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§ 1 INTRODUCTION

Thank you for your Interest in developing software for the Super Famicom
(SFX). We would like to explain-briefly the basic information concerning
the home television system. Even {f you have been engaged in developing
software for the Family Computer (Famicom), please read once for your
review.

1. PICTURE IMAGE ON TELEVISION SYSTEM
The picture on 2 color television system consists of 525 holizontal lines
with each line having the color siripes. The broadcasting station
breakdowns Lhe picture into Iines as shown on Fig.l.
The odd number lines are converted to electric signal from the top to Lhe
botlom on the screen, and then. the remaining even number lines will be
converted from the top:to the bottom in the same way,
The method which traces every two lines is called the " INTERLACE".
For the television system. the electric signal which has been sent is
converted Lo the light signal, and it will traces on the TV screen
according tao the order above.
The light traces on the screen is called Lhe “scanning”, and the period
for scanning the odd nvaeber line is called the “1st field". and the
period for scanning the even number line is called the "2nd field”.
A period for scanning on the screen is called “one frame™, and this
Is 2 period combined of the Ist fleld and the 2nd field in case of Lhe
TV broadcasting. Because of 1/60 sec (one ffield) and 1/30 sec (one
frame), 2 certain portion on the screen is radiated only every 1/30 sec.
However, because of the afterimage of human eyes and the aflerglow of
the CRT, it does not seem to fllcker.
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SFX DISPLAY
The picture disptay on the SFX has two modes. One is the Interlace mode
based on the television system, and the other is Non-Interlace mode
which one frame takes 1/60 second. In the Non-Interlace mode, same
position Is scanned every field, therefore, lines of a frame are only
262, which means, halif{ of the Interlace amode,
Furthermore, there seems to be no flickering compared to the Interlace
mode. since one point on Lthe screen radiates every 1/60 second.

’

BLANK
The screen is scanned from the left to the right and from the top to

the bottom on (he screen (See Fig.2). After scanning froa the left

to the right, it sould move back to the left without radiating. and
after scanning from the top to the bottom. Il should move back to the
top without radiating. ' ’

1t takes a certain amount of lime for the scanning.

The former is called H-Blank, and the later is called V- blank

The Famicom and the SFX use this Blank efficiently to disnlxy various
novement of the characters.

AL st

/ / M. K- SCANNING

«<—1ST FIELD (0DD)  ———— 2KD FIELD (EVEN) —>

[Fig.2) SCANNING PATTERN FOR INTERLACE



§ 2

0B (0IECT)

1. OUTLINE

This function can display the Object on a certain position on the
screen. The characters, such a¢s the UFO or the missile of 2 space
rame, look like they are active in moving this position, ,

Il the character's plcture Is replaced 2t the same time the point s

moved, animation effects can occur. such as "Mario” character
looking 1lke 11's walking. '

FUNCTION

The maximum number of OBJs Lhat can be displayed on the screen is 128
and Lhere are four sizes, However, two sizes can be selected in one
frame and one size should be selected for each 0BJ. o
There sre 8 color pafettes in Lhe whole 0BJs. and one palette shovid
be selected for each 0BJ. One color patette has 16 color codes out
of 32768 colors, therefore, each 0BJ is the picture drawn by 16
colors. Each 128 0BJs has its own priority order, which will decide
the display priority If 2 or more 0BJs are overlapped.

Furthermore, there is the Filp function of vp-down., and teft-right.

BG priority order and the priority order shifling function.



3. SETTING EXAMPLE

~INITIAL SETTINGS
« Clear each register
+ Set reglister <2101H>
0BJ Size Select
0BJ Name Select ] Settings
08J Name Base Address
« Set Dl of register <2133
"0BJ V Select™ Settings
o+ Set D4 of register <212CH>
“Through Main 0BJ" Settings

—FORCED BLANK
+ Set register <2115H>
V-RAM Address Sequence Mode

H/V INC
o« Sel reglister <2116H>~ <2119l
V-RAM Address

V-RAK Dats ] Settings

% [Transfer OBJ character data to VRAM by DMA)
+ Set register <2121H>, <2122/
CGC RAM Address

cé RA" Dasta ] Settings

{Transfer 0BJ color dats )
to CC (Color Generator) by DMA]

] Settings

—V-8LANK
« Set register <2102H>~<2104H>
OAM Address
OAM Priority Rotation ] Settings
OAM Data
{Transfer 0BJ data to OAM by DMA)

DISPLAY
]

CAUTION | : It is prohibited to write "100K" to the “OAM H-position (9-bit)".
- (See-PPU Appendix-4)



§3 36 (BACKGROUND)

1. OUTLINE
The background for OBJ such as Mario, can be displayed on the

screen, and It can be scrotled to the up, the down, the left and
the right, and it helps rpr the game effect.

2. FUNCTION
There are & kinds of BG mode.
In BG mode-0 through 6., there is a3 difference dependnnz on Lhe
combination of the number of the screen, lhe numbers of Lhe cell
color, the resolution and the offset function.
There are 4 screens provided, and the aumber of the cell colors are
from 4 to 256, There are 4 kinds of the resolution selected {rom
256-d0t x 224-dot. 512-dot .x 224-dot. er S512-dot x 448-dot.
The characler size can be sel as "“8-dot x 8-dot™ or "16-dot x 16-dot”
on each screen,
The offset value (scroll coordinate) can be sel on cach BG screen. and
also. the offset value can be changed every horizontal characler unit
depending on the mode, so that the vertical partial scroll can be made.
8 palettes can be used per character, and H-Flip or V Flip is
avallable per character, and also, the priority order of 8G and 0BJ
can be changed per character. (See "PPU Appendix-167)
Mode-T7 has 2 screen, which can rotate, enlarge or reduce,
There are other functions for BG, such as the mosaic, the window,

the fixed color addition/subtraction, lthe screen addition/subtraction,
and the H-Pseudo 512. :



3. SETTING EXAMPLE

~—INITIAL SETTINGS
» Llear each register
- Set register <2105H>

BG Mode ]

8C Size Settings
+ Set register <2107THY~<210Al

SC Size

SC Base Address ] Settiaes

» Sel register <210BHY, <210CH>
Set Name Base Address

«§et DO ~D3" of register <212CH> [ %]
Set Through Main BG ‘

~FORCED BLANK~
» Set register <2115
V-RAM Address Sequence Mode

H/V INC
- Sel register <2116H>~ <2118

V-RAM Address ]
V-RAM Data Seltines

[Transfer BG-SC data & BG character data
to VRAM by DMA]
+ Set register <2121H>, <2122H>
CGC RAM Address

€6 RAM Data ] Settings

[(Transfer BG color data ‘
fo CG (color Generator) by DMA]

] Settings

V-BLANK
+ Set register <210DH>~<2114K>
Set BG H/V Offset

DISPLAY
J

[ %] 1In case of BC MODE 5 or 6. "Through Sub BG" of register <212DH>
should also be set. (Refer to § 7 ) .

-1



§4 - MOSAIC

1. OUTLINE
This fuacttcn is te change BGC screen to nusalc design and shade off
2 pletore. (See "PPU Appendix-8-)

2. FUNCTION
A plclure eleaent of mosaic design can be chinged to 15 si:es and BG
screen 1o be uu:aie design can be selected.

3. SETT!HE EXAMPLE

-tnttlht ssvxxncs .
[ . !aatln | 1 to 61393:1 ts:: 11 lnstrtetion)

~BLANK
- 8el regisier <2106n> i

Moszaic Size
Mestfc Enabdle ] Settings

DISPLAY |
}




§ 9 ‘ROTATION/ENLARGEHENT/REBUCTIUN (BG KODE-7)

1. OUTLINE

In the BG mode-7. lhis function can add to the BG screen more animation

eff{ects by rotation. enlargement or reduction in addition to scroll
function '

2. FUNCTION
There are 256 characters numbers (8-dot x 8-dot size).
Each dot can be one of 256 colors from a selection of 32,7C8 colors.
On EXTBGC mode, each do! can be one of 128 colors from a selection of
32,768 colors, and esch dot can have priority order.
This functlon is possible to scroll up, down, left and right,
The cenler coordinate. of rotation., enlargement and reduvclion can be
sel at elther ouvtside or Inside of the display area.
The rotation angle, vertical magnification., and horizontal aagnification
values are changeable. Also. holizontal flip and vertical flip on the
display arex are possible. _
In case the display area goes beyond the screen area, one of Lhree
choices, which are the back drop color, 2 single character {(CHR? 0)
or repetetion (wrap) of Lhe screen area, can be seleclted in order to
display the excess portlion.

EXTBG MODE : EXTBG mode is orlginally provided as~3 function for the
purpose of the LSI BG expand. ‘
For the SFX, 1t Is used ss rotation, enlsrgement and
reduction with priority order.
Also, it can be used 2s 2nd screen on mode-7,
: (See Page 61)



3. SETTING SAMPLE

—IRITIAL SETTINGS

“Through Main

Screen Fllp

Screen QOver

s Clear each register

« Set reglister <2105H> o [e1)
*BG MODE-7" Settings
+ Set reglster <212CH> ‘ ' {¢2)

« Set D1 of register <211AM>

BG™ Seltines

] Selilnrs

—FORCED BLANK

H/V INC.

V-RAM Address
V-RAM Data

« Set register <21

CG RAM Data
[(Transfer BG color
to CG (Co!

+ Set rezislgr‘<2115ﬂ)
V-RAM Address Sequence Mode

< Set register <2116H>~<2110H)>

(Transfer BG-SC data to lower address
of V-RAM 2and Charscter datas to upper
address of V-RAM by DMA)

CC RAM Address - -

] Settings

] Settings

21H>,¢21220>

_ ] Settings

data _ :
or Generator) by DMA)

—V-BLANK

J Sel register <21
"8G 1 W/V Off

+ Setl register <21
"Matrix Parame

+ Set register <21

“Center Positi

ODH>. <210EH>
sel” Settings
1BH>~<211EI>
ter® Settings
1FH>, <21201>
on” Settings

DISPLAY

J

[¢1)

{:2)

On EXTBG mode. EXT.In
Normally, BG1 should

pul of register <2133H> needs to be set.
be set. Bul BG2 should be set on EXTBG mode.



§ 6

|

2.

3.

RINDOR (RINDOW WASK)

OUTLINE

This function limits the display ares on the TV screen for BG and
08J.

The window can be set on the TV screen, and BG and 0BJ can be
displayed inside (or oulside) of this area

FUNCTIOR

There are 2 windows. Each window can be either BG screen or 0BJ,
and can be either internal or externsl mask.

Furthermore, 4 types of window mask logic (OR, AND XOR & NXOR) cin
be selected each BC and each 0BJ by using 2 kinds of the windows

at the same lime, (See Page-57)

Moreover, if this function Is combined with the function of H-DMA,
varjous shapes of the window will be formed, such as 2 round shape,
3 heart shape or & star shape.

It Is also possible to use this function conblncd wilh the screen
‘additton/subtraction and the {ixed color addition.

SETTING EXAMPLE

—INITIAL SETTINGS
» Clear each register
* Enable BG to display (See BG lnstructlon)
’ Sel register <2123H>~<¢2125W>
“BG,0BJ,.Color Window" Settings
o Set reglster <2128H>~<¢2129H>
"Window Positlion” Settings
Set register <213RH>~ <219%K>
"Window Logic™ Settings
- Sel reglister <212EH
"Through Main (Window)™ Setltings

V-BLANK -
[_ + Set H-DMA elec.

DISPLAY
|




§7  UAIN / SUB SCREEN

In case of displaying several BG and OBJ screens,
displayed In the overlapped portion is decided

the pliclure to be
by two paths,

One of them is calied the main screen, and the other is called the sud

screen.

The screen to be used for the main and the subd

by registers <212CH> and <212DH> select.

Furthermore, the data for the main and the subd

wade according to the priority order.

Unless screen the addition/subtraction is done

¢s foliows, the

of the “color window® in register <2130H> is normally on. and
"sub sw' is normally off so that onily the maln screen

(See Appendix-20)

212CID

!

. MAIN
BG SCREEN - oy SCREEN
08J SCREEN ’

DATA ——— SELECT

PRIORITY

|

sUB
SCREEN

SELECT

!

i

<2120

PRIORITY

N)
)

Omima——

"screen can be selected

screen to be displayed is

"main sw’
the

is displayed.

MAIN SCREEN

DATA

SUB SCREEN

DATA



§7.1  SCREEN ADDITION/SUBTRACTION

1. OUTLINE
This function Is the addition (Overtapping Light) or Lhe sublraclion
(lense Fliter) for the main screen and the sub screen in order to have
the effect of transparency.

2. FUNCTION
This fuactlion indicates the result after the addition or the
subtraction of RGB data on the miin screen and sub screen,
This function can aiso select BG screen or 0BJ data on the main screen
to be added to or subtracled from the sud screen slnllar to the
Flg. below.
‘However, when therl is a0 screen dats on the sub screen (screen is
clear). the color constant explained on page 15 will be added or
subtracted. _
When the resull :dded or subtracted on cach RGB Is over 31. (he value
becomes 31, 2!so., whes the value added or subtracted on each RCB is
under O, the valee becomes O,
Plesse do not use this functlion on sc mode 5 or G.

MATN SCREEN | A
' <  Addition/Subtraction
DATA \ Select
S é
SUB SCREEN | Adder-Subtracter > DISPLAY
DATA

-.13_



3. SETTING EXAMPLE

—INTTIAL SETTINGS
s Clear esch register
« Enable BG to display (See 8¢C lastructton)
+ Enable 0BJ to display (See O0BJ Inmstruction)
« Set D} of Reglster <2130
“CC ADD Easble” Settlngs

« Sel Register <2130H>

ABD or SUR Enabdle

% Eaable } Settings

ADD/SUR
Set Reglister <2120

“Throueh Msin® Settings
Set Reglisier <2120

“Through Sub” Settings

DISPLAY
]

NOTE :

NOTE

When the mafn screen data s the OBJ, It will be added to or
subiractied from the sub screen dsta only for the 0BJ of the
paletile code (4 to 7).

1t is couvlnlent for generating the dusky shidow,

: When "1/2 Enablie” of register <2130H> is enabled, the

addition/subtraction result of each RGD becomes 1/2.

-1 4 -



§7.2 COLOR CONSTANT ADDITION/SUBTRACTION

L.

QUTLINE
This function can perform addition (overlapped lightl) or subtraction
(lense filter) with the RGBS value (color conslant) set by the main
screen and reglister <2132H>, and change the color on the dispiay ares.

FUNCTION }
This function can perform addition/csuobtraction by using the RGBS
value {coler constant) which is sel by register <2132H> instead
of the sub screen of the screen addition/subtraction described
previously,.

SETTING EXAMPLE

—INITIAL SETTINCS
« Clear each register
+ Enable BG to display.(See BG Mansval)
+Set “D1” of register <2130
"S§C ADD Enabie” Setlings
+ et register <2131
ADD or SUB Enable
4 Enable ] Settings
ADD/SUB
- Sel register <2132I
"Color Constant Dats” Settings

CDISPLAY
j




§7.5 COLOR RINDOR

(COMBINATION OF WINDOW & ADDITION/SUBTRACTION)

1. OUTLINE
The Screen Addition/Subtraction or the Color Constant Addition
/Subtraclion can be performed only inside (or outside) of the window.

2. FUNCTION ;
This is a function, which can select what portion of the window
shovld be displayed and added or subtracted on each main screen
and suvb screen.
The following Is the funclion 238 a window, the screen addillon
/subtraction and the color constant additien/subtraction.

3. SETTING EXAMPLE

—INITIAL SETTINGS
* Clear each register
* Enable BG to display (See BGC Manual)
- Enable OBJ to display (See OBJ Manual)
+ Se! register <212EH>, <212FK> :
Through Main (Window)
Through Sub (Window) ] settines
+ Set register <2125/
Set Color Window
« Set register C2126H> ~<2120H>
Set Window Position
« Set register <210BH>.<210CH>
Set Window Logic
+ Set register <2130
Color Window ON/OFF settings
+ Sel register <2131
ADD or SUB Enable
Yo Ensble ] Settings
ADD/SUB
- Set register <2132ID
Color Constant Data seltings

V-8LANK ' -
[. « Set H-DMA etec.

DISPLAY
|




§ 8

(6 BIRECT SELECT

OUTLINE

On BG-1 in mode 3, 4 and 7, Lhe character dats can be vused 13 Lhe
color dals withou! usiag CC-RAM coler data. BG-1 can be dlispiayed
vsing 2048 colors on mode 3 and 4, and 250 {ixed colors on mode-7.

3G-2 and 084 can wse the CG-RAM color dats wilhowt holding In common
with the color dats on 36-1%.

FUNCTION

Whea BC-! on mode 3, 4, asnd 7 Is displayed on Lhe TV screen, this
functlon ts to display 8-bit color data par charactier dot wilhout
using the CG-RAM, the CC-RAM data !5 wsed for the other 3G, 08) and
Background or msla screes,

SETTING EXANPLE

* Enadle BG (o display (See BG Iastirucilion)
« Set "D0° of register <2130
“Pirsct Select” Setiings

NOTE : See PPU'Appendix-14 for the color daty.

-117 -



§9

i-PSEUDD 812

. OUTLINE

In the mode other tham S and 8, this funciion supplements between
2 dots next to each other horizontally, which changes the color
smoothly, and has the effect of the gradation,

FUNCTION -
This functlon wiitizes screen sddition/sublraction,
The color consiant sddition/subtraction can not be done al the same
time that this fuaction is performed,

SETTING EXANMPLE

» Enabie 86 to dlsplay {(See BG Instructiion)
« Set "03" of register <21331
"Pseudo 5127 seliings
« Set reglister <212CH>, <2120
Throwgh Haln }
.Throvgh Sub Settings
‘Set D1 of rerister <2130
- "CC ADD Enable” settings
Set register <2131H>
ADD or SUB Emable
X Enabdle ' ] Settings
ADB/SUB 5

-;s.—



§110 COM?L‘EMEMARY MULTIPLICATION (SIGNED HULTIPLICATION)
1. OUTLINE _ |
" The 2':_conpl¢nent nultipliication will be performed with high speed.
For example. to catculate the rotation parameter on mode 7, It will
lighten the buden of ;he CPU processing.

2. FUNCTION ‘
The high speed multiplication of 16-bit (2's complement) and 8-bit
(2°s compleaent) will be performed with “no-wait™, and the resull
becomes 24-bit (2's compleament).

3. SETTING EXAMPLE

- Set BG other than MODE-7 (or V-Blank/Forced Blaak)

(except during V-Blank or Forced Biank period)
« Write lower B8-Bit (Multiplicand) (o register <211BH> :(lnput)
* Write higher 8-B11 (Multiplicand) lo register <211BH> :(lnput)
* Write register 8-Bit (Multiplier) to reglister <211CH> :(lnput)

+ Read register <2134H> ~ <21361> _ :(Result)

-1 9 -



§ 11 B/V COUNTER LATCH

1. OUTLINE ) ‘
This functlon is used (or judging Lhe process {iming by knowiag
where the scanning Is spproximately on (he screen line at certaln
timing.

2. FUNCTION
This fonctlion sets vertical and hortzontal counler vaive st certsin
timing {when reglister <2I187TH> is read), and know where the raster
is on the screen by resding the register value, -
{The Scaanniang syachronizes with inner vertical snd horlzosmtial
cosnter, )

3. SETTING EXAMPLE

« Read register <2137TH> ~: (counter lailch)
* Read register <213FH
(Initfalise register <213CH)>, <213D1>
‘ta the order of Low and High)
« Resd register <213CH>.<213DK>

-2 0 -



§ 12 QFFSET CHANGE

1.

2.

3.

OUTLINE

The horizontal and vertical scroll (offset) value can be performed
every horizontal B-do! (characler unit) in mode 2. 4 and 6.
The other part of the screen can be brought in the middle of the frame

in order to have the effect! like a window., and also., 8 vertica)
partial scroll can be made,

FUNCTION

This function can be selected whether both BG-1 and 2. or either BG-1
or 2 are spplicable. The offset for both il and V can be changed at
every character unit on mode-2 and 6, but the offsel for either H or V-
cin be changed on mode-d, .

The same offset will be performed on each line, once the offset data
for 2 horizontal line (32-characters) is sel.

In case of setting the other offset value depending on Lhe scanmning

line, the offsel can be changed by changing “BG-3 SC Offset Address”
or "BG-3 SC Base Address” during the H-DMA perlod.

SETTING EXAMPLE

~—INITIAL SETTINGS
« Clear each register

« Enable BC to display (See BG instruction)
Set OFFSET data to BG-3 SC

V-BLANK
[- « Set H-DMA etc.

DISPLAY
|

{
2
——
i



§13 JOY CONTROLLER

1. OUTLINE v
The switch status of the joy controller can be read avlomatically
serially, and it will be converted to the paraitel data.
It is not necessary to read the swiftch status one by one like the
Family Computer 2and convert them to the parallel data every time.

2. FUNCTION
2 pcs of the Joy controller can be conneclted to the main unit,.
(4 pcs of the Joy coniroller can be connected by using the expanded
connector.)
1-bit data is assigned to each switch, and the number of hits
to be read avlomatically for one Joy Controller is up to 16-bit.
For the expanded bit, the bit which is expanded can be read 1-bit
by 1-bit by the software like the Family Computer.
The hardware operates for reading the data for about 215 #s right
after the V-Blank flag Is set or the NMI is applied, Therefore.
please nole Ihat (he register of the Joy Controller can not be read
properly.

%t 215 (214.55)ps is equivalent to 3.4 (3.38)_ scanning lines,
which is 2 period of 580 (576) Byte to be transfered by Lhe DMA.
(In case the CPU clock is 2.68MHz, it is equivalent {o 580
machine cycle.)
2s soon as the V-Blank starts,
it is considered as the basic flow to perform the general
purpose DMA. S
Therefore, It is convenient if total number of byte to be
transfered by the general purpose DMA is used as 2 read timing.
(Please refer to the System Flowchart)

Y The Joy Controller data (register) should be read after
confirming that “JOY-C Enable” of the register <4212H> is not
sel during the V-Blank period, so that the valid data can be

“read. ' “

* After 18us (32 machine cycle with 2.68MHz) from the beginning
of the-V-Blank, the hardware will start to read.
The "JOY-C Enable” of the register <4212H> can not be set during
this period.



3. SETTING EXAMPLE

INITIAL SETTINGS

+ Set 1% to "DO" of register <4200H>
"JOY-C Enable” Settings

+ Sel "0° lo "DO" of register <4016H>

V-BLANK
Process for DMA (21545 or more)
-« Read regisler <4218H> ~ <421FiD>
« Read register <4216H> & <4217
(1f expanded bit is exist)

DISPLAY
|




§ 14 PROGRAMABLE 1/0 PORT

1. OUTLINE _
8-BI1T programable 1/0 port is provided to interface to peripheral
devices. which are the keyboard, the 3D-glass and etc.

2. HOW TO USE
17 should be written to register <4200H> for the bit to be used
2s the jn-port.
The bit becomes the In-port and it can be read by register <4213H>.
The data should be written to register <4201H8> for the bil to be
used as the Out-port.
This written data can be output directly.

!
X
an

|



§ 15 ABSOLUTE HULTIPLICATION/DIVIDE

1. OUTLINE
The absolute multipliication ( 8-bii{ x 8-bit) and the absolute divide
(16-bit x 8-bit) can be done using this function.
It is also convenlient for the array table processing, and it can
improve {he processing speed for the multiplication and the divide.

2. FUNCTION _
The multliplication calcvlation between the multiplicand of 8-bit
absolute value (0~ 255) and the multiplication of 8-bitl absolute
value (0 ~255) can be performed, and can get the resulit of 16-bit
product (0 ~65025). '
Or, the divide calculation between the dividend of 16-bit absolute
value (0 ~65535) and the divisor of 8-bit absolule value (0 ~255)
can be performed, and can get the result of 16-bit quotient
(0 ~65535) and 16-blt remsinder.
I1f the divisor Is "0" in the divide calculation, the quotienl valve
becomes 65535 (OFFFFH) and the remainder becomes Lhe dividend value,
so that cavtion is required.
It takes about 8 machine cycle for the multiplication calculatlon
and about 16 machine cycle for the divide calculatlion.
The register value for multiplicand and dividend will not be destroyed
even after operation,

3. SETTING EXAMPLE

% In case of Multiplication

- Set register <4202H>
"Multiplicand-A" Settings

+ Set register <4203>
"Multiplier-B"~ Settings

« Waft for 8 Machine Cycle

- Read regisier <4216H>», <4217H>
Read Product-C

* In case of Divide
.+ Set register <4204H>, <4205H)>
“Dividend-C" Settlings
Set register <4206H>
"Divisor-B" Settings
Wait for 16 Machine Cycle
Read register <4214H>, <4215H>
Read Quotient-C
* Read register <4216H>, <4217
Read Remainder '




§ 16 H/V COUNT TIHER

1. OUTLINE
The SFX has {he timer synchropizing with the display on Lhe TV screen.
which 1s used for adjusting the timing of the scanning on the screen
and the softlware process. '

2. FUNCTION
This function can generate the interrypt either at any V-position or
H-position of the scanning limes. It can also generate the interrupt
at any position of the scanalng line. : \

3. SETTING EXAMPLE

~INITIAL SETTINGS—
« Disable IRQ
« Setl "D4 & D5° of register <4200U>
"Timer Enable” Settincs
« Set register <4207H>~ <420AH>
H Count Time -

Y Count Time Settings
« Enable IRQ

1RQ PROCESS ,
« Resd "D7° of register <4211H>
Confirm "Timer IRQ" '
« Clear "D4" & "DS5" of register <4200H>
« Process for Target Task

. DISPLAY




17 DUA (DIRECT WEMORY ACCESS)

The DMA Is the method to transfer the data as same as the data' transfer
which Is done by the CPU, However, the DMA can lransfer the dataz at high
speed by using the hardware Instead of the CPU.

Especlatly, the SFX has the excliusive DMA, since the piclure data has to
be transfered rapidly.

The DMA for the . SFX is to transfer the data between “A-Bus address™ in
the CPU (0000000~ OFFFFFF) and "B-Bus address” in the S-PPU (0002100
~Q0002iFF), which has B-channels In total,

There are two kinds of the DMA., which sre the general purpose DMA and
the H-DMA, and either of the lwo can be set at each channel,

The dats can be transfered detween Lhe same DMAs 1n the order from the
lower channel number (0 ~7), And the H-DMA can interrupl even during
the transfer by the generasl purpose DMA. which meians that Lhe H-DMA

has higher priorfty than the general purpose DMA.

Furthermore. the CPU process stops sutomatically during the DMA period,
and will start again after the DMA Is completed. Therefore. it is not
necessary lo observe the DMA completion by the CPU.

-2 17 -



§17.1 GENERAL PURPOSE DUA

1. QUTLINE
This function can transfer the data rapidly between 2 types of
memory devices. which is memory which can be accessed directly by
the CPU, such as a2 ROM on Lhe game cartridge, and memory which
his to be accessed through the S-PPU. such as the V-RAM,

2. FUNCTION
The maxiaum ares of the A-Bus address which can be used in one channel
is limited in one bank (65.536 Byte).
Therefore, In case of spreading over more than 2 banks,
1t is necessary to use more than 2 channels or ltransfer twice.
One A-Bus address basically Is increased every time 1-byle dala i
transfered. However, it can be decreased or [ixed depending on the
setlings ("D3% and "D4" of register <43X0l>).
The following table shows 4 ways of (he B-Bus address changes.

| ansfer Word Select
t of Transfe <43X0H> | Oor2 | 1 3 4
(¥ of Byte)

0 ’ B ' B B B
- B |B+1| B |B+1
2 B B B+ B + 2
3 B B+ 1 B +1 B+3
! B B B B
5 B B+1 B B +1

'NOTE. : B means the dats of rexisle} <43X1H>.

% In case of 224-1ines. lhe general purpose DMA can transfer GK-Byte
data maximum during V-BLANK period.

|
o
o

|



3. SETTING EXAMPLE

—FORCED BLANK
When using CHY
« Clear “D4" of register <420CH>
« St reglister <4340iD
tH4 Translfer word select
A Bus Address Fixed. 1CN/DEC ] Settings
W4 Transfer Origination
« 8¢l reglister <4341
8 Address” Setlings
¢ Set reglister <43421> ~<43441>
Al Table Address” Settings
« Set register <43451>, <43461D>
“: of Byte to he Transfer™ Settings
« Write "1 to "D4" of register <420BiD
Cila Start “Genera! Purpose DMAT

mr e e e

~DISPLAY PERIOD

When vuvsiag CH3 :
e+ Clear 037 of register <420CH>
« Set register <433010>
CH3 Transfer word select
A Bus Address Fixed, ICN/DE ] Settings
CH3 Transfer Origination
« Sel regigter <4331
"B Address” Seltings
« Set register <4382H>~ <4334
TAl Table Address” Seltings
« §el repister <433501>, <4336H>

.

2 ol Byte to be Transfer’ Sexlings

|

~V-RLANK —— ' |

A cKrite " (o "p3" of register <4208

| CH3  Stavy “Gemeral Purpose DMAT

e - s eie: o]




§17.2 H-DHA

1.

n

OQUTLINE

This is the special DMA, which can transfer the data automatically
synchronizing with the H-Blank, Therefore. the S-PPU settings can be
varied by each korizontal scanning line, and also. special effects
can be added to the picture.

FUNCTION

This function basically transfers the data {rom the A-Bus meamory
(CPU memory) to the S-PPU register,

There are two kinds of the addressing modes on the A-Bus side.
absolute addressing and indirecl addressing. which can he set by |
each chaunnel,

There are two kinds of the data transfer. one is to transfer a2 sel
of data cach horizontal blank period. aund the other is to traasfer
2 set of data every certain number of the horizontal blanks,

These two methods can both be used in the data table for one screen
(one field)., therefore. necessary data can bhe transfered ecach
necessary scanning line for one screen (omne ficld;.

The B-Bus address can be changed five ways according 1o the table
shown below.

ransfer word select
& of Line <43X01> 0 1 2 3 4
to be Transfered
B B
B B
B B+ 1
1 B ' !
iB-.-l B - 2
B+1 | B .
! i B-1 | B~3
1 | 8 | B
B : B .
: B B+ 1
2 B ' : -
i B+ 1 B =2
B + 1| B ¢
iB=1]|B+3
. L] . . i L)
|
[ [ . L] | - -
. | X
. . ! . ! .
t ! : .

NOTE B means the data of register <33\1H>.

- 30 -




3.

SETTING EXAMPLE

—~FORCED BLANK

¥hen using Indirect Addressing
(Type-1) with CHO
s Clear "d0° of register <420CH>
« Set register <4300
CHO Transfer word select
Cho TYPE = ~1° : ] Settings
CHO Transfer Origination
« Sel register <4301
"B Address® Settlings
« Set register <4302~ <4304H>
“Al Table Address™ Settings
« Set register <4307ID
"CHO Datas Bank™ Settings
e Krite 17 1o "DO" of register <420Ci>
cHo Start It-DMA

~DISPLAY PER10D

When uesing Absolule Addressing .
(Type=1) with CH!
« Clear "D1° of register <420CH>
« Setl reglster <4310
CHI Transfer word select
CHY TYPE = 0" , ] Settings
CHY Transfer Origination
Lo Sel reglister <43111D
°B Address” Seltings
« Set register <4312H> ~<43141>

i “Al Table Address” Settings

~V-BLANK t

| ;o Write T1T to "DIT of register <420CH> |
] Citl Start H-DMA : '

,i

-3 ] -



§18

INTERLACE

BG MODE 0 ~ 4 & 7 )
When "1 is written to "DO0" of register <2133H>. the picture
which is output from the SFX will be the interlace signal.
Therefore, in case of BG mode O through 4 and 7. the same picture
will be displayed unless the picture data is changed between
the Ist field and the 2nd (ield. (See PPU Appendin-18)

BG MODE 5 & 6
In case of the interlace on BGC mode 5 and 6. the vertical resolution
will be doubled in appearance, because a picture is displayed hy
using one frame of the combination of the 1sl field and the 2nd
field. (Sece Appendix-19)

0BJ
fhen "1° is wriltten to "D1” of register <2133H>. the vertical
resoletion will be doubled as same as the case above. because
a picture is generated by one frame. )
However. the range of the V-position is O through 255, and it will
not be doubled.



[ g~

q.

B- 512 WODE (36 WODE 5 § )

MAIN SCREEN & SUB SCREEN SETTINGS
The screen addition/subtraction should nol be used., because a partl
of both main screen and stb screen function are used in this mode.
Therefore. for the case except the color constant addition
/sublraction. "1~ should be writlen Lo “D4” and "D5" of register
<2130H> and the sub switch should be "OFF".
Also. in this mode. the same data should be writlien to registers
<212DH> <212EH> and <212FH>, and "Through™ should be the same for
both the main and the sub screen.

FIXcD COLOR ADIITION/SUBTRACTION
"DO0 ~ D5 of the register <213111> is the flag which can select tRe
main screen for addition/subtraction.
v the reason described above, this selection can not be done.
It is necessary to write 17 to these 6 flags i¢DDO ~ D5) when the
color constanl addition/subtraction is performed.
The remaining settings arc lhe same as the olher mode on page 15,
However, in case of the color window function. there will ble
addilion/subtraction every 2-dot unit horizontally, because Llhe
window has only 256 posilions horizontally,

DISPLAY WITH 0BJ
As the name of H-512 mode implies . it indicates the 512 horizontal
resolution for BG. But, the horizontal resolution for Lthe OBJ is
only 256-dot regardless of the BG mode.
However, the priority order for BG is determined by every dol.

OTHERS
See Appendix-19 for details

[ ]
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08) 33" LINES O’ER & PRIORITY ORDER

33" s RANGE OVER

The number of 0BJ which can be displayed in a horizontal line

is limited. Qne of its limitation is called the "33"s Range Qver~,
This is the limitation that 0BJs (33 or more) can no! be displayed

in a horizontal line regardless of the 0BJ size.

If the “33"s Range Over™ is occured in one field (at least one linecy.
"D6" of Lhe register will be set,

For Lhe line which this "33"s Range Over™ is occured, only 32 0BJs
can be displayed out of more than 33 0BJs according 1o the prioerity
order (selected from smaller 0BJ number).

NOTE : “the number of displayed OBJ" counts the OBJ hidden by BG:
window or other 0BJs.

NOTE : If H-position is minus. and the OBJ is not displaved on the
screenp area to be displayed (located on the tefl of the lef!
lthe screen to be displayed), “the number of the displayed
08J° does not count! them. '

35"s TIME OVER

The other limitalion on one horizontal line is the "33"s time over”
This is the limitation that 0BJ character size is converted lo
characler size (8-dot x 8-dot) and OBJs (35 or more) can not be
displaved

If the "35 s Time Over”™ has occured in one field {(at least one line},
"D7” of the register <213EH> will be set.

In the line which this "35 s Time Over” has occured. only 32 0BJs
oul of "The 0BJ which should be displayed™ can be displayed
according to the priority order (selected from larger 0BJ number).
The other limitation on one horizontal line is the “35 time over”
This limit is due lo a2 conversion limit of less thaun 33 UBJs

{8 x 8) displayed per "horizontal line. :

"The UBJ which should be displayed™ means less than 33 0BJs which
satisfy the display condition explained in "33 s Range Over’
above.

NOTE : There are characters (8-dot x 8-dot) which are not displaved
on the display area depending on 0BJ sjize and posilion.
But they are not included in this limitation ‘34 or less:.



3.

PRIORITY ORDER SHIFTING

As menlioned above. limited numbers of the UBJs can be displayed
a tine and are related to the priority order. I! is desirable 1o
develop a game within this limitation. However. more 0BJs beyond
this limitalion sometimes need to be displayed. In this case,
there is the way to display more OBJs imaginarily on one line
The priorily order which is changed cvery frame is one of

the methods. Also., there is another method. which changes the
0BJ data order by programming. The SFX also has the functiou to
rotate the priority order of 128 0BlJs.

When using lhese methods, please consider thal the 0BJ will flash
every frame unil, and the priority order among OBJs will change
The setting method is as follows:

@ display the 0BJ.

@ Write 17 to “D7" of the register <21031D.

@ Write the highest priority 08J number (0 ~ 127} 1o
"D1~DT7" of the register <2102H> during V-BLANK period
every frame.

repeal @

@

When O0BJ number storing at @ is "

0BJ NUMBER PRIORITY ORDER
OBJ 0 1 29 —-n
OBJn-1 1 2 8
0OBJ n 1
OBJn=+1 2
OBJ1 271 1 28-n

in



§2 1 CPU CLOCK & ADDRESS MAP

1. CPU CLOCK
The CPU clock can be switched automatically depending on the address
to be accessed by the CPU.
There are 3 kinds of clock speed. which are 3.58MHz, 2.68MHz. 1.79MHz.
and they can be used according to the device speed (ROM. RAM., LS!
and etc.).
If the ROM and RAM of middle speed (access time less than 200ns)
are used in the cartridge. it will be mapped 1o Lhe address area
(2.68MHzZ). If high speed (access time less lhan 120ns) are used.
it will be mapped to the address area (3.58Mliz).
{Al presen! (3s of Janvary., 1989), because most of the ROM and t(he
RAM vused in the video games are designed for more lhan 130ns speed.
2.68MHz clock is used as the standard.] ,
Please refer to the “Frequency & Address Mapping™ for the relation
helween the address and the clock.
Two clocks (2.68MHz & 3.58Mliz) can be selected by setting "BO™ of
register <420D0H> for the range of memory © shown on illustration.
And 2.68Mllz is sel as default,
The CPU is operated internally with 3.58MHz clock speed.
‘Regardless of the address. the DMA will be operated with 2, 06SMilz
clock speed. ]

2. ADDRESS MAP
Please refer lo the “Frequency & Address Mapping™.
The WRAM (8K-Byte) is mapped to the address (0000~ 1FFF) of the
bank (00 ~3F), (80 ~BF) and TE.
Because this is the WRAM used as common bank, this 8K-Byte can be
accessed from any bank described above.
Also. the WRAM (24K-Byte) is mapped to the address (2000 ~ TFFF)
of the bank 7E. Therefore. the WRAM (32K-Bytle in total) is included
in the SFX unit. The address (8000 ~ FFFF) of the bank 7E and the
address {0000~ FFFF) of the bank 7F are provided as ex!lra area
for expanded WRAM. ,
Also. the address “2000~ SFFF™ of the bank “00~3F" and "80 ~ BF"
are reserved as a register area of the S-PPU. DMA, etc.
Also., because this basically is reserved as a common bhank area..
the S-PPU and the DMA register can be accessed from any bank.
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§ ) HARDRARE CORFIGURATIDM

T V
‘ii?fﬁ%:ﬂ
SETTE
T CASSETTE
V-RAM SPPU i . scpPu
| , '
! :
................. J‘-------------.;~--.....-.....
: | -
O A M CGRAM : SOUND UNIT l |
: CAPU o Mds oo !
SRR R A
"""""""" i CONTROLLER
\ |
HEADPHONE L !
s ) v
(f?'———%\f\ | <=
AUDIO etec. s o
JOY STICK

§ 22.1 NAME & FUNCTION

SCPU(CPU) « « « « « « This is a Central Processing Unit for the
' SFX.
This is equivalent to the SFX's brains,
forwards the game according lto the
program dala in cassette and has lhe
useful function for the game.

SPPU «PPU» « « + « « « This is a Picture Processing lnit for SFN.
This is equivalent to the SFX's hands or !egs.
which generates various piclures according to
the controtl from the CPU aund has the functien

.10 vary image cxpression.

SOUND UNTITT (APU This is a Audio Processing Unit.
This is equivalent to the SFX's mouth. which
generates produces necessary music or sound
effect for the game and has the functicn to vary
sound expression.

w2
wn
|



GAME

OAM- -

CGRAM

VRAM:-

A

TT

This is the memory lo store necessary data.
which is program data, character data or
sound data.

This is a Qbject Attribute Memory (O0AM).
This is used to store necessary data (o move
characters. such as Lhe hero or ¢nemy in the
game,

This is a Color Generator RAM (CGRAM).
This is used to store color data in order
to colur character data.

This is a video RAM (VRAM).
This is used to store characler data for

the background charactlers.



523 SYSTEM FLOWCHART

POWER-SW ON
or
RESET-SW ON

Jump to address indicated by
Reset Vector (OOFFFDH.OOFFFCH)

(Forced Blank]
« Write "8FH™ to register <21001

| (Clear each Register] (Sce P44) ! f g

(Main Register Settings) |
- Sel cach “Base Address’ |
- Sel "BG Size . “BG Mode” & "BG SC Size” !
. Sel "0BJ Size Select™ & "0BJ Name Select”
Register <2101H>. <2105H>, <210TA>~<210AHD

- THROUGH MAIN SETTINGS : Forced
REGISTER <212CH> ; Blank

|
: L
- NOTE : The function to set the 0AM address automatically
will not work during Forced Blank period.

[OAN & RAM Address Settings]
'§§;l-m§%‘\';"x§~§f?3°'oou' lo register

C€21021>¢2103H>
+ Set CC RAM address )
Normally write "O0O0N" to register <21211>

'
|
|
:
1
]
1
i




Genarale data of register to be renewed and
memory in order to change BG & 0BJ charactler

« Enable “NMI Enable”
- Enabte "JOY-C Enable”
Write 811" to register <4200ID

\\
|L /
no NMI_ CALT NMI\

(Recognize the bLeginning of V-Blank period by NMY:

PSSR
l ‘
1

(Set priviously renewed data of register and memory}% :
Transfer renewed OAM data by DMA i more than
i 213 ws
Data setlings for BG & 08 :
which renew picture .

|
|
|

iRead data from Joy Controller:
Register <4218H>~C121FH> !

i
+

i
P
Display

Period

V-Blank
Period

'
|

Display
Period
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PROGRANNING WARNINGS

There are registers (<210DH>~<21140H>, <211BH>~<2]120H>)., which-must
be accessed in the order of Low and High lwice,
If the numher of accessing the register (write twice or read twice?
becomes unknown., please inilialize as follows:

0AM., CGRAM. VRAM oreeneennes Set the address again

Other Registers (Write) - The lower data should bhe written
more than one time., and the higher
data should be writlen.

H/V Counter Read oooovereeeceennns When reading the 5C78 status register
C213FN> ii will be initialized.
The data should be read in the order
of Low and High.

The period which can be accessed for the register is as (ollows:

V-RAM. DAM - Forced Blank or V-Blank period only

CO-RAM v e Forced Blank, V-Blank or W-Blank
period only

Other Register (¥Write) oo A1l period (However. when writting

lhe data. the piclure may not be
displtayed properly.)

Other Register (Read) ---eeoeveeer All period (However, the data which
may be changed during display period
may not be read properly.

The address space for the V-RAM is G4K-word (l-word = 106-bhil; maximum.
32K-word memory is installed in the SFX unit,

¥hen the V-RAM is accessed from the CPU. the address counter will be
increased auvtomaticaily,

For the V-RAM increment mode. please use the register mode desiguated
by the iastruction.

When the V-RAM is read continvously after the V-RAM address has been
setl. the address will not be increased for t(he first data only,
Therefore. when reading the data continuously. the first data for the
address increment should be read as a duvmmy data after the V-RAM
address has bheen set.

The top color dala of each CG color data palette is transparcncy.
Because the transparency is a color which is not displaved. so thal
any color can be set.

However, the color data of the CG address (OOH:! is normally black
{background). ’

Even though 9-Bil is provided as the O0AM H-position. the value *100H:
must not be used.
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