mode = & i T i
The run lengtlimodé alloca
| Qgﬂ‘&_g%u all

?‘gﬁ
;s

e

" 1
i i
=

= a - :-'t% i .-';i i i "
; allogates 16 Dits as a collection of identically colored pixels that
c.gntinue¢%#it]1 Iﬁ’%;haﬁml pixel in the directiopof the scan line. Pixel numbers that

ok

ol

are cﬂn%puﬁﬂiﬁ'%f the 16 bits and colors indicated on the color palette with the

remaming”ﬁiﬁﬁsk are indirectly indicated.

ey
B
R
Y

12X Hardware Manual g
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Color Palette Component

The color palette is a 256 word RAM block. When in the packed pixel mode or run
length mode, pixel data in the frame buffer selects colots (256 colors from among
32,768 colors) indirectly selected here in advance.

The color selection format is the same whether selecting per frame buffer in the
direct color mode, or per color palette in the run-length mode. One color is 16 bits,
of which 15 bits are used, and any color can be selected from 32,768 colors. The
remaining 1 bit is called a priority-bit (through-bit); pixels indicated by this bit's
color are displayed opposite to the MEGA Drive screen. For example, when 32X
screens are combined in the rear as a single scroll A, scroll B, and sprite screen, only
the pixels that indicated the color of this bit is displayed in front of the MEGA Drive

sCreen.

PWM Component

i
e
e i,
o) L s
]

PWM (Pulse Width Modulation) replaces sampling data with th@mulse wldth and

outputs the pulse w

be controlled by the pulse width. The 32X can regenerate in:sts

converted in advance for PWM.

idth. If output is through an integrated circuit the-amplitude can

ereg:PCM wave data

. B T
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A
iy, S
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Chapter 3

Function

........

Ghap!&r 3 Enntents

3.1 M-’:’lpﬁi!‘lg Iaeretmioies -
MEGA“DH'H“E MEI'HDF‘_," Map SRS

- E@_Mamﬂw Map .. S e
3.2 FIEgIEfEl’EW
i . System Heg:sters bt o TR F |

o i, VOP Registers ... e e e

N 3. 3e VDP .. .....::;“v e e A .
s : DISP|E}' Mm::l-e s e
Ling Tabra Fﬂrmat Qe i i St
Prority ... : : riE
o Dirggt: QQ'QI' Mn@e G I iy
O F’ach&dﬁxgj.iﬂnde._.-..._....___..._...._,._... 43
R Run Lsngthlmdeﬁﬂ
- el FURBHON (. 1

i . ' Clock Used by the 32X .......uneersenn 52
A 2. HElank and Display PEHU-EIE 53

i R VBlank&nd Display Periods ............... 53
P L WBP:Register Latch Timng ................. 54

: o W 34 PWM . e i b
o, PWM Sound Source .. i B
i Functions of 32X PWM RN et Mo
Creating Wave Form Data................... 56

Cyele and Pulse Width Eeﬂmgs Allerl

a5 SH2. g e i A 4 S i i gt s

Master and Slaue R R e i

Cache 51

Purge ... R R et e |
DMaA, .. Sl

Maslar Slave Cammumcatmn i e

68000-SH2 Communication ................ B7
[RIETUIOL Lo s s s e B
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3.1 Mapping

The 32X hardware can be controlled from both the main CPU SH? and MECA Drive .

68000. As stated in the last chapter, the layout of each block in the address space of
both CP'Us is explained here.

MEGA Drive Memory Map

In using the 32X, the exclusive initial program provided by SEGA is laid out car-
tridge ROM of 3FAH or more and jumped by the reset vector. To map the 32X in
68000 address space, this program sets the ADEN (address enable) bit to 1, initializes
the hard ware, and executes the application. The figure below shows the 68000

address space immediately after the power is turned on and the initial program
executed. N

When Power is ON (ADEN=0) When using Super32X: %&DEN’&J}
“2}33“ .g*"‘ T Custmn Iintemal ROM
? ROM "[Vecior AOM = 00000000H { 00H
Cartridge G, } m&mzuﬂ: E:
400000H 00880206
008B0O20CH DCH
: . r |
FCH
Accessable when RV=1 .
Accessable when RV=0
P";’ 4 bank
T H i
TO0000H !
200000H |
300000H |
400000H |
‘; 11%%%]: m +. 40 i't‘;ig: & Sy 2% Super 32X 1D is "MARS"
- * in ASCIH code ;
A15100H B A15100H4 Magwal As
Ai15180H | Siap ﬁ ]Th W A15180H r REG
A 15200 v
A15400H Color Palatte
See MD Manual
Figure 3.1 MEGA Drive Memory Map
32X Hardware Manual 13
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ROM Access When Using the 32X

The 68000 vector area (000000H ~ DODOFFH) is assigned by the custom built-in ROM,

Because the ROM contents are 00880200H, 00880206H, 0088020CH,..., After 880200H
. (200H of the cartridge ROM), 6-byte JUMP commands are arranged into a jump

table.

Only when the RV (ROM to VRAM DMA) bit is 1 is it assigned by the cartridge
ROM to 100H ~ 3FFFFFH. ROM access from the SH2 at this time waits until 68000
rewrites the RV bit to 0,

When the RV bit is 0 access is from 880000H ~ 9FFFFFH to the ca riridge ROM.
550000H ~ 8FFFFFH is allocated by fixing 000000H ~ 07FFFEH (4 Mbit) of the car-
tridge ROM. In 900000H ~ SFFFFFH, a cartridge area of 32 Mbits is divided into 4
banks and accessed by the bank set register.

When the 68000 and SH2 are accessed at the same time, the SH?2 has priority. Other-
wise access is granted on a first come, first served basis: the second access waits until

o

the first is over. T W g
When the 68000 and SH2 access the same area at the same time, the SH2 has priority.

iy

Otherwise access is granted on a first come, first 5&:‘\?@@?&515: the second access
waits until the first is over. - =

1 1 gk
oy e
-"'1-\-:;5' s

th g

The MEGA Drive has a bank set register (A130F1H £ A180FFH odd numbered

g

addresses) for coping with a cartridge ROM that exgeeds 3?%1!5 The RV bit

should be set to “1” beforehand when acce here.@. &
e — T
f-{ “-_3’5.3&'#@' o,
-
. Access to the 32X VDP S |
The FM {VDP access authorization) bit must be 0 before the Méga Drive can access

the Mars frame buffer, overwrite images, VDP régister or color palette. When the bit
15 1, reads are undefined and writes are ignored. Color paléﬁ&-ﬁ;gcﬂessﬁa,ﬁbrds only,
- B, g T

i
i
S

iy
R, 8
not bvtes, . | W S W
i T D a
m”"ﬁ'ﬂﬂ.-‘?“ ek R,

T
e

v s

The frame buffer, overwrite image, VDR register, and:alor palette can be accessed

from the MEGA Drive side only wﬁ%t}m FM (VD] access authorization) bit is 0.

When this bit is 1, reads are u.tﬁﬁne%, and writes ate ignored*Color palette access
. T

o : ST ] el
is in words only, not &_ﬁﬂﬁﬁ{é byteaccess. - 4
e :'_3:'.& q.h_ "'i.;.ﬁ'.'-'\-.:i.-
‘E‘}%ﬂ ...:f:.ﬁ %%%ﬂ w
W, & 9
.""'EE"..: M;_‘E_.\,
-\Ng: £
=
14
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SH2 Memory Map

The 32X has two SH2 chips mounted to a common bus. Consequently, memory
maps of the two chips shown in Figure 3.2 are the same. The SH2 has a built-in
cache memory for increasing the speed of command and data accessing. Access of
identical components of the 32X can be accessed by two cache/cache through ad-
dresses. In cases of the cache address, if is read if data of the address to be accessed
is in the cache memory. If not in the cache memory, is read directlv from that ad-
dress, and the cache memory is replaced by the data. f

Cacre Though: Addess Cackhe Acioiesss
20000000H DOCO0000H
Boot ROM _
20004000H 00C04000H e
Super 32X 3Y S REG
! 200041 00H DOC04100H
: : YOF REG ;
26004200H C00042C0H P }Eannﬂt bedccessad when FM=0
20004400H DOO04400H a D __ _ __ _ - Color palette can access only in words
22000000 H 20O
ROM Gﬂﬂﬂﬁﬁﬁ | ¥Cannot be accessed when AYs1
22400000H 02400000H S
5 24000000H  O40GOOOCM _—
: Frame Suffer 3 :
24020000H  04020000H T 1.2 Cannot B8 actessed when FM=0
i varwrie imags B -
24040000H  04040000H e - .lf_ word wete FiFQ
| 26040000H £ 08040DO0H
2B000000H QRRO0O0CH
Figurs 3.2 SH2 Memory Map
22X Hardware Manual 15
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Cache Area Access _ |
Cache memory is memory used for rapidly supplying commands, operands, and

data to the CPU. The 32X accesses the cache after commands land data are lpaded in
the SDRAM. In 32X, after having loaded command and data into the SRAM, t;e
catch access is performed. The 32X system register and VDP register, a:'hnmng I;JU :rs,
must be cache-through accessed because values through the VDP or other re
replaced and the contents of the cache can no longer be guaranteed.

i?;ﬁrltz’[d:i::r? ::1-: ?GSFRDM to VRAM DMA) bit is 0 can SH2 be accessed t[.] the c:al:—bﬂ
tfidge RAM. When the RV bit is 1 and if accessing from SHEI to the cargndge Rfll .a
wait occurs until 68000 replaces the RV bit with 0. The RV bit from SH2 can on y

read.

32X VDP Access s - o )
Only when the FM (VDP access authorization) bit is 1 can t_l_:e Haﬁﬁg buf%i mn:;
write images, VDP register, and color palette access from theé JS&I;IZ%:?‘EH:? en Enl
FM bit is 0, read is undefined and write is ignored. The color palette can access only

n
g e

1 s, ER
in words but not in bytes. o & Ry

S, et

The tframe buffer and overwrite image have 4 word wﬂi@ﬂ’l}:{) ﬂ_fid _can4ertfd1;13r
clock cycles. Five clock cycles are required when cnm@uoﬁ%ﬂnhng W

SO

e A
SR R,
b e e
more, i i S
s i
= e e
e Ry SE
R == P
e 2-'-!"‘5\. Ll
i Sy
2 g TR Y
e Ry
ko fo e e
= L ot i i
e A wkd #Qﬁ”ﬁzikm
S i 15 S5 e
R £ e o
P L i =
et by i
-:»P-gﬂ o e .
. - o 15N
e G ;f ;:I
PR i i P
T e
R A xﬁ
. i, =
-g-:?a- TR e ol
-] e s alE Vi irn
T o e i
i k- e e
o e
- Gfﬁﬁﬁ-ﬂ:ﬁ-ﬁ-:’&;ﬁ;ﬂﬁ,ﬁg L, '\fa. : »3.\@ =
.b&mmﬂ-w»&-&-ﬂﬁ At :+ Wb-x »iz
o R wek sl
gﬁ e ety e
: P R
Lo, T, =it Lty E:w
G e, SOt 25 o
/ K E £ i
b I¥ A 7 2 s
it o prr]
o iy o Hheea _‘}g-&_
i e e B, = 55
oo = i 9 i
s, *#Egy e i den
e o e
D el o £§?
i i 2 o S
£ e o il L
S R e !
e e =
] R e
i e Sy
i

L
o

s

i
g
e

16

ONFIDENTIAL PROPERTY OF SEGA
CON




3.2 Registers

32X registers are classified as shown below. Meanings of the address and set value

of each register are also shown.

32X System Register
IMEGA Drive]
Abile 10 use 32X

Adapter control ragister

Issues interrupt for SH2
Interrupt control register

ROM cartndge bank switching
Bank set register

Transfers data 1o SH2 DMAC
DREQ control register

€8 to SH DREQ Source Address register

B8 to SH DREQ Destination Addrass register ME

68 to SH DREQ Length reqgister
FIFQO register

Aefresh signal output to cartridge
register
SEGA TV register i,

Communication in both directions wit .
Commiunication por register

Control of PWM Sound Source %’;@,

AR i T

PWM Control register
Cycie register
L ch pulse Wiﬂ'ﬂ‘l re .

Mono pul

32X Hardware Manual
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[SH2]

interrupt control for SH2
Interrupt mask register
H Count register
VRES interrupt clear reqister

_ Vinterrupt clear register

H interrupt chear regqister
CMD interrupt clear register
PWM interrupt clear register

iﬁ-?“— mw‘aa-
:'-b-:na-'\-a-

32X custom ﬁampnnéﬁt activation
Sﬁﬂby%n&u register

i
o
-"‘:-'\-a-'\'i'L

ve data
-ﬂﬁiﬂﬁﬁ%ﬂ by.DMAC of SH2

"% DREQ control register
"ﬁ;«gﬁ DREQ Source Address register

G8 mﬁmﬁﬂ te 5H DREQ Destination Address

::.3_.:_ ﬂ ]
.-

ﬁ to SH DREQ Length reqgister
i FIFO register

BT

'H‘-‘ .,N.ﬁ- M:-x
et

" Communication J;rbnth directions with 68000

%

o Comminication poff register
% ,ﬁ P d
-:-\: Wﬁ%&.“ : ?Lﬁf—
Enmrﬁ of Enu nd Source

ng‘&ﬁ%ﬁr register

%%“ “oLycle register

@ L ch pulse width register

& ulse width register
e

wﬁ pulse width register

17
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VOP ragister |
Display mode selection

Bitmap Mode register

Frame buffer switch |
Frame buffer control register

Sicreen shift |
Screen shift control register

ata fill for frame buﬁ‘er_
Auto Fill Length register
Auto Fill Stant Address reqister

Auto Fill Data register

e

Sl
e M,
e e
Il:l.l R
=
wa :
oy LA "
e = i
e R et
o o i
i S
e ke
S
i,
' ey
Sehoa, Lo
R R i
KR s
oy e Sif
e dosa e
T, e, W
ol i o
i e, L
A, Bk
el pe=c
T e
oo TR
e ] e
g e, =
= el
Fe R o
S - A
L. S S e
o me =]
) . e e
e i B
S e e ey =
i O
e o S
i e ey :
i S
S P i P
= ST ey .
ik o o S =i
SR el S i e
e e Foec o =
- SR e o
i -] i
e i) i s
i e s e, " e
. L e STy
i) e .
e Vo i
o 15 Ve
S e, B o
e T e
=] ek i . S
k- R - L S
i = e e
i & i
.aq-“%a-u-\:-q.ﬁ-v.vﬁ”?.“ i S
-'it-.-:-.s-.'\-a-a-mkx&-a‘:q:a.-x-s.- 1 L.
- -'\.-'\--'\-'\.'\.d'\--'\-:,:* . +-\': .q:-s :
- S T
ko LS 20
2 P e, St
Shp e S o :
S el i, e s S
e & ¥ Sy i
e = = B Fii i
ot S = ] o
fon e oy N iy e
o o S e, i 5
e el ] 4 e i
o AT i o 2
s, W, s 4
L e o
4 R SR % f_h::a
et e i
i o R o
L SALER
i P
s i -
=, Sl i
R e
VO [
i .
Rl
S
M,
NN
e
o
s
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System Registers

IMEGA Drive side] .
Using the 32X
* Adapter Control Register (Access : Byte/Word)
Bit 14 13 12 11 10 9 5. 4. &t R i 0
MDD Sida Dnh.r
ATBI00H A f e i e e e L e e e i —————%
FM: VDP Access Authorization
0: MD (irutial value)
1: SH2 o
REN: SH2 Reset Enable & =
0: Disable Ta, B
1: Enable LV
RES: Resets SH2 Egﬁﬁ% “bwf%éeh
0: Reset %E:Ei “’f.

1:

ADEN: Adapteﬁﬁxﬁmt
9FProhibits use of 32X

B

ﬁl Peritits use of 32X (initialization by the initial
P Dgl'ﬁ'l ChangeMﬂJlﬂWEd }
.-:E':':-
s Ha 33: s,
e ki e

Switching access authﬂru:a%n is done while w%ﬂghﬁﬁ{ bit. Therefore, be
Re FM Bitris done h}’ MEEA Iﬁtye while SH2 accesses VDP

32X Harduware Marual . 19

CONFIDENTIAL PROPERTY OF SEGA




Interrupt Issued for SH2
* Interrupt Control Register

Bit 15 14 13 12 1
MO Side

(Access : Byte/Word)

A15102H

Slave SH2 interrupt command

0: NO OPERATION (initial value)
I: Interrupt command

Master SHZ, interrupt command

0: NO OPERATION (inut value)

I: Interrupt command

INTM:

Sl
‘ﬂ'xa-'-h:g.q..g: Sy
vl "
e

ks
‘{\' e
-:--\.-

Both are automatically cleared if SH2 does not interrupt clear.
Switches ROM Cartridge Bank o,

* Bank Set Register {ﬂc&&s%':xﬁmﬂﬁhrd}

Bit 1 14 13 12 1 10 8 &8 7?2

MD Side
A15104H [— | —[—]—=T—

-

e

vt o -:--

Area seen in gmﬁﬁj-"gFFFFr-
QQOQ0OH-OFFEFFH (i

BK1 | BKO

.
0 e e
0 1 100000H- 1 FFW i L i
i ;
FFFFFH = = o
1 0 200000H~2FFFFFH o0 A
AL T S
1 1 J00000H-3FFFFFH b S
. e ;-:b' A
o S B G
ﬁ::-\.- sy o e T TR, i
= AP
] .ER:- e e .\_?
A »mﬁq.g.xﬂﬁw e
oL
S ggﬁmiﬁiﬁmg ;. b
iy 23 .
‘:Ht vy ki
i i SR i i %
"
= - T W
g'\tﬂa _ﬁ%v e P :\-E-\HQ e
s oy 2 e e
L ol 5 i
X
b=
i oo o
E S e A s o
e g e
R i S [
pae s e i el
R, i ¥ ik i
o = vﬁﬁxq A T H‘_.a. ; -
& ] o
A TV s
o T
b e, il
- e N =
R, :,;g e
R e o
TR, Ll
e
Sty
e et
S
e,
e,
R
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Transfers Data to SH2 DMAC
* DREQ Control Register

(Access : Byte/Word)

Bit U L R R R 1 oo e
MD Side Bead Oniy 3 Ffﬂﬂ;ﬁ' :
A1S106H [ e e | | = J e [ — | — TP — ] —[—]—168S] 0 [RV
Full: DMA FIFQ Full
0:  Can write
1: Cannot write
RV:  ROM to VREAM DMA
0 NO QPERATION (initial value)
4 DMLA Start Allowed
The SH2 side cannot access the ROM when RV =1._ 'v%}en dgﬁ'l g ROM to VRAM

DMA, be sure that RV=1) Waits until RV value becume O{RV=0) before accessing.

-‘3"‘:9‘\-

B, q:q:w
i

E'E'S I ; MQ{IE i ::.Mﬂ-: 1 e
o No Oparation ﬁiﬁﬂ% g%a
1 CPU Write (68K writes data in FiFﬂTﬁr?
-a-'\-\.-a-":-\.-x %E&:
gem,

.
o -ﬂ:q.§ % .
-'3.?‘ & '\-%ﬁ

-
* 68K TO SH DREQ Suuxce Addm@%’fgtster

Bit
MD Side

o
-N - J
E sy

i

o}
P
W,
=

Af5108H

AT510AH

32X Hardware Manual
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s 58 TO SH DREQ Destination Address Register

(Access : Word)

Bit W 13-2 -9 4 7 % E 4 9 .n s SR
MD Side S5 2h

A1510CH P High Crder

AT510EH roar

Sets the SH2 side (SDRAM) address. The DREQ circuit does not use this data. Thus,
when the destination address is known beforehand by SH2, or when SH2 doesn't
need to know, no settings are needed.

* 68 TQ 5H DREQ Length Register (Access : Word)

&l - S 7 I o I s D [ B T Fi
MD Side RW
A15110H

S
o
.Q_J;R':b'.-\.-'ﬁ :g.-\ o "7&-\?

Sets the number of data items {unit: word) to be sent t6:5H? si e:: The value to be set
is 1N 4 word units. Low order 2 bit write is 1g:nnred [D% Be sure to set this
register for CPU WRITE. At each transfer, this register:is dei%ented and when it
becomes 0, the DREQ operation ends. Transfer is dﬁne 5536 :

Read time reads the actual count value. Gy v ;-g

* FIFO Register

=] 15 14 13
MD Side

A1511 2k

2 N

—-

CONFIDENTIAL
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Reafresh Signal Output to Cartr
* SEGA TV Register

idge

(Access: Byte/Word)

Bit B 3N N BT 8 5 4 3 2 1 0
MD Side R
ATSITAM [oon] e oo o [ ol ol f o | e | e f o | = | WA
CM: Cartridge Mode
0: ROM (iratial value)
1: DRAM

This is a SEGA TV exclusive register; use of this bit with other applications is

prohibited.

Communication in Both Directions with SH2

« Communication Port

Bit
MD Side

15 14 13

[t
e T
o
e it
e ek
e -a--
=
o '\-"\-a-
s e
v i £.A£ E
. E yte
d, Ul ess ! or
S e
T,
(e
P it
SA e,
S el
i - st -
0 9 @7 &Y
e
Q"J'W\-:? e 5‘ d‘ '3 E 1 n

g P

S
i b
M 5

A15120H

AT5122H

AT5124H

A15126H

A15128H

A1512AH

AT512CH

A1512EH

This 1s an 8 word bi-dii@ S

MEGA Drive and »
the same time, the ¥
i
e 4 i
.;;}%}M iig%{ St e ) ﬁl
&
Y o
g LR
ﬁ?ﬁ%%:
32X Hardware Manual
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: %ﬁﬁ% the same register from both at

that mgﬁter@&ecmly:s undefined. Caution is advised.

xﬁc wi‘

EE -a:.;:-c;::-
e S

»ﬁ-ﬂ?
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FWM Sound Souree Coantral

* 'WhM Control Register (Access: Byte/Word)

‘ bit 15 LR B f s 3 8

P
MD side 1 Read Only

AIS130H|_— | — 1 — i — | TM3 | Th2 | ™1 | O
7 8 5 a 3 2 i 0

Read Only _ __BRW RW RwW AW
AP i — | — ! — | AmDo| BMD1| LMDO | LMD+

IM3 ~0: PWM Hmer interrupt intervai
RIT: DREQ 1 occurrence enable {(SH? side onky).
:  OFF (initial value)

: ON
RMDG | AMEBY ! ouT LMDO | iMD1 b OUT

0 G OFF 0 i OFF

] 1 H H - i

R SO L. 1 A R

1 ' Setting ! ) Setting
gl e | S0t
aliowead Eiigs allowed

Both cannot be set to Leh or Reh,

l * Cvele Register el (Access : Byte/Word)
B 5 14 13 12 11 10 098 7 6 5 4 Yo (UF
WD Side B
A15132H | —

I'he base clock frequencies of %h_e*%c_lé registers are fixed respictively:
NTSC at 23.01 MHz and PAL at 22:8 MHz (set value x Scyc) becomes the cycle.

NTSC Scye=1/23.01 [MHz]  PAL Seyc = 1/22.8 [MHz]

The cycle counter does notoperate when both L ch and R ch are off.

]
LB ) S
-
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* L ch Pulse Width Register (Access : Byte/Word)

Bl 0 13 12 1t 10 9 B T 8 5 4 < - D R .
MD Side  Read Oniy Write Only
A15134H { o | o — T2

FUEL EHL“T?

The value set by bit 11 ~0 x Scyc becomes the pulse width.

FULL. Conditions of pulse width FIFD
{1 Space availabie
1: Mo space available

EMPTY: Conditions of pulse width FIFO
0 Daw per FIFO e
1: No data per FIFO & k-

¢ R ch Pulse Width Register

RhR- -
LR
o e Y
Tl s
Sit 13 4 13 12 11 10 9 8 “F.B 594 3 2 1 Q
- T
ME Side  Read Cnly Writs Opig £
A15136H \ e S e
X 't i ;W'
FULL EMPTY o3 ila”vg';a "
e A o
ok = e ]
ag'H;Ei' e i r
o ; i R
i i i e
See explanation of Lch pulse width register =%
e o s
= e e Crres
:;2:\. .++;i+ o 0
et e i
e Lo B o
A A =
: i T i o :
* Mono Pulse Width Register i W kAccess . Byte/Word)
: i, T
] o -9 e o
3 i B e
o T T
Bit 15 14 13 e db.d0..0 8 7 8L 5E F 2 1 g
MDE“H --'E-ﬂ-w!--\!a.w.a._l;-x-:.:w:-:wc.-c-' e _+;=~;.\,
Heaad Only ik me B W
A15138H N AR Aeeth, W
b ot C= = £ -:-'\-'\-lr -
St L >
FULL EHFT!:?; -"\::Iéf %i ’”Z. s .
T L k. :i S ST
iE e e Foast o :-'\; };f-ﬁ
-\-'\-'Q'\-E-c-a-.-\. e S LA oo
e =, A e e = -
- i math R . b ;:-\. -c.-c.-?
See explapation gf Lch p“l.:}se width register. "’
o e T o
L = o a3

T
S
T

If writing mﬁ:liﬁ;s. register, the same value is written to both Lch and Reh.
Note:  Bits DO~D11 of all Leh, Reh, and MONO pulse width registers are write only, When read
is performed, undefined data is read. Each PWM of Lch and Reh have three separate FIFQ
steps.

When both the L and R channels are off, because the cycle counter does not operate, once
the FULL bit is set to “1"", it will not become “0” as long as the channels are not turned on,
When either the L or R channel is on, br:cause the OFF side FIFO is also operating, no

sound will be output; however, data within FIFO will disappear. If writing when FIFO is
FULL, the oldest data is discarded andshift occurs one item at a Hime.

32X Hardware Mariual 15
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[SH2Z side]

Interrupt Controd for SH2
. ° interrupt Mask {Access : Byte/Word)

\ 1o 14 13 12 11 10 59 B R - - S . - i TR

SH Side Raad On by RAN EIAN AR FIAM EAN
T T

E0A000H ] B == T e T e [ 2T P,Ppil‘:t_'l,-—cTIh-H el ey e TEN _pvﬂ:’*-"-’?'rﬂ

FM YIAP Access Authonzabion
ik MEGA DREIVE (inital valys)
1: SH2

ADEN Adapter enable bit

the 32X use prohibited

the 32X use allowed

CART Cartrid ge msert condifion
0  Inserted

vt Inserted

HEN H INT approval within V Blanl
0. HINT not approved |L,11L1.¢J valhue}
i: HINT approved
Ve WV INT Mask

& Mask {initial value)

E:  Valsd

H: HINTA fask

{F

Mask I._ml:;a vag,me,l

Valid
CMD: Command Imermpt I"v‘IaSH
. O Mask (initial value) o
1 Valid i
PWM: FWHM fimer Jmev-m:nt mask
0: Mask {initial val iue)

i "-f..ilsd_

=

This register 1s mapped to the Same adidress for bﬂth :ai—l., mastér side and slave side.
But V. H, CMD, and PWM gach possésses exclusive addresses on the master side

nd the slave side. @ther bité'ae common to both the master and slave sides.
Mease note carefullihatdf a “17 s written to the FM bit, access authorization is
forced to switch to the SH2 HEEEE even if access of VDP is in progress in the MEGA

1F| viZ 5] 1.2'5_"

e
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* H Count Register (Access: Byte/Word)
Hit 1 W 132 e 8 72 8 58 3 8% & 4 8

SH Side R/W .
20004004H 1 5

Sets H int occurrence interval. Designates by the number of lines.
(} = each line (initial value)

¢ VRES Interrupt Clear Register {Access : Word)
Hit 15 13 12 11 109 @8 . - 5 4 3 2 1 0
SH Side Wirite Only_
20004014H S, 1

Sk M
Ao b
S o

-ﬁ""ﬂ-.‘ﬂ- =

Clears VRES interrupt (interrupt caused by pressm,g the MEGA Drive reset button).

If not cleared, interrupt will no longer occur. ”‘%3;_
* V Interrupt Clear Register W W (Access : Word)
-
e W
Bit 15 14 13 12 11 10 9498 sWng 5 4 3 2 1 0
SH Side = wn"?ﬁ&ﬁr r
20004016H P i A P
¢
Clears V interrupt. If not clearediinterry ﬁ will no ]qn ge?*bccur .
ﬂ@bﬁ-ﬂ-ﬁ-ﬁ& :-:-m-;- Eﬁ
- v 7
« H Interrupt Clear Reg‘;stﬁr & = a8 [AECEES ‘Word)
-cg '-'-&:izx K%ch
. L omd ©
Bil 15 14 13°7a D 0 8 7 6. 5"k, 3 2 1 0
SH Side i . 9 Write Wm D
20004018H | %}““ : d - R |
5 0 &
. e @ &
Kﬁ e
Clears H isiterrupt. ﬁnﬂfﬂt]eared interrupt uégll_ﬁb longer occur.
o *tﬁﬁw
e 4 W
. 4
i,
32X Hardware Manual 27
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* CMD Interrupt Clear Register (Access : Word)

Bit 19 14 13 12 11 10 9 8§ 7 8 § 4 3 2 1 f
SH Side I'g'u’_r’rtaﬂnlil .
2000401 AH

Clears CMD interrupt (command interrupt). If not cleared, interrupt will no longer
oCcur.

* PWM Interrupt Clear Register (Access : Word)
Bit BT R W0 & % s a8 v
SH Side - Write Only ¥
2000401CH | RN
?-a:%ﬁ-"" -5%
Clears PWM interrupt. If not cleared, interrupt will no longer oc T

28
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* Points to be Aware of concerning Interrupt

(1) 32X has VRESINT, VINT, HINT, CMDINT, and PWMINT, but among

these only CMDINT has points which differ from other INT, Interrupt is .
enabled by the Interrupt Mask Register (20004000H) within the SH2 systern

register, INT occurs, and when INT is masked by the Interrupt Mask Register

within the system register before that INT is received, the following will

happen.

i) VRESINT, VINT, HINT, PWMINT
INT continues to cccur until each INT is cleared
it} CMDINT
INT 18 negated. But when CMDINT is enabled after CMDINT is not
received, CMDINT is again asserted. i

£ ,.. INT conditions will
-leared. But when Interrupt is
disappear. 5till, because

In short, when all INT occur before they %e maske
continue to be saved as long as that INT is rie
masked only for CMDINT, INT will temg
CMDINT information will be saved;

occur if CMDINT is enabled.

(2} HEN (HINT authorization lank) inside the interrupt mask

register of SH2 is common.inboth and Slave. The HINT occurrence

interval is affected by ; 4
The value set in the H Cou ' -'% the next H Blank occurs, .
after being loaded in the intefialc Blankis negated. Also, the
internal counter generates HINT as a resdit t, but when H Blank is

vefore, when the H Count
“duse it 15 not loaded in the
may occur according to

register is set whe
internal counge

| = 0, HINT occurs witd
is negated.

in the second H Blank after the

ex2) HCount register = 0 and H Count is set to 1 when H Blank does not
occur. When HEN = 0, HINT occurs during the next H Blank. HINT occurs
during the 2nd H Blank after the H Blank is negated because the H Count
register setting {value) is loaded in the mternal counter when this H Blank is
negated.

32X Hardware Marnual .29
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.....

Activating the 32X Custom Component

* Stand By Change Register {Access . Word)
Bit 15 % 13 12 1 10 9 &8 7 86 5 4 3 2 3 =4

SH Side Write Only

20004002 ]

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

Receiving MEGA Drive Data by SH2 DMAC

* DREQ Control Register ~ {Access: Byte/Word)
Bit O o L - QI (R S O L A
SH Side
20004006 H %&E%!ﬂ-m = S e e

Full: Frame Buffer, Write Cache Ful] e,
0: Space i,

1. No SPE-::E .:t-. .. ..... "1
EMIPT: Frame Buffer Write CE&E )§
D: Data | T

Bit 15 14 13 12 11 10 ‘&
SH Side

20004008H
2000400AH

* 68 to SH DREQ l-__l

Bit 15 14
SH Side

;
20004 00EH Low Orrder

See explanation of MEGA Drive side register.
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* 66 to SH DREQ Length Register (Access: Word)

Bit o312 1 Weeg 8 oF 8 B 4 9 2 4 p
SH Side Read Only
20004010H 0l 0}

See explanation of MEGA Drive side register,

= FTFO Register {Access : Word)

Ei't. 15 M 23 12 S W8 8 BS54 08 3 WOR
SH Side FRead Only o

20004012H b SR
T e —————————

S, i
See explanation of MEGA Drive side register Sy, AR
g ?._:.

o,

i, L
Communications in Both Directions with 68000 ..
* Communication Port Register . °z§§§?w (Access : Byte/Word)

i = T

-c: = R

514 13 12 11 1099787 & 85 4 3 2 1 o0

20004020M ;
20004022H g o i
20004024H T i ;iv "o
20004026 a” “:E? .
20004028H sl A
2000402AH i T W
2 e e e _H_E.EHQH“—M-'
2000402CH '%%_ R T
[ ey — it
2000402EH L Ok
oy Eod --a-';?' b
5 i
e, L] g,
Drwe side reg:tste-r =
i
P ﬁy% =
e ”’3@'3’ -
o i-\?.-\: ﬁgﬁ_}
1L 4
S
e
p=="
32X Hardware Manual 3
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PWM Sound Source Control

« PWM Control Register  (Access : Byte/Word)
. bit 15 14 13 12 11 10 g B8
SH side : . RW RW RW  RW
20004030H | — — ;== i — P TM3 | TM2 | TM1 | T™MO
7 6 5 4 3 2 1 0
RTP ; — { — | — | RMDO| AMD1| LMDO | LMD1 |

See explanation of MEGA Drive side register.

IM 0 ~ 3 set the PWM timer interrupt interval and ROM to PWM transfer cycle.
Interrupt occurs by cycle register set value x TM cycle. When interval is
the same as the cycle register. When TM = 0 the interval is Q%ﬁ tirmes

* Cycle Register

Bit 5. 14 13 12 19
SH Side

20004032H e

See explanation of MEGA Drive side regist

. * Lch Fulse Width Register

Bit & 14 13 12
SHSide g W
EME&HFUﬁm s

See explanation of MEGA Dri

» Rch Pulse WidthRegi

it 15 14 H 0 9 B T 6 % 4 5 2 1 O
3SH Side ; Write Only
EMBSEH%%‘ BT

See explanation of MEGA Drive side register.
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* Mono Pulse Width Register

Bit 15 14
SHSide  Read Only

13

12 11 10 9

(Access : Byte/Word)

B8 7 & & 4 3J 2
Wrte Only

20004038H FULLEMFTY

See explanation of MEGA Drive side register.
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VDP Registers (Both MEGA Drive and SH2 Comumon)

Display Mode Selection

+ Bitmap Mode Register (Access : Byte,/Word)
Bt 13 M 13 121 W9 8 P & .8 4 § = G
AC Sige A15180H Read Cniy - HAM FAs 2 A
Sk Side 20004100W  ([PAL[ [ — [ == | wee | e [ T [0 [240] — | == | — | — M1 MO
switching is always allowed, but is valid from the next line.
PAL: TV format
0: PAL
1: NTSC "
Switching is possible only during V Blank
PRI:  Screen Priority (explained later) :
0: MEGA Drive has priority (initial "-'Za.l!,.iE]I
1: 32X has priority Wiyl
Switching 1s always allowed, but is v alid fmmme next line.
<40: 240 Line Mode (Valid ﬂIﬂ‘l.F wh-en E’;&L"}
0: 224 Line {miﬁa 'Laluel
I: 240Line 7 _ J;;‘ET i
M1 MO Made e
0 0 Blank Mode (inmial valua) e
0 { Packed Pixel Mode B, s W
1 0 | DirsctEiglarMode -
1 L F!un Length Mocie @i, SgF
‘Su»ttchmg is a wayssaﬂﬁwed but is v:ﬂld fram the next line.
e
iR £
14 & TR
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Frame Buffer Switching

* Frame Bufter Contreol Register (Access : Bvte,/Word)
B 15 M 19 12 11 W0 % B 7 B 5 4& 3 2 1 0 .
MD Side A1518AH _ Read Only R Oniy B
SH Side 2000410AH VBLKHBLRPEN] —J — | — | —] —] — | —T—T—T—T —[FEN FS
VBLK: Y Blank

0: During display period
1: During V Blank
HBLK: H Blarnk
0:  During display period
1: During H Blank
PEN: Palette Access Approval
0: Access derued i,
1. Accessapproved - K
FEN: Frame Buffer Access aufhnnzahcm
0: Access appm-ve—::l “““““
1: Access dEl'uEd. o 3
FS: Frame Buffer S‘V;"’iﬂp . Y =
0: Transfers DRAMO to VDP side {initial value)
1. Transfers.| Dmﬂ il*ﬁ VDP side

.....
.:'"2'3' ""'Rh".:

:-.q' e :as e o
- e e ]
.2 E’ s -'5-&3-5

* Swapping the Frame Euffer :&ﬁi%wed @élmg V Blank (VBLK = 1} or when inthe &
during dlsplav swapping is W at th@»next VBlastk: With respect to read, the .
value, which indicates DRAM durmgﬂusplay urthl the 1 next VBlank, is returmed.

* When having swapped the Frame Buffer, be sure 6 acgess the Frame Buffer after
confirming that VBLK= 1_,;:1; FS bit has chan éﬁgw ¥y

* When having perfﬂrmﬁ@ﬂgk% be sure to acce$,s ﬁm%‘rame Buffer after confirm-
ing that FEN is equal to [ W _—

» Palette access is ﬁo;‘sﬁble Dﬁl}r durmg‘ﬁ? and:V Bfanlc
Palette can access tgﬁeﬁ%ver the hlt-m:ag m-ﬁe is. ¥§n the direct color mode, as well

as dumg%nk *m,. »

>>>>>

-------
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Screen Shift
* Screen Shift Control Register (Access : Byte/Word)

Eil151d131211‘|ﬂ95?554321G

MD Side A15182H —_— e — BAN
SHSiueﬂnuﬁmmHt" —_— — = — |SFT)

SFT:  Screen 1 dot left shift ( explained later)
0: OFF
1. ON
Switching is allowed at any time, but is valid from the next line,

Data Fill for Erame Bulfer

* Auto Fill Length Register (Access : Byte/Word)
Bit 1% 14 1312 11 :%0° 9 8- F 8
MD Side  A15184H
SH Side  20004104H | =t |
ﬁﬂﬁh, {%im
Word length when filling DRAM (frame buffer}. To séf ﬁf@ vameg;;_set the value for
the to-be-filled word length - 1 (0~255). .
) ﬁ?mﬁm_ T
Note:  The Auto Fill function will be explained later. f{ﬁ, L *;i:;
P . A
5 RS 3 ""-:;E =
_ : "
* Auto Fill Start Address Register E - imﬁﬁ Word)
e i -:-a;'
Bi 5 14 13 12 11 j0 9 87 6 5.4 £ 4F,
& (B, A
MD Side A15186H E HAN L T
SH Side  20004106H [A161415]2 ¥ Al2lAa11]A10] A : -ASEAL \
-:.*:-:'z i _‘:;.-'? e
""'Q.'@"” h-.-.- ;};&':f-ﬂ. a?_::%"?
Sets the start address of the agﬁa t%%a filled. ﬂdfr-uﬁ‘i' rer;'tam as fixed, but A8~A1 are
incremented at each Fill, i;:a._ & = D || &
MT:,“.?;,-:.;}_ T A & A
A TR LW .
-:-_E-'; %%?% ‘“::g_:;: -.\Jf%.?}
* Auto Fill Data Keg:sﬁrw ! (Access : Word)
'i ':l%:.a_
Bit 15 14713 12 11 - % & 7 6 &5 4 3 2 1 B
MD Side A15188H Sk A . -
SH Side  20004108H | ]

Sets data to be filled. The Fill operation begins when setting this register.
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3.3 VDP

32X VDP (referred to as VDP hereafter) controls the color display and has two 1 Mbit

frame buffer surfaces for control display screens. Display (to the display screen) is
synthesized and composed contextually of a single screen (plane) from these screens

and the existing MEGA Drive screen.

MegaDrive Screen
— Scroll B———
r
—Scroll A )
.—W|nd4:|“ Pﬂﬂm}f oy
i e
A,
: e R
= Sprite i i
e iy Tﬁ
*‘9;&1'5 ek,
e, S
— =5 75
ﬁ%ﬁﬁ wﬁkﬁ-ﬁ-o—cﬁg?
-
L] |
_ K o Display Screen
o ST e
-\.\:q:'q.p. ois et -
*ﬂm% %
L = o
J2X Screen i, i
— O FRA M O———— S—
__:éﬁ-'\- . -5 -
Fm -?:e%? iﬁggtﬁ -ah-w.
e i
DRAM1 e Select | @ o T
;o e :& i‘__
PR Dl ey B
i Wil
__;;gr_% i,
i so i e P
i e & R
. O
égwﬂ.ma-' RReREG, '-33 e
"'\-‘\Eﬁ S
" A ﬂ ME ,E
i) s g, Thaie
VO
Figumrmmmm with HEG% Drive Screens
" a k-
ﬁ%ﬁ. L Eg Q';T&E;E“
o . ;
S, € M
1 e SR
m sﬂ-’ ﬁﬂ % e ol
L prey i ) <
R, "t e 4 i
‘E : e k- e E
o S, e s ]
P 2 ﬁ-ﬁ-k—mwﬁy m ﬂ?
o b s i
& G k-
A R i,
Sy St e R B
Sk S Sl
o e —
'\5'@:@-:@-:7@- o=
ey
e
i,
-
32X Hardware Manual 37

CONFIDENTIAL

PROPERTY OF SEGA



Display Mode

Enables output of images that correspond to the NTSC format (Japan, USA) and the
PAL format (Western Europe). When the 32X image output is not blank, the MEGA
Drive display mode should select a resolution that is equal to the 32X resolution.

Table 3.1 Dispiay Mode Possible Combinations

32X MD
Man-blank Graphic V
320 x 224 pixels 40 x 28 cells (320 x 224 pixels)
Non-blank Graphic
320 x 240 pixeis 40 x 30 cells {320 x 240 pixels)
Blank Graphic IV
32 x 28 calls (258 x 132 pixels)
Graphic V
32 x 28 cells (256 x 224 pixels)
40 x 28 calks (320 x 224 pixels)
32 x 30 cells (256 x 240 pixels)
40 x 30 cells {320 x 240 pixels)
38
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VDP Configuration
VDP is mapped, as shown below, from SH2 address 20004100H and 240000001
These exist as 1/O devices for the CPU. As a result, accessing without the color
palette is only a cache-through address. .
SH {Cache-through) SH (Cache-thraugh)

20004 100H ,

i s-cr:;tn Sh'r:l EHn"Em |= e

20004104H . DRAM

VDP 20004106H ﬁpﬁ% f Mbit
Registar 20004108H 1A Aeorass

2000410AH Auto Fill Data 24020000H

2000410CH [_FTame BuNsr Control

20004200H s image

%.
Color Palette 4
25 20004400H

* VDP Register 4
The VDP register controls RAM block aéce

register is read to the VDP display circuit whenza.t
Consequently, after the register is set, the settings |
the bitmap mode and scre it s

riority, etc. The VDP
tal return line is complete.
2 piext line become valid for

» Colorbaena g X
The color palette is slock that desigh
possible. Tk

Also called a ame buffer, DRAM stores line tables and bit pattern data for each line.
Mapping is donefor either DRAM 0 or DRAM 1. This block can write in 8-bit or 16-
bit widths. Write speeds are all the same, but 0 cannot be written in byte access.
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Over Write Image

Data write can also be done from this area to the frame buffer. Because there i<
specialization in character overwrite, if the significant or insi gnificant byte of data is
0 when accessing by word, only that part ignores overwrite and holds the original
value. This block can write in 8-bit or 16-bit widths. Write speeds are all the same,
but 0 cannot be written in byte access.

Switching Frame Buffers

By switching the FS bit, the DRAM draw previously handled by the CPU is trans-
ferred to the VDP and the contents are displayed. In addition, DRAM that has been
displaved is mapped instead in the address space, allowing the draw. For instance,
animation can be displayed by switching repeatedly per each single frame (1/60
sec), and for the period equivalent to a single frame (1/60 sec), write process can
continue. Framne buffer can be switched only in VBlank. During display, even when
writing to the FS bit, the buffer does not switch until VBlank oc s “The FS bit,
when read, retumns the buffer selected on the current displ . DRAM
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e

SH{Cache-through)

D15 D14

013 D12=-02 i

20004 104H

WBLK

HELK | PEN

a 2

—— FEN

Fo=l

SH{Cache-through)

=400 0A0H

Draw

-

240200004

DHAM "

1Mo

Av

SH{Cache-through)
24000000H

FEE f

L8
4

Rewrttes FSbit during VBLANK .

o e

24020000H fisbeis o

s

=

o

;;;;;

........

b

b |

.‘1 o
G EIFAMO

DRAMOQ
Thibit

Drsplay

Hillh-

DAAMY.
Wbt

b = ! . X

ol

S 1Mbi

DRAM!
Mo

e

Fops
o

o

R TJ'EO sac 1/80 sac 1'?:ﬁt} su;:*“:.‘.‘r:g*ﬁn sac 160 zac

DRAMEF-Display,

Draw Dliﬂtﬁ'f

Crew | Diisplay | Draw

e
=

DRAMY,¢

Digpiay | Draw

o

Chraw Ciaplay

Display

R )

e s annnmnsenuu ANIMaio i s n s

s

Figure 3.5 Frame Buffer Switch and Animation Display
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Color Palette

There is one DRAMO and DRAM1 common color palette in the 32X, and 0 ~ 255
palette code can be specified per each pixel. The figure below shows the correlation
between the color data format, SH2 address, and palette code. Any of R, G, B, each
. with 5 bits, can be selected from among 32,768 colors.

The color data format is 16-bit and the color for each pixel can be directly selected
{when in the direct color mode), but data size can be kept down by indirect-selecting
using the 8-bit palette code.

it Shit Sbit

Y

Through bit (See ‘Prionty”)

L,
SH (Cache-through)

20004200H

Through bit -

Note:  DPalette access is possible when PEN = 1 (Frame Buffer Control Register). If accessing when
PEN =0, wait is held until PEN = 1. Also, when PEN goes from 1 - 0, the written value is

not guaranteed. When the color is directly selected, color palette can always be accessed.

12
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Over Write Image

Allows RAM block that is physically identical to the DRAM area to be accessed from
thus area. When writing data from this area, data on the frame buffer is not changed

and remains in its original state when 00H is written in 1 byte units. .

Writes directly over DRAM area

Owver Write Data ’ Data in f b
(blank spaces are all Q) Data in frame buffer aﬂa:r DT;HWEEN

i i T T N

32X Hardware Manual ' 43
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Overview of Display Specifications

Tabie 3.2 32X VDP Specifications

. Display Size 320 pixels x 224 pixels or 320 pixels x 240 pixgis
anly the non-interlace mode
Cisplay Colors 32.768 colar direct or 256 colors from 32,786 coiors
| {codar palette}
Frame Butfer 1 Mot DRAM x 2 (Line Table Format)
Craw Mode DQirect Color Mode (16 bits/1 pixel, 32K color direct)

Packed Pixei Mode (8 bits/1 pixel, 256 of 32K coilors)
Aun Length Made {16 bits/eontinuous same color pixels, 258 of

32K colors)
Pronty (Combine with To combine MEGA DRIVE scroll A, B, and sprites ento @ gingle
MEGA Dnve screen) screen, 32X screen is synthasized in the front or b agk™ i
Other Supports DRAM FILL at VDP side

44
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Line Table Format

There are 256 words in the line table in the frame buffer lead. When writing an

address in which pixel data for each line is entered, that line is displayed. The data
format following that address can select the three modes explained on the next page.

Mode selection is set by combining VDP register bits M1 and MO.

(M1, M0O)

(0,0): (Blank display)
= {0, 1): Packed pixel mode
(1, 0) : Direct color mode
(1, 1) : Run length mode

Word address from the

start of the frame buffer é?*ﬁ*ﬁf;ﬁ*

i
o
P, b
16Dit == W T
1 alﬁ%n o o
0

SH(Cache-through)
~ 24000000H e
e B W
'\b'\_-ﬁﬁk o -1_Q'EIEI:EE
Line Table < 63H(99) 200H .
| Foa W I h
i IR, 3 )
-
240001 BEH OF H{m — =
i ¥ L Sl
% ‘Q%Tw% [ e
W i | e,
i i
24000A00H 2 & e
R Wﬁ are designated.in E from:
) the pixel in the.left edge of the 100th line
- 3 . e o
LY i i,
g b b e
E— T 0
T [ Y
i : * .-gg-a»._ e e
&%, Figure 3.8 Aine Table Format
i & : ] oy
e © I o
o L -
* Display Precautions =% L ¥ 4
VDP meghanically'displays 320 pixels worth of data from the address specified per
the line tab fnnsequently, caution is required since the overwrite image area data

is displayed a

specified address.

32X Hardware Marnual

CONFIDENTIAL

asiis when there is no DRAM area for 320 pixels worth of data after the
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Rl Bl R n L Sls Cu ag e el s

Priority

Select whether or not to use the PRI bit of the VDP register, and whether the 32X
Screen is to be displayed in front of or behind the MD screen. Also, each through-bit

. I-bitis added to the color data. [f the PRI bit is used. the pixel that designated the
color is displayed in the side opposite of the MD screen. When the MD color code is
U and when the 32X designates blank by the VDP register, each becomes transpar-
ent. If both are transparent, the MD background is displayed.

VDP Heqister PRI =0

/_':"DF Register PRI =1

32X
{through it = 1}

e,
i

BG  JeX . BG . (inrough ba = 0)
l;thrt:lnugh bit = {H =
F VDP Register
PRI =1
VOP Aegist
le:::wﬂgﬁ o MiM2=0

M1 M2=0Q

32X (blank)

BG 32X
- VDP Registar
PRI =
VDP Register F M1, M2=0
PAI = 0
M1 M2 =0

BG d2X {blank) BG {';jhn‘ s iﬁtﬁl {Blank)

Figure 3.9 Priority
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Direct Color Mode

This mode directly expresses data of each line from the pixel in the left corner of the
screen by each through-bit, B, G, R (16-bit).

words per 1 line,

1 Mbit = 65,536 words = 256 words + 320 x 204 words,

and only 204 lines can be displayed. The number of lines can be increased by making
wdentical line data to be cormmon.

From the size of the frame buffer at 320

(100th ling, 150th pixel from left, maximum red brightness)

SH (Cache-through)

24000000H

24000A00H

24000B2AH

o

ED'DH

g e
. i
I'— '1 Eb..lt 4 -;-Eﬁ-ﬁm ﬁﬁ‘ﬁig:&}
15t ling aE
I . e - ey
Lo = ]
Y g e o
¥ i, o £ ki
R, R e
; 100th : |
= e =
63H(99 5 e E
{ Q0H P T
¥ - g::gf.ﬁ' “‘ﬂ'ﬁﬂ;ﬁ; -\.::\.-ﬂ- 3
i, o i 1S pixel
Sl o=
2 ety
e 52
i, s
“
'?ﬂﬁ“ -\x;-&
o .
M 1st pixel
-
.

32X Hardware Manual

CONFIDENTIAL

- 47

PROPERTY OF SEGA



Packed Pixel Mode

R Y ——_r

This mode indirectly expresses data of each line by individual color palette codes
. (8-bit) from pixels in the left corner of the screen.

dince two pixels are expressed by 1 word, and 1 line contains 160 words,

1 Mbit = 65,536 Words = 256 Words + 160 x 408 Words,

it is possible to have 408 lines of display data.

.... [=o ——

[100th line, 150th pixei from lef, maximum rad ongntness)

SH {Cacha-thraugh) 15t line
24000000H O AR l ? _
j ___100th line | i —
o Sew R 7

24000A00H 5SO0H| paletie #]palette ﬂ+ 151, 2nd pixel _\_;;j-

]

24000A%4H B4AH{ 3 3| 14sth, 150t pi':é;m_ _:_'r B
4 \ 5 ""SH {Each-a throughy...
. Word address from the g Emﬁlﬂf—r i,
siart of the frame buiter Palette code {gﬂ.‘:ﬂlur designation>»1{ B | G | R
Palette 6686 1 color dasignaticn | |
Palette code 2 color designation—m|
h- FPalette code 3 -':.nJur uesrgmuan} i M 0 1 3N
SECHSEE Lo ' : Boah
Figut#3.11 Packed Pixel Mode i/
. ()
||.':.__ - ':i ;__._:\l
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Screen Shift Control
' Because of word units, address data that can be set in the line table can change the

table only in 2-dot units when in the packed pixel mode. As a result, use the screen

shift control bit (SFT) to change the display position by 1-dot units for horizontal
scrolling.

SH (Cache-through)

D15

D1 DO

20004 102H

{1) Drawmn in packed pixal mode

SFT=0 .
- 16hil ——
SH (Cache-through)
24000000H o
i
i
63H(99) S00H
b
24000A00H S00H | 11 pixel | 2nd pixel |
i '%»_.-a- .-\.-\.:.
24000A4EH  59FHE19th pixel Fgmt_w pixed | s,  wmEe
P e o
A
T e
e, | ¢ ¥ 3
F W,
1 e i o - o :
(2} Shift 1 bit left £ N {3YShift 1 more bit left
A a%ﬁzwﬁ‘r :g i si‘ﬁ%&
- 1Ghit -] 4 = i 18bit ~——f
SH (Cache-through) #:8H (Cache-thweugh) =
24000000H J G oOH 1
Eﬂ"f%‘iﬁ- %g "'--;E:- H
wal, W ;
‘E; ﬁﬁﬁﬁ B3AH(99) _IEJL'J‘IH
b e !
o R -\..::} xf 4
e rq_i_-gx
& tm W
24000A00H £ 24000A00H
.-\:-'\-éﬁ-':a{% g f§ fﬁ%' 501H ixei ixel
A o4 !
! % =y -
24000A4EH 319th pixel (24000A4EH  S9F h pixel [318th pixel
&, r : 19th pixel |
e

Figure 3.12 Horizontal Scrolling in the Packed Pixel Mode
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Run Length Mode

In this mode, pixel data is handled in units as the same colors that continue horizon-
tally, and is represented in palette code (8-bit) and continuing number of pixels = run
length data (8-bit). Through-bits are valid in this mode as well. When the run

length exceeds 320 pixels for one line of data, the 320 pixels are displayed from the
left, and all pixels thereafter are ignored. )

SH (Cache-through)

24000000H 0

63H(99) 5004

-

_ £
Z40D0A0OH 500

79 black
69 blue
79 red
8 Diack
:' IBﬂEﬂM : pa@tlﬂ#.
F
e %..—R’#ﬁx

e
A
.Q;A++*m%&¢§ﬁﬁi&ﬁ
(e

.
R
e
S <$;
F ==
i )
o A0 i
L & U
e, e e
i ﬁ%;;.’w g
R e . e
i tad S
-a-?-\.h-? '5'&- A
S AR,
= A
A= i i
S _¢j *fb
o, SRS
Lt L
e
R
e s
i,
o
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FILL Function

Auto Fill uses three registers: the start address, word
begins the fill operation when writing to the file data

DRAM accesses conflict while executing Auto Fill, do not access from SH?.

Fill execution time = 7+3 x length (cycle).

,and file data.

VDP

register. The portion that
exceeds the page border is filled from the start of the page. Because VDP and SH2

After executing Auto Fill, DRAM should be accessed after confirming that VDP
register FEN = 0 (completion of frame buffer access via VDP).

Belore Fill
SH (Cache-through)
20004 104H

20004 106H

20004108H

After Fil
SH (Cache-through})
20004104H
20004106H

20004108H

=H (Cache-through)
24000000H

D15

7 00
10H

Size ...0 ~255 (word number -1}

20FEH

1234H

Fill Crata

Start address.. word address with fram

1234H & 3rd word
24000 1234H <— 4th word
24000 1234H —16th word
Fill
24002E00H o
SONpage | of) (Cache-through) ! =
24004000H  2000H 240041FCH 20FEH vaiue before Fill
21st page | 1234H | & 15t word
- 1234H = 2 word
240042004  2100H
]
Figure 3.14 Example Executing Fill
32X Hardware Manual 51
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Clock Used by the 32X . |
The master clocks for NTSC and PAL used by the Mega Drive and 32X are different
| . The 68000 and SH2 system clocks are shown below as standards.

Mega Drive Master Clock Cycle
Mck = 1/fosc [sec]
NTSC fosc = 53.693175 [MHz]
PAL  fosc = 53.203424 [MHz]

lock Cycle
TR Gdek =7 Mck, but Mck is the value above.

SH2 Clock Cycle

] s
Ik = Vclk/3, but Vclk is the value above. L
Sclk = ) p .
: e
if )
Sk B! e
W e b
: P f§§~& e
o “":"--\5-\.'\-@._-"
R = 5
E: a_t ' o
R
¢{¥+
ﬁ#,ﬁmﬁ_ g
i, N
- L
s, 2 A,
e o et ::.E-\-..
g =
«:ﬁﬂ k.
iy
R s
AT i
T S
SRR
fgﬁ i o
=
i f??ﬁﬁgﬂ o
Selima S i ﬁ
S gEE in
. R el i
Wl .
o 1! “"ﬂ:q‘mﬁ&
o i,
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HBlank and Display Periods

I -rG: ' . .'Ei E
- L >
VBLANK ——1 P e

0

HBLANK | e
>l »G >4

XHDISP

.‘A.:

Figure 3.16 VBLANK Period and Display Period

NTSC PAL (224) PAL (240)

A : Blank Period 38H 89H 73H
B : Display Period 224H 224H 240H
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VDP Register Latch Timing
A hUDF-‘ Register Latch A.  VDP Register Latch
HBiank o }. g~ =
: : Ine n ' : n+1
PEN — |
FEN | I S | :
pBig |
g D

A: H Blank - PEN 3 dot
B: FEN Width 40 Sclk
C: H Blank-lateh 76 dot

' the VDFP IEE].STEI'
refr%hed FENis 1,
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3.4 PWM

PWM Sound Source

32X outputs a 2 ch pulse wave as a sound source. The integrated wave form con-
verts the pulse width to wave height. A variety of sounds can be produced by
continuously changing the pulse width.
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Figure 3.19 Pulse Wave and its Integrated Wave Form
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Functions of 32X PWM

There are five registers within the SYS REG area for controlling PWM of the 32X (see
section 3.2). It is possible to access from both the SH2 and the Mega Drive. Since
any register can be accessed in bytes, the Mega Drive side can switch banks and be

accessed from the 68000 or Z80.
MD side oH side
A15130H  20004030H FWM Control
A13132H 20004032H | Cycle Register
A15134H  20004034H { L ch Pulse Width Register | .
A15136H  20004036H R ch Pulse Width Register f &
A15138H 20004038H | MONO Pulse Width Register § -
-! --:-.::-é-:t:'.-:-.-:; ;ﬁ%g_}
: & £ w7
I
Figure 3.20 PWM Control mﬁmmﬁﬁgﬁ_:
F i W
32X PWM has the following functions. & *éﬁgg‘g;‘ “”"-’?"”
. W e
oy o¥ 47
Timer interrupt for SH2 N :

Can output the same signal as a tram‘féﬁéquest {PRE@” ﬁar QHAC
built-in SH2. & S P

Ly
SR i

., X :
sk e, T
: T e B TR
L ch and R ch independent.o %uw _qug_f ON/OFF L %m

Switches Lchand Rch =~

SERE

Creating Wave Fﬂl"!'!i;;hﬂtﬁ_g;#

e
o

Hﬁ
e
et

Sampling Rate (pulse Sutput c}%le, left ngﬁﬁéﬁ‘*@méﬁ} variable
Continuous write uf%tiflge width (pulse width tegister 1s 3 step FIFO)
e & . 4

Supplied as a Mars 53%@@%&&?&1{:#111&111 tool, the waveform data can be played back
by the 32X PWM and outptitin AIFF (Audio Interchange File Format) using off-the-
shelf sampling software and converted through the waveform convetter.
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Cycle and Pulse Width Settings
Both the cycle and pulse width are 12-bit and can be set from 0 to 4095.

The cycle register obtains the required sampling rate with the set value -1 as a .
multiple of the base clock cycle. When the set value = 0 the cycle is at a maximum

{4095 times the base clock cycle). When the set value = 1 (D times the base clock

cycle) PWM will no longer operate and should not be set.

When 1047 is set in the cycle register, for example, the base clock for NTSC is 23.01
MHz and the sampling rate is:

23.01 x 109 +« (1047 = 1) = 22 % 10% &« 22 [kHz].
In the pulse width register, the height of sample points based:

negative value of the amplitude are written suc essi
the height, when 1 is set, the maximum negative poi

The pulse width register is a 3-step FIFO. false width is refreshed per each
sampling cycle. When FIFO is empty, the previous pulse width is held. Immedi-
ately after reset, FIFO is empty and the pulse s 0.

bhit 15 14
Cycle Register

Pulse Width Register
(L eh, B ¢h same form)
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3.5 SH2

5H2 is a RISC (Reduced Instruction Set Computer) type processor. As with other
RISC type processors, it has the following features due to its high speed instruction
implementation.

Program (application program) run-time is expressed by the product of the follow-
ing three elements, C, T, and L.

Program run-time = C x T x |
C: cycle number / command, T: cycle time (clock speed),
I' instruction number / task

RISC type processor executes instructions at high speed by reducing C and T.

s
5 e
T T
e
e
ek,
Sk

» Cycle number is reduced per instruction

e %
b i ?

T
SRR

+$ww¢v

The conventional CISC (Complex Instruction Set Computer) prﬁﬁﬁﬁgnrmahzes a
complex instruction set by micro programs (programs ﬁnmﬁ%ssﬁn internal in-
structions). This decoding and run-control is cnmplexﬁnd because many execution
cycles are needed, SH2 (SH7095) has a simple instruction sﬁmaﬁghﬁpeeds by
wired logic. Further, by “5 step pipeline control” instfuction execution, one instruc-
tion is executed in 1 cycle (1 system clock cycle / 2301 &;ﬁﬁmmhuﬂ time, 43.5 ns)
ostensibly by parallel execution of each stag %%hnw&mﬁe Flgure 3.22: instruc-
tion 1 ”WB” instruction 2 “MA”, jnstructl 3 “EX*imstruction 4 “ID”, and instruc-

@ T N
s ol . 33
5 Stages of the Instruction Execution - ® z g
[F: Instruction fetch ....ooveeeees FEtck‘mnstructicm from mﬁﬁ ory %ﬂ ;;j?-’tx
ID:.. Instruction decode .......... D%Q& fetched commandﬁ wgﬁ;‘:m 4
EX: Instruction execution ... iEEﬁ %ﬂd&d contents . &
MA: Memory access ............., s Acgess t@memﬂqr ﬁa‘“*x%ﬁ L
Wb Write baek ..o 0. Rﬁi?u% memory a%ss r%u}t%ctc register
e 4
4 °§ﬁ§é§%~ %N
g
<
Instruction1 “fF ID EX MA |WB
2 | Instruction 2 IF ID EX |MA| WB
& Instruction 3 IF ID |EX| MA WB
é Instruction 4 IF |ID| EX MA WB
8 ¥ Instruction 5 IF| ID EX MA WB
- e
Time

Figure 3.22 Pipeline of instruction Execution
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Reduced Cycle Time (increased Clock Speed)

Internal operations can be made faster if the clock speed of the processor is in-
creased, but a gap is created between main memory access times, a wait state is
produced in the processor, and the effective cycle number per one instruction in-
creases. In order to fill in this difference, SH2 has a built-in 4 Kbyte cache memory.
The cache shortens access time by 1 line compared to the main memory. When data

of the address to access is stored here, the wait state of the processor is reduced
because that data is able to be accessed.

{comparitively smail capacity
and high speed)
-
e e ah e e e o]
et S
5
= Sl
Main Memory
CPU “l’ (large'€apaci
] = S—— g.s._glargﬁft:apa.crty
" -
v |
witead @nd low speed)
o s e
e ol o Tk
e = ]
sy e =
St :
...... =
=y Lt
N
e e o
i e
S T )
o .
e =hln
S s el 2l
et L ey
LU AR L W
--'i-a-\x'\-::-a-:\-a- e e
.Q..q. i e, e
E- '\-a-'-\:- RS e
-\.--\.;-\.- T F-u-?:. =
e,
Flg:uru 3248 Eﬁﬁhe l.hmury i
hﬂ-a-%c-'\q'-a-ﬁ.gxﬁ .E. ¢:+.'p 'E.:'
e o -:‘ﬂ- "
gt e L ]
:E,Q -\.-'-E-.: o
'\-a-:? o
LT -\.-i-ﬁ-::- "'E

-\:-m.--:a:“:b.-\.- -c'\g.h

When data accessed by the CPU is stored in the cache memarj{[ﬂ is called cache hit,
and when not stored in the ca':he memory is calle&%&he miss For cache miss, a part
of the contents of the cachﬁmm}* is replaced. q
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Master and Slave

Two SH2 units are packaged on a common external bus in the 32X. SDRAM and 32X
hardware resources are connected to this bus and access the periphery while adjust-
ing (bus arbitration) conflicts of the bus. One side, the Master mode, releases the bus
only when bus authorization is requested from the outside with bus authorization
under normal conditions. The other side, Slave mode, does not have bus authoriza-
tion under normal conditions and requests bus authorization each time access to an
outside CPU occurs.

In a packaged condition, two SH2 units are fixed to the Master mode and Slave
mode according to the settings of external pins, and normally the CPU itself is di-
vided by the name “Master” and “Slave.”

Note  SHZ is able to select a “partial slave mode” by indicating partial space sharing with
software from the Master mode, but because the necessary outer circuitry istiot packaged,
the Master mode must be used. b

i
e

i
o 2o
e
e i
4

System performance does not double when two CPUs are used%; is fess'than
double for shared parts, such as memory or I/0, due to access:competition. Accord-

L

ingly, function fragmentation or bus control that decreases the conflicts is required.
Within 2 SH2 units, it is normal for the master to control the:entire 32X and the slave

to restore the computing element inside SH2 and works'espectally in numerical

[} = e
computing. = e
s e
=

Master and slave hardware listed below is hﬁ&segggté@;ﬁy the SH2 while every-
thing else is in common. S

L
E

o o)
bt i e
e et s
- =y iy k=
= b
o
e

- BOOT ROM .,;ﬁg T
« Interrupt Clear Register & - o
* Bit 0 -3 of the Interrupt Mask Register (V, H, CMD, PWM mask bits)-"

= o
e o el ; e
S L,
S e e R : s,
s T
L

With the exception of CMD intersups.occurrence (INTME ‘and INTS bits of the inter-
rupt control register), 68000 does nog differentiate SH2 maﬁer and slave in terms of
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Cache

SH2 contains 4-Kbyte cache mermory. Since this memory is accessed per 1 cycle, it is .
effectively executed by reducing the wait states during accesses to external chips,
such as SDRAM, and minimizing command execution pipeline perturbation.

Cache Specifications

* 4-Kbyte, command /data mixed type

* b4 entries x 4-way associative, 16-byte line length
(3election of 64 entries x 2 ways + 2-Mbyte RAM)

* Data write is write-through type, LRU repress algorithm
* Able to select command only /data only repress.

aaaaaa
........

QOUODOER | cop space cache area i ] L
2000000H | o5y space cache area | Addressupper 3 bits {héme 1) = "000" space
Used wherraccessing CS0~3 through cache
4000000H e ;
CS2 space cache area (Seits control register CCR CE bit to1)
G000000H | ~as space cache area T
l08000000H g Fa W
20000000H |50 space cache through arsa. R
2000000 |1 space cache thmua‘?i'areaxi'é';izﬁ;dﬁ:%éss upper 3 bits = "001" space
R400000CH [C52 space cache througharea | | bsed when aséessing CS0~3 not through cache .
26000D00H | ~q space cache through area:}:i]
28000000H T Rssare 4 i, v
- Adcress uppar 3 bite'= "010" space
0000000 | associative purge.space. . Used in purgeof specific line of cache
{P0000000H | 4 Hdress array.read/write space Address v d Jits = "01 ,1" NG E
SRRk — - Used wheri directly accessing address
: Resene . . amay{Note 2) of cachs
[COO00000H I arary regc/wrte space }“Agdress upper 3 bits = *110" space
[C0001000H Froccupiag by shadow space) ﬁ;ﬁﬁ?iﬁ? RN o A
E0001000M .0 octipied by shadow space)
FFFFBO00H e Address upper 3 bits = "111" space
EFFEFFEEH Buit mrﬂ module Access through cache not possible

{Note 1) = Specific address of access space
(Note 2) = See next page

Figure 3.24 Relationship of SH2 Address Space and Cache
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Cache Overview
In SH2, address bit 30 is called an intra-line byte address, and the cache handles
: address space from the lead (00000000H) in line units (1 line = 16 bytes). In addition,
. the address bit 31729 is called the access space specific address, bit 28710 is called the
tag address, and bit 9°4 is called the entry address.

31 28 9 3 0
Address
3 18 6 4
T Tag address Entry address ¢
Access space specific address intra-line byte address

Figure 3.25 SH2 Address

The cache holds command/data from the address array and data drray. The data
array is 4-way memory in which 64 entries (64 lines), considered as one way, corre-
spond to an entry address. The address array manages the va]ﬁ{@jﬁﬁ%ﬁm&iﬁm
of the held contents and the tag address by entry, way, as well'as maj

order (LRU information) of each way by entry. W

Address Array
4 Tag Adidress, V7 ..

€4 entry

When reading, the address:t
ways and are read from the €&che if there are tag addresses that match. If all 4-way
tag addresses do not match, they will be selected based upon the LRU information
after reading from off-chip memory. Corresponding entry tag address and line data
are replaced and output to the CPU upon completion.

When writing, if tag addresses match, data in the cache is rewritten, as well as con-
tents of the memory external to the chip (write-through). If all 4-way tag addresses
do not match, they are only stored in the memory external to the chip (off-chip
memory).
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Cache After Implementing BOOT ROM

The BOOT ROM mounted in the 32X, both master and slave, purges (initializes) and
enables the cache immediately after SLEEP from the initial program of the Mega
Drive side has been canceled. At this time, 4-way mode, data replace, and command
replace can be selected. Initial data is loaded and settings stay unchanged until the
application is implemented.

Applications can be executed without tinkering with these settings, but when trans-
ferring DMA in the address area where cache is used, the operation can result in
differences in the cache memory and external memory contents, and therefore,
purge becomes necessary. Purge of all entries, and the purge of a specific line should
be differentiated in response to the need.

Purge (Cache Initialization)
Purge of all entries

will be purged.

Purge of specific lines

In associative purge spaces (
offset, and if write accessed, is che
include corresponding addresses z ple, when the slave side
cache is purged because contents pf 001004H ad dress are replaced,

write access is performed in the 46001004} y the slave CPU.

32X Hardware Manual .53.
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DMA

_ SH2 contains a 2 channel DMA. If transfer request is set to auto request and is
within the SH2 address space, transfer between memories can be performed (a:
. generation inside the DMA).

When transfer request is done by an external request (DREQ), DMA transfer ca
done by the dual address mode for:

* channel 0 from FIFO to SH2-side RAM;

* channel 1 PWM sound source pulse width register.

DMA transfer can be done by the dual address mode. External requests shoulc
used by the edge trigger, not the level trigger.

68000

Drive to 32X is done through the FIFO packaged

32X. If data is set to this FIFO from the Mega Drive, transfer request (DREQ 0)
occurs for the DMA of SH2. In the SH2 side, DMA channel 0 is set in external
quest and FIFO is specified and transferred to the source address.

This sets data to FIFO from the Mega Drive side.

CPU Write is the method of writing to FIFO by 68000 directly for each word. A
time, if the Full bit of the DREQ control register is 0 write is possible and if Full
1 then it is FIFQ Full,
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Master-Slave Communication

When communicating for coordination between the master and slave, it is important
to know how to properly receive data and take timings.

Built-in SCI (Serial Communication LF)

SH2 has one SCI channel. In the 32X, the master and slave are connected to each
other making serial communication possible. If data receive interrupt is used, tim-
ing 1s effective in severe cases. Data is set in the SDRAM described below and tim-
ing can be taken by SCI. Since the 32X is not equipped with an external clock source
for the SH2 5CI an internal clock must be selected. Otherwise any setting can be
done.

SDRAM :ﬁ o ﬁfﬁ':
This is a wide region able to capture large amounts of data, But because the internal
operation is in 1 line (=16 bytes) units, transfer of numerical bytes or:flag polling is

SR

-

not suitable. SH2 does not have a function that combines the <ache memory con-
tents of the master and slave. As a result, the contents of mémiaries tsed in common
must either be accessed by cache-through or accessed aﬁﬁyurgmg by one CPU

e i

when the other CPU is changed. .
a3
- i

Communication Port T 4

Because there are no SDRAM restrictions whéf'going @;oggh the communication
port, speed is comparatively rapid even if ¢ “um&md’ﬁ% through. However,

i

large amounts of data cannot be handled -3~ the entire capacil}fiﬁé;gdmg commu-

i a § ¥ & - " -'E’k.!ﬁ“- | 0
nication with the Mega Drive, is eight words. oy B =
S T
s : - J
e o -
; i Tt ol
i Do, . el
S e ey ¢
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o o Bl R T R g

68000-SH2 Communication

s, ~ B
B SH2
P Master
8 Word rt—
Communication Port | -
Mega
Drive o o —-"F
SH2
\? >
4 Slave
Word FIFO
Communication Port
The 32X has an 8 word register that
ports” used in 68000 and SH2 con

boot ROM program, following its
notifies the 6000, and as a result, the SH2/mas
bytes) to the start of the communi
2nd and 3rd words . Commus
cation. If simultaneouslyw
either the 68000 or SH2

after are opened in the appli-
both 68000 and SH2, or if

-reading, the value of that regis-

ter becomes undefingd. Ag ares ing the register to be used as SH2 — 68000
and 68000 — S5 yoided.
CMD Interr

imirtg by t 3000 and SH2, not only can the communication ports be
polled together bt interrupt can occur from 68000 to SH2. INTM and INTS bits of
the interrupt control register correspond to the master side SH2 and the slave side
SH2. CMD interrupt occurs if 68000 is set to 1. Interrupt can be cleared if SH2
writes the CMD interrupt clear register. Mask/mask (0/1) cancel can be done by the
CMD bit of the interrupt mask register. The CMD interrupt clear register and CMD
bit are held separately by the master and slave (addresses are the same). There are
no interrupts from SH2 to 68000.
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DMA

11t-1 | 2X uses channel 0 from among
channel DMA built-in to it. When the 3 chan |
;Tnina:c;imels, data can be transferred from the Mega Drive side to the SH2 side.
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interrupt

There are five ways an interrupt can be created:

* pressing the Mega Drive reset button .
* during vertical feedback

* during horizontal feedback

* interrupt control register write from Mega Drive

* PWM cycle timer

Each interrupt is cleared when written to an interrupt clear register by a different
factor. Interrupt continues indefinitely until cleared.

Mask/enable is allowed separately by setting the interrupt mask register V, H, CMD,

and PWM bits except for the reset button. These four bi s haye separate registers by

master /slave.* F
The Pﬂﬂ[it}r order when 'I.'IEiII.g SH2 IRL mm[mptg% 55!'-;5::5: et "
(Reset button) > (V Blank) > (H Blank} > (Command.interript).> (PWM cycle timer).
Name s Intermpt Factor
VRES Interrupt Reset button
V Interrupt
H Interrupt
Command Interrupt
PWM Interrupt

* HEN (HITN enable hit inside

32X Hardware Manual &9
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32X Block Access..
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4.1 32X Block Access by SH2

Blocks that Can Be Directly Accessed .

Access from SH2, 68000, and Z80 to all 32X buffer registers corresponds to the list
below. (The v mark means access from 280 is possible)

Table 4.1 32X Buffer Register List

Object |[Use ZB0 | Butfer Register Description
SH2 SH2 built-in 10, DMA {abbreviated)
Dedicated | main memory SORAM . Read operation intamal 16 byta fixad
32X standby Intermipt Standby change Boot ime custom companent
(mask Clear) H Count M Inberrupt intarval
Intarrupl mask Lsa M without mask by SH2 intemal
YRES intemupt clear Claar imarrupt by Maga Dfive resel
W interrupt clear & button -
H imerrupt claar 3 A |,
CMD intermupt clear i R
PWM intarrupt claar e v Claar imterrupt from GAOO0
DMA transfar (receive) DREQ cortrol Reg SRR | Sampling data write timing
B8 to SH DREQ Sourtis Address | Sat "Capiture® (See dedication)
68 to SH DREC Destinatiiin Address |- '
B8t SH DAEQ Length e & :
FIFO . g :
A5 TER. W | Transter request execute to SH2 DMA
e = R
—
B8000 32X Use N | AdaptérGomimd Reg - ° 32X is mapped by address space
Dedicated | Cartridge ROM access | Bank Set Reg ... i Mapping differs for the single MD
DRAM cariricige SEGA TV Reg: = Rgfrash signal sutput to cartridge
Interrupt Execute v In Corirol Reg: < Intarrupt execute in SH2
DMA transter (send) |+ DREC rol Rlag. 3’_3-’*' Z] Sel*Capture®
68 to SH DREQ Satrrce Address - -
68 to SH DREQ Destination Address Y
.58 to SH DREQ Langth o : iE WY
Write by DMA/CPU {FIFo N, | Trad uest execute 1o SHZ DMA
i £ e ) fwn
SRy sy Zo
SH2y Cosnmunication 3 mmunication Port % oo ReadWrite is possible from both
68000 arhe | A,
Commen | Sound &1 | PWM Contral T | Timer imerrupt sel for SH2
E %g i Cycla Register I .. | Sound source samping cycla
e um oFY  Flch Pulse Width regiister % < | Sampling data write
AWEm YRy o Fch Pulse Width register .. 00 .
S0 AR | MOND Pulse Width register. < .
g SRR AR
Giaphics & g | Bitmap Mode Packed pixel / Direct color / Run langth
gy | Frame Buffar Controd Draw/Thisplay Switch, see VOP cperate stabus
" Y Scraan Shift Control Honzontal scrodl of packed pixel mode
T, y Frame Butier Draw mamory
o Color Palatte Usa when indirectly indicating colors on
draw
Auto Fill Length Framea butter data FE|
Auta Fill Stan Address 2
Auto Fill Data 2
32X Hardware Manugl 73
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SH2 Address Space

5H2 divides and manages address space in the four areas from CS0 to CS3, but there
is no need for a special awareness that a program has four areas. The system is
designed so that a situation in which the area boundary is exceeded and must be
continuously accessed is not created. The mapped device can be directly accessed
by indicating that ad dress.

Cache-through Access

System and VDP registers must be accessed by cache-through. Although system
design also allows access by cache, because there is no guarantee that data of an
external device or register which could be re-written by other processors would
agree with cache data, purge becomes necessary each time. Therefore, cache can not
be used,

VDP Access Competition +
When accessing from the SH2 to the VDP register, frame buf@
access waits until the FM bit (interrupt mask register bit 15) is Ti:A ftes
series has ended, the FM bit becomes (0 and access authorizatic

and accesses. When finished, competition can be avoided b2
rization to the opponent.

operation that follows is not guaranteed.

ROM Access Competition :,
SH2 has priority when 68000 and SH2 access thei ROM ;
When this happens, the second CPU to bie accessed waits ungil

CPU 1s finished.

When the 68000 directly
can restore high speeds bjr accessingia
loaded to the SDRAM. Asa.re '
amounts, whereas RO}
in executing 68000 pro;
control register bit 0) is

| i Here ROM access from SHE 15 In a wait status until
68000 RV = 0. The bit fron

SH2 is read only.
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4.2 32X Block Access by 68000

Blocks That Can Be Directly Accessed

After the power is turned on, address space of 68000 is mapped the same as the
Mega Drive unit. If the 32X initial program provided by SEGA is installed following
the POWER ON reset vector address, 32X is mapped at the time the execution is
transferred to the application program, and is initialized in an access-enabled status.

See Table 4.1 32X Buffer Register List” in section 4.1 for individual buffer registers.

Cartridge ROM Access When Using the 32X

ROM cartrid ge 000000 H~400000H 1s mapped unchanged in 68000 address space
000000H~400000H when using the Mega Drive unit. Butwhen using the 32X, map-
ping is done on and after 880000H when execution 1s lﬁndled by application pro-

gram. w - i
- x-;wwc“?
b
. 6BO00 address cartridge RGM;&QE—E& .
SR0000H~8FFFFFH MWW

S900000H~9FFFFFH ?initial condition)
(4 bank switching) Q0000H~ 1 FFFE

:?'

VDP Access Competition

When accessing from EE[IU{I@ the VDP register, mla buﬁ‘gr and color palette,
access waits until the FMabit (interrupt mask regtstefﬁé‘; 15)is 0. After an access
series has ended, the EM bit bgc-:}mes 1 %m'ﬁﬁ*%ﬁﬁ'ﬁrﬂﬂhﬂn changes to SH2.

Such being the case,8H2 and 68000 wai et‘.%r until access authorization returns

and accesses. When fini: @, cumpetiﬁcﬁf;&carﬁe avbided by returning access autho-
A B . ﬁ!-gc

rization to ﬁ &%unﬂﬂﬁﬁé“ ¥

i, L 4
When thﬁEM bxﬁ‘gi‘roﬂ‘fﬁﬁﬂﬂl]ﬂ is 0, access from SH2 is interrupted by force and the
operation mﬁﬁlluws is not guaranteed.

-a-\.-:la-':!h
3%3

ROM Access Competition
See “"ROM Access Competition” in section 4.1.
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4.3 32X Block Access by 280

Blocks That Can Be Directly Accessed

Z80 is loaded as the Mega Drive sound CPU. Even when 32X is mapping in the
68000 address space, 68000 memory area can access each 8000H by switching banks
similar to when using the Mega Drive unit. See Table 4.1 “32X Buffer Register List”
in section 4.1 for individual buffer registers.

Competition With Other CPUs

Access competition to the 32X block of 68000 and SH2 applies to both Z80 and SH2.
See section 4.2 for more information.

Frame Buffer Access

&
Frame buffer can be written in bytes but data 0 byte write i%nf%. (Same for
write from both 68000 and SH2) By, B’

e,
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4.4 Access Timing of Each CPU to 32X Block

The timing sequence when the CPU accesses the peripheral is called a bus eyele, and .
takes a minimum of 4 Clock with 68000 and 2 Clock with SH2.* In addition, wait

time is created on the CPU side due to the difference of the peripheral and operating

speeds. 1 Wait means that the minimum bus cycle + 1 Clock is necessary in the

access. A wait is required for all 32X blocks (as shown below) to access from 68000

and 5H2 in response to the process contents and operation status.

* Besides inputting a Wait signal from the outside, SH2 can input Wait by setting the
built-in bus state controller, but after implementing boot ROM only external Wait is set.
32X Mode and Cartridge ROM e

SH2 (Read /Write) : 6 wait (min) ~, 15 1-ﬁéit {ﬁ%}
68 K (Read/Write): 0 wait (min) ~ %%?ﬁ@ﬁ}

Frame Buffer Y o B,
T =
SH2 (Read) : 5 wait (min) "=, 12 wait (max)
SH2 (Write) : it (i, ~
68 K (Read) :
68 K (Write) :

*  Write access to the SH2 frame .‘“ h continuougidgeessing without an Idle .
Cycle. When the Idle Cycle is inserted between accesses, the next access time is
shorterned only by the number entered iy the Idle Cyclg: (The next-access time cannot

L T

oh, .-.-:-.: ?E-_ ﬁ\:if_g

8- held tor fr bu%r ﬁiﬁn . Thus, 5 Clock is
JLlsand 3Clock is requiired if BIFO is not FULL.

SH2 (Read /Write) : 5 wait (min) ~ 64
§): 9 2wait(min) ~ 64 psec
3 wait (min) ~ 64 psec

A 4 word component of
required if FIFO is

=t

Wait number 54 means that a wait of a 1 line component display is required. (If
access to the palette competes with the CPU and VDPF, a wait of a 1 line component is
required in the CPU side.)

32X Hardware Manual I'?'?
CONFIDENTIAL PROPERTY OF SEGA




VDP Register

SH2 (Read/Write): 5 wait (const)
68 K (Read) : 2 wait (const)
68 K (Write) - 0 wait (const)

System Register

SH2 (Read / Write) : 1 wait (const)
68 K (Read /Write) : 0 wait {const)
Boot ROM
SH2 (Read) : 1 wait (const)
* SDRAM Access Time m:

The 32X SDRAM is specialized for the “replace” in the case of the ﬁﬂ C@Ee miss,

and read transfers in the 8 word burst mode* while write trans@ﬁmﬂﬁ‘ie 1 word
single mode. Access time is fixed at the following valugﬁ . TR

Read: 12 Clock / 8 Word
Write: 2 Clock / 1 Word

*  8-Word burst mode of read is a read operatis

b

word components from the first address specified by e word ;ddregg Because 8
. word corresponds to a single line cache, thergwill be conformi H 1.a cache
miss-hit occurs and line data is replaced. Hul when the SDRAM is rea& using cache-

through, even if the data to be read is only a singlé word, the access operation o the
SH2 SDRAM is 8-word-burst-read-fixed, and action time iS}M red by i at amount,

T ¥
Lo -f SF\._ ko .%::5:- #": o =
T
R,
B s
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5.1 Boot ROM

The Boot ROM is an SH2 execution object that is loaded in 32X as ROM, and is .
different in content with respect to the master CPU and slave CPU. SH2 itself sleeps

until activated by the Mega Drive side initial program. After the Boot ROM is reacti-

vated, security (see 6.3 Security) is executed by the master CPU; and if OK, the Initial
program is executed after the initial data (application program) is loaded from the

ROM cartridge to SDRAM.

Initial Data Load

Address 3COH to 3EDH of the ROM cartridge is called the user header. Shown in
Figure 5.1 below are parameters of the initial data load 51% by the format.

e
il T
™ i g
.
MARS User Header ($0003c0) N ’”‘%3@%3 i
i £ s hﬁgﬁfgﬁ.
MarsinitHeader ey g
do 'MARS CHEC D%?Wﬁ%ﬁnudule name
di s, & . version
di i s
d . desfination address .
o size o
{3§H2 (Master) start address
%SH2 (Slave) start address
-'% e
8 o
z [hﬁ?ﬂer} vector base address
. SH2 (Slave) vector base address

destination address is the byte address in which the DRAM lead is 0. Size is indi-
cated by number of bytes. Because the boot ROM loads the initial data in long word
units, an address error will occur if the address is not set by the long word bound-
aries. Size must be treated in multiples of four. An address error will also occur if
the start address and vector base address are not set within the long word bound-
aries.
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Mega Drive and SH2 Synchronization

The Boot ROM flow chart is shown in Figure 5.2. The “comm 0, 4, 8” reference in the
figure below refers to communication ports on the 32X. Immediately before an
application starts, SH2 master writes “M_OK" (ASCII code 4 bytes) and SH2 slave
writes “5_OK" to the communication port. The Mega Drive side executes the initial
program (See 5.2 Security) at this time. To be able to synchronize the Mega Drive
and SH2 with the application, these must be cleared when moving the Mega Drive
side to the application. The SH2 side waits until it is cleared.

(_ Boot {Master) )

General Puposa
Register Initializati
|_Regi Erll:l ization
Bus State
Controlier Initialization
1
SORAM Mode

_l—l'li'r.h
32X usabie T g "

Y
| Initial Data Load

| Check SUM —commg

1
Initial data load
ROM —* SDRAM

| "m_ok* —commo
I
( Application E-!art_)

Figure 5.2 Fiow Chart of Boot ROM (Master)
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( Boot(Siave)
P

General Purpose
| Register Initialization

Bus State
Caontroller Initialization

sleep

1

Cache Clear

ache ON

e
R
B g

r:
Application Start - :
Lok S L
S B e P
" Jea i o
i P = penas
v;# EE gi
i i !
.‘\?a-'\?a-ﬁ--a--a-ﬁ‘-a- '?:*i_ e -
e 5 o ot
—— H—hﬂ s
e e
. =
.-c-g- =, :3 ;EE
o "-’Wcr- P
e R, e, G
e E A = R
o o agE R i
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s

OM Flo
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¥ty .
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2.2 Security

initial Program

The Initial program performs hardware security and everything required upon
reseting in order to equalize all hardware conditions when the Mega Drive and 32X
are powered on. In the application program for 32X, the initial program
(ICD_MARS.PRG) that replaces the one used by the current Mega Drive must be
included. This program is executed immediately after the power is turned on or
reset by the Mega Drive side. After activating SH2 from the sleep, the Mega Drive
and 32X hardware are initialized and their applications executed.

Security

The Initial program must begin from the start of the program {adﬁélﬁsﬁﬁhﬁﬁfﬂ with-
out change. The Boot ROM built into 32X confirms that the »ﬁnitia%:ﬁr_ngraﬁ is pro-
vided here. When contents do not match, 32X becomes locked ‘and aégess cannot be
done from the Mega Drive side. ﬁﬁwh .

&, L
Be aware that release cannot be done if the initial progfﬁ%%ﬁ}as been changed or if

the initial program is not entered from the start.

e L
= 4N L W
47 e
e o :_‘%" 5 o
o e g e ey
& T
e 0 -
il P T
& s ..w% £
- S
e o A,
% ' WL ¥ e
& @ i 4
L : i i
-5;:.;- .-; . "‘ff:- :-5-'\;‘.:-'
o, e
5 L
e i i -
B o = i
hr% .':- e e i-;.f e
i A R
. 3 F AT E
1 spagn B, i i
- T F o
20 i e iy : i
& 44 ° & 1
L 79 |
T W . ﬁ-h- R ‘g;‘:." ﬁ;ﬁiﬁ‘
aé?ﬁﬁw % . e %_»&!x_{:’@gf ;ﬁ% ,5,*: ’
AF § i g g7
r q:'\-j.: % i -""':?‘-.-IE'.-.
i 2 ;_; i, it
“;?a? s e . w _;?"' k-
el o o
i, JF -
oy
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Included in the Initial Program

A list of the Mega Drive side sample program is shown in Figure 5.4 below. The
initial program (ICD_MARS.PRG) appears in italics. .

L PSP E AR At ) ARt P R Lt R Ll b gttt Ay Rl B TR

* MARS Sample Program
* Mega Drive Main Routine

* Copyright SEGA ENTERPRISES, LTD 1994

*CS Harr:m;are R&D Dept.

™

o o o 0 0 O o ol o o o el kel i

*global define
xref _colordata,_colorbarcg
xref cramdma,vramdma, vdpinit

‘include file £
Anclude md.i - Mega Drive Map
[include mainwk.ass ; WorkRAM Assign
include m_const.ass ; Constant or Maér

.symbols
Jdist on

*

: Vector / Mega Drive 1D / Mars Initial P
include header.prg 2
.include icd_mars.prg

L

Figure 5.4 MAINPROG.ASM
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5.3 Restrictions

. 1. When performing SH2 auto request DMA, both master interrupt and slave
interrupt must be masked. If DMA is performed by both master and slave at the
same time, one side of DMA will perform very slow until the other side of DMA
is firushed.

2. Since starting the interrupt process may take longer while executing auto re-
quest, VDP cannot be accessed within H interrupt while DMA isoccurring.
When PWM is used, data write may not happen in time. As a result, when either
master or slave controls PWM, or when VDP is accessed in H interrupt, auto
request DMA cannot be used.

3. Because the time required for the SH2 interrupt to be received depends
status of the execution, when a high level interrupt is applied following a low

level interrupt, the high level interrupt may be received firstpegardiéss of the
interrupt sequence. Therefore, care is required regarding:
ately prior to V interrupt and PWM interrupt. %%,

B6
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4. When performing CPU write DMA, full bit should be checked for every four
words written. This is because the response to the SH2 side DMA may be
longer than the 68K access cycle, depending on the access status.

5. When accessing the palette in the packed pixel and run length modes, access
needs to be done before 1ps in which the PEN bit changes “1” to “0”. Because

VDP ignores this access interval, data can not be ensured for both write and
read.

Precautions When Using 32X SH2 (SH7095)

If the following operations are performed, the operation that follows can not be
guaranteed. "
1. Do not use the TAS command with the 32X,
2. Do not use the sleep command in an applicatis
3. Do not access the bus state controller (
application.
4. Internal reset should not be done byt
i

AR
-HEEE': o :""h':'?f"

1 5

elapment tool also exist.)
¢ master and slave. Because
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BB

Please make the following setting in response to use when transferring with
DMAC of SH2.

- Transfer from DREQ FIFO to memory (channel 0 is used by external request).

DMA Source Address Register G (FFFFFF80H)
— 20004012H fixed
DMA Destination Address Register 0 (FFFFFF84H)
- Optional
DMA Transfer Count Register 0 (FFFFFFE8H)
- same value as DREQ Length Register (20004010H)
DMA Channel Control Register 0 (FFFFFF8CH)
-+ (0100 0100 1110 0XXXB (fixed except for X)
DMA Requestf Response Select Control Register 0 {FFFFFE?IH}
— (0H fixed i,
DMA Operation Register (FFFFFBOH)
— optional

Transfer (channel 1 is used by external request) from memory, to B

(pulse width register). 2,

DMA Source Address Register 1 (FFFFFFS0H)
— optional

DMA Destination Address Register 1 EFFFFFF? 41
— 20004034H ~ 20004038H 4

DMA Transfer Count Register 1
— optional

DMA Channel Control Register 1 (
- 00XX 0100 1110 0XXXB (fixec
or 00XX 1000 2110 0XXXB (fixed

DM A RE‘CI uest ’( Respm E'E']-E’Ct Cor = L Reg .
— Q0H fixed . _

DMA Operation Register ( '* H)
— optional ®, :

A

t._i ,,,,,

Other registers are ﬂptmnal.
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Restrictions Concerning SH2 Interrupt

The 32X SH2 has five types of interrupt.
Level 14 VRES interrupt
Level 12 V interrupt
Level 10 H interrupt
Level 8 Command interrupt
Level 6 PWM interrupt

The following restrictions occur when using two or more types of the following
interrupts along with interrupts through the SH2 internal peripheral module at the
same time.

1. There should always be 1 or more interrupt masks. Donit 1
15, level 13, level 11, level 9, level 7 and level 1.
s
2. The SH2 internal free-run-time (FRT) cannot be used with'pi
following values in the initial settings. s

Timer interrupt enable register (TIER} .
Output compare register A (OCRA)#5, /

=
L

the SH2 status
&is assigned the same level

5. Until the RTE'émmand is executed after the external interrupt has been cleared,
two or more cycies should be opened. Clearing external interrupt is done by

writing to the clear register. When the RTE command is executed, 2 or more
commands should be done afterward.
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Entrv address

62

External request 64
Fill Function 51
Frame buffer 39
H count register 27
H interrupt 69

Clear register 27
Horizontal scroll 49
Initial data
Initial program
Intermal SCI
Interrupt

Control register

Mask register
IRL interrupt

L ch pulse width register
Line inner byte address
Line length mode

Line table format

Mask

Mega Drive [/F

Mega Drive screen and synthesis
Mega Drive side system register
Mono pulse width register

NTSC format
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Packed pixel mode
PAL format
Palette access
Priority
Priority bit
Pulse width re
Purge all enttd
Purge specific [t
PWM

Control register

Interrupt

Interrupt clear register

Sound source

Time interrupt mask

Wave form data played by -~

R ch pulse width register
RISC

26
S6

& Ui
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