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PREFACE

The V9938 introduced in this manual is a Very Large-Scale Integrated
Circuit (VLSI) that was developed as a Video Display Processor (VDP)
for the M5X2. The MSX personal computer standard was introduced in
1983 by ASCII Corporation and Microsoft Incorporated. At present, the
MSX is manufactured and marketed worldwide. In 1985, out of the
desire to strengthen some of the functions of the original MSX, the
M5X2 standard was developed. 1In addition to being sof tware-compatible
with the MSX, the MS5X2 supports new media and has video processing
capabilities that are not available on conventional 8-bit personal
computers.

To make the MSX2 a reality, two requirements for the Video Processor
were upward cnmfatiblity with the existing TMS9918A (the VDP for the
M5X) software while increasing the number of functions. The V9938 was

developed through the joint efforts of ASCII Corporation, Microsoft
Incerporated, and YAMAHA.

The following functions are supported on the V9938.

= Full bit-mapped mode
- B0-celumn text display

- Access using X- and Y-coordinates. The load of the I/0
driver has been lightened. The X-Y coordinates are

independent of the screen mode.

= Fundamental commands implemented by hardware to decrease the
processing time of the I/0 driver: AREA MOVE, LINE, SEARCH,

RASTER OPERATION, etc.

- Digitize and external synchronization
- Color palette (% bits x 16 patterns)

- Linear RGB video output
- More sprites per horizonatal line

Because the V9938 has the above functions, it provides for superior

video capabilities that make it ssible for its use in a variety of
applications, including the MSX2. CAPTARIN terminals and NAPLES

terminals wusing the V9938 have already been develcped. We hope that

EE&IVEQEH will be a standard video processing device on a worldwide
BlS.

This manual was written so as to explain how to set the parameters of
the V9938 and is a reference for developing applications and systems
software for it.

We are pleased that you have chosen to develop software for the V9938
and that you have referred to this manual for assistance.

Finally, we would like to express our deep gratitude to the people at

NTT as well as the other related manufacturers for their valuable
opinions which contributed to the development of the V9938.

August, 1985
ASCII Corporation
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V9938 MSX-VIDEO USER'S MANUAL

BASIC INPUT AND OUTPUT

l. Accessing the Control Registers

There are two ways to set data in the MSX-VIDEO control registers (R#0
to R#46), which we will describe below.

l.1 Direct access

Output the data and the register number in segquence to port #l. Since
thiz order 1is always used, be careful when you access the MSX-VIDEOQ
for an interrupt routine.

MSB 7 6 5 4 3 2 1 0 LSB

Port #1 First byte D7 |De |D5 |D4 |D3 |D2 |D1 |DO DATA

Second ‘byte 1 0 [R5 |R4 |R3 |R2 [Rl |RO REGISTER #

l.2 Indirect access

Specify the register number in control register R#17 (Control Register
Fointer).

First set the register number in R#17 (using direct addressing) by

sending data to Port #3. When you set the data in R#17, you can also
set its MSE (AII, the autoincrement bit) to control autoincrementing.
The data in R#17 cannot be changed by indirect addressing.

If autoincrementing is prohibited, the contents of R#17 will be
unchanged, and thus you do not have to reset R#1l7.

MSB 7 6 5 4 3 2 1 0 LSB

Register #17 AII| O |R5 |R4 |RZ |R2 |Rl |ROD REGISTER #

—— 1: Auto increment inhibit
— 0: Auto increment on

Port #3 First byte D7 |D6 |D5 |D4 |D3 |D2 D1 (DO DATA

Port #3 Second byte D7 |D6é |D5 |D4 |D3 |D2 |D1 |DO DATA

Port #3 nth byte D7 |D6é |D5 |D4 |D3 IDE Dl (DO DATHA

2. Accessing the Pallete Registers

To set data in the MSX-VIDEQ palette registers (P#0 to P#15/9 bit),
you must first set the palette register number in register R#16 (Color

palette address pointer) and subsequently output the two bytes of data
(in order) through port #2.

I P 1R e s S —
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MSB 7 B 5 4 3 ﬁl} 1 0 LsB

Register #16 0 0 0 0 |C3 |C2 |C1 |CO Pallete #
Port #2 First byte | 0 |R2 |R1 |RO | 0 |B2 |Bl |BO | DATA
——t— e——
Red data Blue data

Port #2 Second byte| 0 0 0 0 0 |G2 |Gl |GO DATA

| I——
Green data

3. Accessing the Status Registers

To read the status registers of the MSX-VIDEC (5#0 to S#9), you must
first set the register number in R#15 (Status register pointer) and
read the data through Port #1.

‘MSE 7 6 5

Register #15 0 0 0

Port #1 Read data o7 |D&e |D5

4. Accessing the Video RAM

A Video RAM of 12EK bytes plus an expansion RAM of 64K bytes can be
connected to the MSX-VIDEO. The memory maps for these cases are shown
in the map below.

Address counter

1FFFFH
OFFFFH
00000H
Video RAM Expansion RAM
(For display) (For data I/0 registers)

Accessing memory
To access memory, follow the procedure below.

1. &witch banks (VRAM to Expansion RAM)
2. Bet the address counter (Al6 to Al4)
3. Bet the address counter (A7 to AQ)

4. BSet the address counter (Al3 to AB), and specify read or write
5. Read or write the data
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1. Switching banks (VRAM to Expansion RAM)

Since the contents of R#45 (Argument recister) do not change each time
that memory is accessed, it is not necessary to respecify bit 6 of

register R#45 (which specifies banking) every time that you are toc do
banking.

MSB 7 & 5 q 3 2 d 0 LSB

BEegister #45 0 |KXC|MXD|KXS|DIY|DIX|EQ |MAJ| Argument reglster

1: Expansion RAM
—— 0: Video RAM

2. Setting the address counter (Al6-Al4)

Set the high-order three bits (Al6 te Al4) of the address counter
using register R#l4 (VRAM Access base address register).

MSE 7 € 5 4 3 2 1 0 LSB

Register #14 0 0 0 0 0 |Al6|Al5|Al4| VRAM Access base
address register

3. BSettirg the address counter (A7 to A0Q)

Set the low-order eight bits (A7 to A0) of the address counter by
outputting data to Port #1.

MSB 7 L] 5 4 3 2

H

0 LSB

Port #1 a7 |as |as a4 |a3 |a2 |m1 |AD | First byte

4. Setting the address counter (Al3 to A8) and specifying read or write

Set the remaining six bits (Al3 to A8) of the address counter and
specify read or write by outputting data to Port #l.

MSE 7 6 5 3 3 2 1 0 LSB

Port #1 X X |Al3|A12|ALlL|ALO|AS |ASB Second byte
T

0 0: EREead
0 1 Write

8

S. Reading or writing data

Since the address counter is automatically incremented when data is

read from or written to Port #0, you may continually access blocks of
data.

* To access the VRAM, you can also use commands. These commands will

be explained in a later chapter.

* Refer to the data sheet for access timings.
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REGISTER FUNCTIONS

1.

1.1

CONTROL REGISTERS #0 to #23 (Write only)

$32 to #46 (Write only)

Mode Registers

E&#0
R#l
R¥8
RES

MSB 7 6 5 4 3 2 1 0 L5B

o |pG 1521531 M5 |Me |r3 | 0 | Mode Register o

0 |BL |IEO|Ml

e

M5 |LP TP |CB

Mode Register 1

Mcde Register 2
LN 0 |8l |s0

Mode Register 3

* Indicates negative logic.

R#0

R#l

R#8

R#9

DG

IEZ
IEl

M5
M4
M3
BL

IED

SARE

&

LF
TP

VR

SPD

BW

LN

g

=
m

L1} L1}

£l

(1]

o

Sets the color bus to input mode, and inputs data into
the VERAM.
Enables interrupt from Lightpen by Interrupt Enable 2,

Enables interrupt from Horizontal scanning line by
Interrupt Enable 1.

Used to chance the display mode.
Used to change the display mode.
Used to change the display mode.

When 1, screen display enabled. When 0, screen
disabled.

Enables interrupt from Horizontal scanning line by
Interrupt Enable 0.

Used to change the display mode.

Used tc change the display mode.

When 1, sprite size is 16 x 16. When 0, B x 8.
Sprite expansion; when 1: expanded. When 0, normal.

When 1, sets the color bus to input mode and enables
mouse.

When 0, sets the color bus te ocutput mode and disables
mouse.

When 1, enables light pen. When 0, disables light pen.
Sets the color of code 0 to the color of the palette.
When 1, sets the color bus to input mode.

When 0, sets the coler bus to output mode.

Selects the type of Video RAM.

1 = 64K x 1 bit or 64K x 4 bits.

0 = 16K x 1 bit or 16K x 4 bits.

When 1, disables display of sprite. When 0, displays
sprite.

When 1, sets black and white in 32 tones.

When 0, sets color (available only with a compesite
encoder) .

When 1, sets the horizontal dot count to 212.
When 0, sets the horizontal dot count to 192.

Selects simul taneous mode.
Selects simul taneous mode.
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IL : When 1, interlace (Complete NTSC timing)
When 0, non-interlace (Incomplete NTSC timing}
E0 : When 1, displays two graphic screens interchangably by

Even field/0dd field.
When 0, displays the same graphic screen by Even
field/0dd field.

*NT : When 1, PAL (313 lines); when 0, NTSC (262 lines).
(For RGB output only)

DC : When 1, sets *DLCLK to input mode; when 0, sets *DLCLEK
to output mode.

1.2 Table Base Address Registers

The table base address registers are a set of registers to declare the
addresses of tables in the VRAM to be used by MSX-VIDEOQ.

Note that when these registers are accessed, the contrel codes that
the screen may receive depends on the display mode. For this purpose,
you must mask the unwanted bits.

MSB 7 6 5 4 3 2 1 0 LSB

R#2 0 |Al6|AlS|AL4|AL3|AL2|Al1|A10| Pattern name table base
addrese register

R#3 AL3|ALZ2|A11|ALO|A9 |AB |AT |AG Color table base address
register low

R#10 0 0 0 0 0 |Al6|AlS5|Al4] Color table base address
register high

R#d 0 0 |A16{Al5|AL4|AL3|AL2|All| Pattern generator table
base address register

R#5 AL4(ALI ALZ2|ALL|ALO|A9 |AB |AT Sprite attribute table
base address register low

R#ll 0 0 0 0 0 0 |Al6|Al5| Sprite attribute table

base address register high

R#6 0 0 |Al6|ALS|AL4|AL3|AL2|All| Sprite pattern generator
table base address register

1.3 Color Registers

The color registers are used to control the MSX-VIDEO's text and
background screen colors as well as blinking, etc.

MSB 7 6 5 4 3 2 1 0 LSB

RE&7 TC3|TC2|TC1|TCO|BD3|BD2|BD1|BDO| Text cclor/Back drop
color register

TC3 to TCO: Specifies the text color according to TEXT 1
and TEXT 2 modes.

BED3 to BDO: Specifies the back drop color in all display
modes.

P R T RN, = S
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MSB 7 6 5 4 3 2 1 0 LSB

Rg#l2 T23|T22|T21|T20|BC3|BC2|BC1|{BCO| Text color/Back color
register

In TEXT 2 mode, if the attributes for blinking are set, the color set
in this register and set in R#7 are displayed alternately.

T23 to T20: Specifies the color of part 1 of the pattern.
BC3 to BCO: GSpecifies the color of part 0 of the pattern.

MSB 7 & 5 4 3 2 1 0 LEB

R#13 ON3 |ON2 |ON1 |ONO | CF3|OF2|OF1|OF0| Blinking pericd recister

In the bit map modes of GPRAPH4 to GRAPH7, the twoe pages are
alternately displayed (blinked). Place data in this register to set
the display page to an odd page toc begin blinking. This register is
also used in the' TEXT2 mode.

ON3 to ONO: Display time for even page
OF3 to OF0: Display time for odd page

MSB 7 6 5 4 3 2 1 0 LSB

R&20 0 0 0 0 0 0 0 0 Color burst register 1

R#21 0 0 1 1 1 0 1 1 Color burst register 2
'==i====

R&22 0] 0§ 01010711 ] 0] 1] Color burst register 3

The above values are preset when the power is applied. If all values

in the above three registers are set to 0, the color burst signal of
the composite video output will be erased.

If the above values are subsequently reset to the preset wvalues, the
normal coler burst signal will be output.

1.4 Display Registets
The display registers are used to control the display position on the

CRT.

MSE 7 6 S 4 3 2 4 ! 0 LB

R#18 V3 |VvZ |Vl |V0 |H3 |E2 |H1l |HO | Display adjust register

=T N

!

The above register is used to adjust the display position on the CRT.

H=?-1-H=lj H-EFH-IE--'H':E
(Left) {(Center) (Right)
v=3.--v=15t?-ﬂ';vll ---|.v='?
{Bottom) {Center) (Top)
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MSB 7 6 = 4 3 2 1 0 LSB

R¥23 DO7 |DO6 |COS5 | D04 |CO3 [DO2 |DOL [DO0| Display offset register

The above register sets the location of the line to begin display.

VRAM (Line) Tex |\ kf’_‘ -
0P 2 Cerol oW
CRT Screen
BOTTOM 192 or 212 R#23 = 0
255
0
CRT Screen
BOTTOM 136 or 156 R#23 = 200
TOP 200
CRT Screen
255

MSB 7 6 5 4 3 2 1 0 LSB

R$19 IL7 {IL6|ILS5 |IL4 | IL3 JIL2|IL1 |ILO| Interrupt line register

You may specify interrupts when the MSX-VIDEO begins to display a
specified scanning line. To enable the interrupt, use the above
register tc set the scanning line.

1.5 ACCESS REGISTERS

The access registers are a set of registers used when accessing the
MSX-VIDEQ registers or the VRAM.

MSB 7 6 = 4 3 2 1 0 LSB

R#l4 0 0 0 0 0 |Al6|AlS|ALl4] VRAM Access base address
register

When accessing the MS5X-VIDEQ and the Video RAM (VRAM), set the high-
order three bits of the address in the VRAM access base address
register.

When data is set in this register, and the VRAM is accessed, if there

is a carry from Al3, the data in the register is automatically
incremented. In GRAPHICl, GRAPHIC2, MULTICOLOR, and TEXT1 modes, the

data in the register is not automatically incremented.

R#15 0 I 0 I 0 0 |83 IEI lﬁl g0 Status register pointer

When reading the MSX-VIDEO status registers (S#0 to S#9%, set the
contents of the Status register pointer.
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M5B 7 6 3 4 3 2 1 0 LSB

R#lé 0 0 0 0 |C3 JC2 |Cl |Co Color palette address
register

When setting the color palette of the MSX-VIDEO, set the number of the
palette in the Color palette address register.

MSB 7 6 5 4 3 2 1 0 LsB

R&17 AII| 0 |RS5|RS4|RS3|RS2|RS1|RSO| Control register pointer

In the MSX-VIDEO, the above control register pointer may be used to

adccess another register. In addition, according to the setting of the
AII bit, the data can be automatically incremented.

ALl
ALL

l: Auto increment disabled
0: Auto increment enabled

1.6 COMMAND REGISTERS

The following command registers are used when executing a command on

the MSX-VIDEO. Details on the use of these command registers will be
Presented in a later chapter.

M5B 7 B 2 4 3 2 1 0 L.5B

R#32 |SK7|5K%6|5x5|sx4|sx3|sx2|sx1l|sx0] Source X low register

R#33 0 | 0 0 I 0 0 0 0 |SX8| Source X high register
R#34 |5v7|5v6|sy5|sv4|sy3|sy2|svi|svo] source v 10w register

Re35 [0 [ o f o | o[ o] o [svasve] source ¥ high register

R#36 |DX7|DX6
R#37

Destination X low register

Destination X high register

Ré#38
R$#39

Destination Y low register

Destination Y high register

R#40 [NXT7|NX6|NXS|NX4|NX3|NX2|NX1|N%0| Number of dots X low register
R#4l

0|0 0] 0| 0| 0 |NXB|] Number of dots X high register

R#42 |NY7|NY6|NYS5|NY4 |NY3 [NY2|NY1l|NYO| Number of dots Y low register

R#43 0 0 0 0 0 0 |NY9|NYB| Number of dots Y high register

R#44 |CH3|CH2|CH1|cHO|cCL3 |cLz|cLl |cLo Color register
R#45

[

MXC|MXD |MXS|DIY|DIX|EQ |MAJ| Argument register

R#46 |CM3|cM2|cMl|cMO|Lo3|Lo2|Lol |00l Command register
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2. STATUS REGISTERS #0 to #9 (Read only)

The following status registers are read-only registers for reporting
the status when the MSX-VIDEQ is read.

MSB 7 & 5 4 3 2 1 0 LSB

S#0 F |58 | ¢ |Pifth sprite number| Status register 0

F Vertical scanning interrupt flag
When 540 is read, this flag is reset.

55: Flag for the fifth sprite

Five sprites are aligned on the first horizontal line (In
the G3 to G7 modes, 9 sprites are allowed)

C:z Collision flag
Two sprites have collided.

Fifth sprite number:
The number of the fifth {(or ninth) sprite.

MSB 7 6 5 4 3 2 1 0 LSB

5%l FL |LPS| Identification # FH Statue register 1

FL: Lightpen flag (Lightpen flag set)
If the lightpen is to detect light, this bit as well as the

IE2 bit must be both set in order for an interrupt to be
enabled. When S#l1 is read, FL is reset.

Mouse switch 2 (Mouse flag set)

The second switch on the mouse was pressed.
In this case, when S5#1 is read, FL is not reset.

LP5: Lightpen switch (Lightpen flag set)
The lightpen switch was pressed.

In this case, when S5#%#1 is read, LPS is not reset.

Mouse switch 1 (Mouse flag set)

The first switch on the mouse was pressed. ﬂgp
In this case, when 5%l is read, LPS is not reset. o - ufﬂ

Identification number: ~ - Ve :‘:P
The identification number (ID #) of the MS5X-VIDEO. '

FH: Horizontal scanning interrupt flag

Horizontal scanning interrupt (which is specified in R#19)
flag. 1If IEl is set, an interrupt is enabled. When S#l
is read, FH is reset.

M5B 7 6 5 4 3 2 1 0 LSB

582 TR |VR |HR |BD 1 l |EO |CE Status register 2

TR: Transfer ready flag
When the CPU sends commands to the VRAM and other devices,

the CPU checks this flag while transferring data. When this
flag is set to 1, transfer may be done.
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v

H

B

E:

H:

Dz

CE:

S#3
S#4
S#5
5#6

The above registers are set to

MSB

Vertical scanning line timing flag

Vi lEalw
Ve lank 65/_7//’; U f
Lﬁﬁf:&'ﬂ ~ =

Ceb Aurwan U lninﬁ.;rﬂ:

During vertical scanning, this flag is set to 1.

Horizontal scanning line timing flag f Sek Mﬂ'ﬁ*\ H"ﬁtﬂ"l‘k

During horizontal scanning, this flag is set to 1,

Boundary color detect flag

When the search command is executed, this flag detects
whether the boundary color was detected or not.

Display field flag
When 0, indicates the first field.
When 1, indicates the second field.

Command execution flag
Indicates that a command is being executed.

0 LSB

X0 Column register low

X8 Column register high

Yo Row register low

7 6 5 4 3 2 1
X7 |x6 |x5 |x4 [x3 [x2 [x1
11 frf1]1]1]1
Y7 |¥6 |¥5 |va |v3 |v2 [v1
1111 f1]1|e0

Y8 Row register high

indicate the collision locaticn of

sprites, the location of lightpen detectiocn, and the relative movement
of the mouse.

S&7

C7 |Cé

cs

C4 |C3 |C2 |C1

co Color register

The above color register is used when the POINT and VRAM to CPU

commands are executed.

S#B
5%9

The VRAM data is set in this register.

BX7 | BX6

[xoxe
Glo

BX5

BX4 | BX3 |BX2|BX1

BX0} Border X register low

BX8| Border X register high

When the search command is executed and the border <color has been
detected, the X coordinate is set in the above recisters.

10
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TEXT 1 MODE

Characteristics

= Pattern size : 6 dots (w) x 8 dots (h)
- Patterns 256 types
- Screen pattern count 40 (w) x 24 (h) patterns

- Pattern colors Two cclors out of 512 colcrs (per screen)
- VRAM area per screen 4K bytes

T TR

Controls

- Pattern font

- Screen pattern location
- Pattern color code 1

- Pattern color code 0

= Background color code

VRAM pattern generator table
VRAM pattern name table
High-order four kbits of R#7
Low=order four kbits of R#7
Low-order four bits of R#7

L L T ]

Initial Settings

1. Mode and Register Settings

MSB 7 6 5 4 3 2 1 0 LSB
RE0 0 |DG IE2|1E1 O*| O0*) 0*| © Mode register 0
R 1 o [eL Jieo] 1+] 0+] o [s1 [wac] moce register 1
R&8 HE-_ LP |TF |CB |VER 0 S-I"—IZ.IHE-I-I_ Mode register 2
RE9 LN | 0 |s1 |[s0 |1L [EO *#NT|DC | Mode register 3

* Examples of settings in TEXT 1 mode

** Indicates negative logic
All other bits are set accordingly

11
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2. Pattern Generator Table Settings

- The pattern generator table is an area that stores the pattern fonts.

- EBach pattern has a number from PNO to PNZ55.

= The font for each pattern is constructed from 8 bytes, and the lower
two bits of each of the eight bytes is not displayed.

- Set the beginning (head) address of the pattern generator table in
register R#4.

Mse 7 6 5 4 3 2 1 0 LEB

E#d4 0 ¢ |AL6|ALS|AL4|AL3|AL2|AL)| Pattern generator table
base address register

Pattern generator table

(X=1, O=0)

JF These bits are not displayed.

76543210 LSB
QOXO0000
OXOX0000
KOO0 X000
XOQOX000 — Pattern number 0
AXXXXO00
KOO0 X000
ZO00X0o00
000COO00
XXX XO000
X000X0o0o0
10 X000X000
11 XXXX0000 p—— Pattern number 1
12 XO0O0X000
13 X000X000
14 XXXX0000
15 00000000 —

=
o
m

|

AD OO ) O LT s L O S

L] - *

2040 XOXOX000 ———
2041 OXOXOXOO
2042 XOXOX0OO

2043 OXOXOX0O0 — Pattern number 255
2044 XOXOX0O0O0

2045 OXOXOX0Oo
2046 XOXOX000
2047 OXOXOXOO ——i

12
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. Pattern name table settings

- The pattern pname table is composed of one byte for each screen
pattern. Each byte specifies a unigue pattern.

- Set the beginning (head) address of the pattern name table in
register R#&2.

MSB & 2 4 3 2 1 0 LSB

E#2 0 |Al6|ALS|AL4(A13|AL2|AL1|ALO| Pattern name table
base address register

Pattern name table

Base address
{ 0, 0) 0 0 1 2 3 S 39 X
[ 1, D} 1 0 0 1 2 3l .. 39
( 2, 0) 2 1 40 41 42 43| . . 79
| 22 | sso| se1| . .. .| 919
(3%, 0) a9
23 9201 921 g . . z 959
{ 0, 1) 40
Y
! é . Screen display correspondence

(39,23) 959

13
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4. Color register settings

R§7

CO00O0H

003COR
00BOOH

01000H

013COH

01800H

MEB 7 6 5 4 3 2 1 0 LSB
TCI|TC2|TC1|TCO|ED3|BD2|BD1|BDO| Text color/Back drop color
register
Specifies pattern color
code 0 or back drop coler
Specifies pattern color
code 1
Example of VRAM allocation in TEXT 1 mode
MSBE 7 6 5 4 3 2 1 0 LSB
Pattern,
Name R#2 ¢ ¢ 0 0 C C c C
Table 0
Al6 AlS Al4 ALl AlZ A1l AlOD
MSB 7 & 5 4 3 2 1 0 LSBE
Pattern
Generator Riéd 0 0 0 o 0 0 0 1
Table 0
Al6é ALlS Al4 Al3 Al2Z ALl
MSRB 7 6 5 4 3 2 1 0 LSE
Fattern
Name &2 0 0 0 0 0 1 0 0
Table 1
Al6 AlS Al4 Al3 AlZ All ALO
MSB 7 6 5 4 3 2 1 0 LSB
Pattern
Generator R#d 0 0 0 0 0 0 1 1
Table 1
Al6 ALS5 Al4 A13 Al2 A1l

02000H

lFFFFH

A maximum of 32 pages may be allocated in
the same manner (using a 128K-byte VERAM).

14
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TEXT 2 MODE

Characteristics

= Pattern size
- Patterns
- Screen pattern count

&€ dotg (w) x B dote (h)

256 types

B0 (w) x 24 (h) patterns

B0 (w) x 26.5 (h) patterns

- Pattern blinking : Possible for each character

= Pattern colors Two cclors cut of 512 colcrs {(per screen),
four if using blinking

(L L1 (L

£l

= VRAM area per screen : BK bytes

Contreols

= Pattern font : VRAM pattern generator table

- Screen pattern locaticon : VRAM pattern name table

= Blink attributes : VRAM color table

= Pattern color code 1 : High-order four bits of R#7

= Pattern color code 0O : Low-order four bits of R&7

- Background color code : Low-crder four bits of R#7

= Pattern color code 1 : High-order four bits of R#l2

(Used for blinking)

= Pattern color code 0 : Low-order four bits of R#l2

(Used for blinking)

Initial Settings

l. Mode and Register Settings

MSB 7 6 2 4 3 2 1 0 LSB

R0 _P DG [IE2|IEl| O*| 1*| O0*| 0 | Mode register 0
Rl __ﬂ BL |IEO Mode register 1
REE :Er LP |TF Mode register 2
R§5 LN | 0 |81 |s0 |IL |EO f'ﬁT DC | Mode register 3

* Examples of settings in TEXT 2 mode

** Indicates negative logic

In this display mode, if LN is set to 1, 26.5 lines are selected,
and if LN is set toc 0, 24 lines are selected.

All other bits are set accordingly

2. Pattern Generator Table Settings

- The pattern generator table is an area that stores the pattern fonts.
- Each pattern has a number from PNO to PN255.

= Set the beginning (head) address of the pattern generator table in
register R#4.

MsB 7 6 5 4 3 2 1 0 LSB

RE4 o] o |me|ais|aafasfarz[an1] pattern generator table
base address register

15
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- The font for each pattern is constructed from 8 bytes, and the lower
two bits of each of the eight bytes is not displayed.

Pattern generator table

(X=1, O=0}

II These bits are not displayed.

=
L
=

76543210 LSB
QOX00000
OX0X0000
X000X¥00o0
XO00X000 — Pattern number 0O
RAXRREOOO
X000X000
XO0OX000
OOO00000
XXXX0000
XOQOX000D
10 XO0OX000
11 XXXXO000 — Pattern number 1
12 XO000X000

13 XO00X000

14 XXXX0000

15 00000000 ——

]

[T e B I = B I L P T

2040 XOXOX000 ———
2041 OXOXOX0DO
2042 XOXOX00O
2043 OXOXOX00 —— Pattern number 255
2044 XOXOX000
2045 OXOXOX00
2046 XOXOX000
2047 OXOXOX00 ———

3. Pattern name table settings

- The pattern name table is composed of one byte for each screen
pattern. Each byte specifies a unique pattern.

- If LN is set to 0, the screen display pattern is 80 (w) x 24 (h)l;
and if LN is set te 1, the screen display pattern is 80 Iw) x 26.5
thl+. The upper half of the 27th pattern (h) is displayed.

- Set the beginning (head) address of the pattern name table in
register R#2Z.

MSB 7 6 5 4 3 2 1 0 LSB

R&2 O JAl6(ALS|AL4 AL (AL2)] 1 1 Pattern name table
base address register

16
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Fattern name table

Base address
{ 0, 0) 0 0 1 2 3 . . 79 X
{ 1, 0) 1 0 0 1 p, 3 . i 19
{ 2, 0) 2 1 80 Bl B2 23 . A 159
' 25 |z000|2001] . .. . |2079
(79, 0) 79
26 |z2080|z081 . . ; « 12159
( 0, 1) 20

¥

Screen display correspondence

mrrmam e
L]

(79,26) 2159

4. Color table settings

= In TEXT 2 mode, each pattern has a separate bit for the attribute
area, and if this bit is set to 1, the pattern blirk attribute will
be set.

- Set the beginning (head) address of the color table in registers R#3
and R#10.
MSB 7 6 ) 4 3 2 1 0 LSB

R&3 Al3AL2IAL] AlUIAB 1 1 1 Color table

R#10 0 0 0 0 0 |Al6|Al5|Al4| base address registers

COLOR TABLE

MSB 7 6 5 4 3 2 1 0 LSB
Q¢ 0, 030 1, O3 §C 2, 03 |C 3, OY( 4, Q) }JC 5, 0)|( &, O)|( 7, 0) | Base
address

1j¢ &, 03j( 9, 0)| (10, Q)| (21, O} (12, O)|{(13, Q) |(14, O)|(15, O)

- -

- LI L]

[ ]
L 4 L w
.
-

2691 (72,26) . . . . . . (79,26)

17
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=

Color register settings

Set the color for pattern 1 in the high-order bits of register R#7.

- Set the color for pattern 0 in the low-crder bits of register R#7.

R&7

alternate

MSB 7

6

5

4

3

2

1

0

TC3

TC2

TCl

TCO

BD3

BD2

BD1

EDO

Set the blink attribute for the corresponding pattern by
color code in register R#l2.

Th

L&B

Text color/Back drop
color register

setting an
e pattern will be blinked

by using the color codes set in registers R#7 and R#12.

R¢l2

o

MSBE 7

6

5

4

3

2

1

0

T23

T22

T21

T20

BC3

BC2

BCl

BCO

+ Blink register settings

The coleor codes set in registers R#7 and R#1z
cisplayed for blinking; however,

LEB

Text color/Back color
register

will be alternately

the blinking period attribute (time

on and time off) can alsc be set in register R#13.

R#13

R #12

R &7

R #12

| = On time —|&— QOff time —=|

MSB 7 6 5 4 3 2 1 ©0 LSm
CM3 |ONZ |CN]1 |ONO |OF3 GFI:EFl CF0| Elinking period register
T ] L
O time OFF time
- The data for the ON and QOFF times are shown below. (NTSC)
DATA (Binary) TIME (ms) 1MT £
0000 0 o
0001 166.9 1o
0010 323.8 e
0011 500.6 10
0100 667.5 O
0101 834.4 = D
5.1 XD 1001.3 b o
0111 1168.2 N O
1000 1335.1 49
1001 1501.9 o D
1011 1835.7 T
1100 2002.6 \2.Q
1101 2169.5 1O
1110 2336.3 L O
1111 2503 .2 \ SO
18
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Example of VRAM allocation in TEXT 2 mode

00000H

00870H
00RDOH

00BOEH
01000H

01800H

02000H

02870H
C2A00H

02BOEH
03000H

03800H
04000H

1FFFFH

Pattern
Name

Table 0

- Color —
Table 0

Pattern
Grnerator
Table 0

Pattern
Name
Table 1

—=Color -
Table 1

Pattern
Generator
Table 0

Pattern name table base address

MSB 7 & 5 4 3 2 1 0 L5B

Eel 0 0 o 0 0 0 1 1

Al6 AlS Al4 Al3 Al2

Color table base address

MEB 7 & 3 4 3 2 1 0 LSB

R&3 D a 1 0 1 1 1 1

R#10 0 0 0 0 0 0 0 0

AlE& AlS Al4

Pattern generator table base address

MSB 7 6 = 4 3 2 1 0 LSB

R&4 0 0 0 0 0 0 1 0

Al6 Al5 Al4 Al2 AL2 All

A maximum of 16 pages may be allocated in
the same manner f{using a 128K-byte VRAM).

19
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MULTICOLOR MODE

Characteristics

- Screen composition

I

Controls

1

sprites

Color blocks

Sprite mode
VRAM area per

Color block color code

Color block location
Background coler cocde

Initial Eettings.

ECreen

-4 e

Ha

64 (wl x 48 (h) coler blocks
Sixteen colors out of 512 colcrs
Sprite mode 1

4K bytes

: VEAM pattern generator table

L1 [T}

VREAM pattern name table
Low-order four bits of Ré&7
VRAM sprite attribute table
VRAM sprite pattern takle

l. Mode and Register Settirngs

M5B

R#0
R#1
R#8

R+#9

*

Mode register 0

Mode recister 1

Mode register 2

Mode register 3

? % 4 3 2 1 0 Lse
o [og 11| o*| o] o+| o
BL o*| 1#] o [s1r [mac
M5 |LP |TF |CB |VER 0 SPD |BW
L | 0 |s1 |so |1n [Eo **n]nC

Examples of settings the display mode to the MULTICOLOR mode

** Indicates negative logic

2. Pattern Generator Table Settings

- The pattern generator table is an area that stores the colors of the
coler blocks.

- EBach pattern is made up of four color blocks.
approximately B8

area is 256 x 192 dots.

These patterns are

x B when the dots available for the screen display

== B dots —=
[
A
For each block A, B, C,
8 dots and D, sixteen colors may
be specified.
-

20
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= In the MULTICOLOR mode, two bytes are used for each pattern, and
each pattern includes four color blocks.

MSBE 7 6 3 4 3 2 1 0 L5B

quur.cndé A Célnr'cﬁdé B

Color code C | Color code D

- In the MULTICOLOR mode, for each pattern name, there are four

corresponding color blocks, and according to the y-coordinate, the
pattern names are automatically set.

MSB 7 6 5 4 3 2 1 0 L.5B

= A I B Color code A Color code B Pattern when
t t : . +- t Y=0, 4, B, 12, 16,
C , D Cﬂ%nr qﬂdeic Cn{nr ?ndeiﬁ or 20 is selected
E F Color code E Color code F Pattern when
+ + { 4 i b ¥Y=1, 5, 9, 13, 17,
Pattern G H Color code G Color code H or 21 is selected
name A 4 4 . . .
N v ' . ' . '
I J Color code I Color code J Pattern when
1 + + £ : i Y=2, 6, 10, 14, 18,
K L Color code K Color ?ndE'L or 22 is selected
M N Color code M Color code N Pattern when
1 t i i i 4 Y=3, 7, 11, 15, 19,
—_ 0 P Color code O Color code F or 23 is selected

- Set the beginning (head) address of the pattern generator table in
register R#4.

MSBE 7 6 5 4 3 2 1 0 L.SB

Réd 0 0 |Ale {AlS|Al4|ALl2 |AL2 |All | Pattern generator table
base address register

Pattern generator table

0 Base address
Pattern name #0

(Eight bytes)

B
Fattern name #1
(Eight bytes)

16

} i 2040

Pattern name #255

(Eight bytes)

I 2048

21
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3. ‘Pattern name table settings

= The pattern name table is composed of
pattern. Each byte specifies a unigque

Pattern name table

0 1 2 3 . .

L] m L] L] - L] L]

22 704 705 . . . e
23 736 737 . . . e
Y

- Set the beginning (head) address of
register R#2.

MSB 7 & 3 4 3 2 1

O
pa

ne byte for each s=creen

ttern number.

31 X

31

63

735

167

th

€ pattern name table

LSB

RE2 0 |Al6|AlS5 |A14|AL3 (A2 |A11

Pattern name table

Fattern name table

Base address
( 0, 0) 0
(1, 0) 1
( 2, 0) 2
(31, 0) 3l
( 0, 1) 32

(31,23} 167

22

base address register

in
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4. Color register settings

R#7

5. Sprite settings

HSB ]

B

5

4

3 2 1 \ LSB

TC3 |TC2 |TCl

TCO

BD3 [BD2 |EDL BDE| Text color/Back drop color

register

Speclf ies backdrop color

- Set the beginning (head)

registers

R#5 and R#ll;

Sprite pattern generator
Eprites, see the section

R#5

R#ll

E#6

Ignored

address of the sprite attribute table in
and set the beginning (head) address of the
table in register R#6. For details about
on EFRITE MODE 1.

RLO|AD JAB |AT Sprite attribute table

base address reaister

MSB 7 6 = 4 3 2 1 0 LS8
Al4 |Al3 [Al2|ALL
0 0 0 0 0 0 |Al6E |ALS
¥ 0 |Al6 [AlS

Al4|Al3|Al2|All | Sprite pattern generator

table base address
register

23
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Example of VRAM allocaticn in MULTICOLOR mode

00000H
Sprite
Generator
Table
(1024
byteg)
O0400H
Pattern
Name . 007 00H
Table | Sprite
(768 e attribute
bytes) |.- table
CO700H (128
bytes)
007 BOH
Q0B0OH
00800H
Pattern
00CO0H Generator
Table
(2048
bytes)
01000H
. . A maximum of 32 pages may be allocated in
. . the same manner {(using a 12BEK-byte VRAM).
1FFFFH | l

24
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GRAFHIC 1 MODE

Characteristics

- Pattern size : 8 dots (w) x 8 dots (h)
- Patterns 256 types

- Screen pattern count 32 (wl x 24 (h) patterns

- Pattern colors 16 colors out of 512 colcrs (per screen)
- Sprite mode Sprite mode 1

- VRAM area per screen 4K bytes

ok #§F §E &8 W

Controls

- Pattern font
- Screen pattern leocation

VRAM pattern generator table
VERAM ttern name table

- Pattern color codes 1 & 0 ¢ Can specified as a group for each
8-pattern set, in the VRAM color table

- Background ceclor code : Low-order four bits of R#7 ;

- Sprites : VRAM sprite attribute table, VRAM sprite

pattern table

Initial Settings
l. Mode and Register Settings

MSB 7 & 3 4 3 2 1

=] °

R#0 0 |G |IE2|IEl| O*| O*| O* Mode register 0
RE&l 0 |BL |IEO] O*) 0% ﬂ-hEI MAG| Mode register 1
R# 8 MS |LP |TP |CB |VR 0 {SPD|BW Mode register 2
RED LN | 0 |[s1 [so |1 [E0 **NT|DC | Mode recister 3

* Examples of settings in GRAPHIC 1 mode
** Indicates negative logic

25
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2. Pattern Generator Table Settings

The pattern generator table is an area that stores the pattern fonts.

- Each pattern has a number from PNO to PN255.

The font for each pattern is constructed from 8 bytes.

- Set the beginning (head) address of the pattern generator table in

register R#4.
MSB 7 6
R#4 0 0

Fattern generator

(X=1, O=0)

MSBE

=t
[ RN, RN WS N Y S —

[
[ %

=
L s e

2040
2041
2042
2043
2044
2045
2046
2047

Al€ |A15|Al4 |A13 |A12 (ALl

76543210

OOXXX000
OX000X00
XO0000X0
RO000CXO
ARXEXKKC
XO0000KD
XO00000X0D
CO000000
XKXXXXX00
X00000X0
X00000X0
AAXXXX00
Z00000X0
Z00000X0
AXXKRROO
COOCCO00

ROXOKOKO
OXOXOXOX
XOXOX0X0D
CROXOX0X
XOXOXOX0
OXOX0X0X
XOXOX0X0
OXOXOX0X

table

LEB

Base address

— Pattern number

—— Pattern number

— Pattern number

26

L.SB

Pattern generator table
base address register

0

!

255
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3. Pattern name table settings

— The pattern name table is composed ¢f one byte for each =screen
pattern. Each byte specifies a unigque pattern.

- Set the beginning (head) address of the pattern name table in
register R#&Z2.

MSB 7 6 3 4 3 2 1 0 LSB

R&2 0 |Alé |Al5|AL4|A12 |ALZ|All ([AlO| Pattern name table
base address register

Fattern name table

Base address
( 0, 0) 0 0 1 2 e Y
(1, 0) 1 0 0 1 2 T A 31
( 2, 0) 2 1 a2l a3l A4f A8) . . 63
’ 22 | 704| 708] . o e B R
(31, 0) 1]
23 | 736| 7371 . M veq
(0, 1) 32
Y

Screen display correspondence

(31,23) | 767 (byte)

4. Color register settings

MSB 7 b 5 4 3 2 1 0 LSB

R#7 TC3|TC2 |TCl |TCO|BD3 |BEDZ |BD1 |EDO| Text color/Back drop
color register

Specifies backdrop color
code
Ignored

5. Color table settings

= The colors for pattern color 1 and pattern color 0 are set in groups

of eight patterns.
- Set the beginning (head) address of the color table in registers R#3
and R#10.

27
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Mse 7 & 2 4 3 2 1 0 LSB

R&3 ALIIALZ|ALL[ALO|A9 |AB |AT7 |AG Color takle base address

R&10 0 0 0 0 0 |Al6|AlS5|AL4]| register

Color table

' Color code for part 1
| ’ i I ! I I Color code for part O

M5B ] & 5 4 3 | 1 0 LSB

Base address
0 FCI|FC2|FCl|FCO|BC3|BC2|BC1|{BCO] Pattern Nos. 0 to 7T
1 FCI|FC2|FC1|FCO|BC3|BC2|BC1|ECO| Pattern Nos. 8 to 15
e Y ! . E e T E &, . Eeg E -yl . . . P
il FCI|FC2|FCl|FCO|BC3|BC2|BCl1|BCO| Pattern Nos. 248 to 255

6. ©Sprite settings

- Set the beginning (head) address of the sprite attribute table 1in

registers R#5 and R#ll; and set the beginning (head) address of the
sprite pattern generator table in register R#6. For details on
sprites, see the section on SPRITE MODE 1.

MSB 7 6 3 4 3 2 1 0 LSB

R%5 Al4|Al3 A12|H11 AO|AY |AB |A7 Sprite attribute table
—_— — ]
R#11 0] 0 0 [ 0 0 0 |Al6|AlS5| base address reagister
R#6 0 0 |Al6|ALS|AL4|AL3|AL2|AL1| Sprite pattern generator
table base address
register

28
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Example of VEAM allocation in GRAFHIC 1 mode

00000H
Sprite
Generator
Table
(1024
bytes)
Q0400H
Pattern
Hame _ 007 00H
Table + )| Sprite
(768 L attribute
bytes) | .- table
cO0700H (128
bytes)
007 E0H
00B800H Color
- table
(32 bytes)q 007AQ0H
008COH
Pattern
00CO0H Generator
Table
(2048
bytes)
01000H
4 - A maximum of 32 pages may be allocated in
. . the same manner (using a 12BE-byte VRAM).
1FFFFH ‘ ‘
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GRAFHIC 2 AND GRAPHIC 3 MODES

Characteristics

- Pattern size

= Patterns

- ocreen pattern count
= Pattern colors

- Sprite modes

LE]

8 dots (w) x B dots (h)

768 types

32 (w) x 24 (h) patterns

16 colors out of 512 colers (per =screen)
Sprite mode 1 (GRAPHIC 2)

Sprite mode 2 (GRAPHIC 3)
- VEAM area per screen : 16K bytes

BE #F @k s

* The GRAPHIC 2 and GRAPHIC 3 modes are identical except for the
sprite modes.

Controls
= PFattern font ' : VRAM pattern generator table
- Screen pattern location : VRAM pattern name table

- Pattern color codes 1 & 0 : Can be specified as a2 group for each

raster, in the VRAM color table
- Background coclor code : Low=order four kits of R#7

- Sprites : VRAM sprite attribute table, VRAM sprite
pattern table

Initial Settings
l. Mode and Register Settings

MSE 7 [ 5 4 3 2 1 0 LsB

R20 0 |DG |[IE2|IE1| O*] 3*| ¥*| 0 | Mode register O

Meagc 0, 1 for GRAPHIC 2 mode
1, 0 for GRAPHIC I mode

R#1 0 |BL [1E0| 0*| 0*| 0 |SI [MAG| Mode register 1
R¥8 ms |[Lp |TP [cB [vR | 0 |sep|BW | Mode register 2
RE#S LN | 0 |81 |50 |IL |EO %*HT DC | Mode register 3

* Examples of settings in GRAPHIC 2 mode or GRAPHIC 3 mode

** Indicates negative logic
All other bits are set accordingly.
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2. Pattern Generator Table Settings

- The pattern generator table is an area that stores the pattern fonts.

= Each pattern group has a number from PNO to PN255; and since each
group may have three members, 768 patterns may be specified.

- The font for each pattern is constructed from B bytes.

Set the beginning (head) address of the pattern generator table in

register R#é4.

MSBE 7 6 3 4 3 2 1 0 LSB

E#4 0 0 |Al6[ALS|AL4}AL3| 1 1 Pattern generator table
base address register

3. Color table settings

- The colors for pattern color 1 and pattern color 0 are set as a
group of one raster.

The color table corresponds to the pattern generator table on a one-
to-one basis.

Set the beginning (head) address of the color table in registers R#3
and R#10.

MEB B 3 4 3 2 1 0 LSB

R#3 Al3| 1 1 1 1 1 1 1 Color table base address

R#10 0 0 ] 0 0 |Al6|AlS5|Al4] register

4. Color register settings

MSB 7 6 3 4 3 2 1 0 LSB

R#7 TC3I|TC2|TCl|TCO|BD3I|BD2|BD1|BDO| Text color/Back drop
color register

Specifies backdrop color
code
Ignored
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Fattern generator table

(X=1, 0=0)

Pattern number ©

Pattern number 1

Pattern number 255 —

2048

4096

6144

table

—

'—l
S 0o~ L e B D

Pattern generator

256 patterns

for upper
third of
ECreen

(2048 bytes)

256 patterns
for middle
third of
sECreen

(2048 bytes)

256 patterns

for lower
third of
ECreen

(2048 bytes)

L]

=
tn
=

OOXXX000
OX000X00
RO000CX0
X000Q0X0
KXXXXXXD
XO0000X0
ACCOCOX0
00000000
XXXAXXX00
XO0000X0
RO0CCOX0
11 XXXXXX00
R00000X0
X00000X0
AXRKKKKOO
QOo0C000

L]

=
Lad b

b
LI

L "

2040 XOXOXOXO0
2041 CXOXOXOX
2042 XOXOXOXO0
2043 OXOXOXO0X
2044 XOXOXOXO
2045 OXOXOXOX
2046 XOXOXOX0
2047 OXOXOXOX

Color pattern 1
Color pattern 0

Color table

76543210 LSB

MSE 76543210 LSB

00000000
00000000
00000000
QOO00000
00000000
0o0C000o0
Q0000000
CoO0CCo00
00000000
00000000
00000000
00000000
00000000
00000000
Q0000000
O0000000

L]

COQo0000
OC000000
00000000
00000000
00000000
00000000
00000000
00000000

|I||

256 colors
for upper
third of
EcCreen

(2048 bytes)

Base address

256 colors

for middle
third of
screen

(2048 bytes)

rhira

Middle
Third

256 colors

for lower
third of
screen

(2048 bytes)

Lower
Third

a2

Display screen
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3. Pattern name table settings

- The

pattern.

pattern name table is composed of one byte for each
Each byte specifies a unigue pattern.
- The upper, middle, and lower parts of the screen can be
three different parts, for a total of 768 patterns.
Pattern name table
( 0, Q) Pattern display area for upper (31, 0}
third of screen (256 bytes)
(0, T (31, 7)
( 0, 8) Pattern display area for middle (21, 8)
third of screen (256 bytes)
( 0,15) (31,15)
{ 0,16} Pattern display area for lower (31,16)
third of screen (256 bytes)
( 0,23) (21,23)
= Set the beginning (head) address of the pattern pame

register R#2.

R¥2

MSB 7 [ 5 4 3 2 1 0 LSB
0 [Al6|AlS|AL4|ALI|ALZ|ALLIALO
Pattern name table
Base address
{ 0, 01 0
( 1, 0) 1 — For
cf
(31, 7) 255
{ 0, B) 256
— Por
= of
(31,15) 511
( 0,15) 512
p— PO
= of
{31,23) 767 (byte)

33

Pattern name table
base address register

upper thircd

SCreen

SCEeen
used as
table in

middle third

screon

lower third

ECrean
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4.

Sprite settings

Set the beginning (head) address of the sprite attribute table in
registers R#5 and R4#11; and set the beginning (head) address of the
Eprite pattern generator table in register R#6. Por details about
cprites pertaining tc GRAPHIC 2 mode, see the section on SFRITE MODE
l, and for details about sprites pertaining to GEAPHIC 3 mode, see
the section on SPRITE MGDE 2.

MSB 7 & 5 4 3 2 1 0 LSB

R&5 Al4|Al3|ALl2|AL1]l |RA10)| A9| AB| AT Sprite attribute takle

E#11 0 0 0 0 0 0 |AL6|ALlS| base address register

P46 0 0 |Al6[AIS|AL4|AL3 AL2|ALl| Sprite pattern generator
table base address
register

34
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Example of VEBAM allccation in GRAPHIC 2 mode

QO000H

Pattern

Generator

Table

Upper
COBOOH

Pattern

Generator

Table

Middl e
01l000H . 01800H

Pattern ~ | Sprite

Generator - generator

Table - table

Lower s
01800H i :

01lCOO0H

02000H ) Sprite

Color x attribute

Table = table

Upper 01CBOH
02800H s

Color

Table %

Middle 02000H
03000H

Color

Table

Lower
03800H

Fattern

Name

Table
C3B0O0H
04000H

. i A maximum cof B pages may be allocatec in
. the same manner {(using a 12E8RK-byte VERAM).

1FFFFH ‘ |
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Example of VEAM allccaticn in GRAPHIC 3 mode

C0000H

COBOOH

Cl000H

Gl BOOH

02000H

02800H

03000H

03B00H

03BOODH
C4000H

1FFFFH

Fattern
Generator
Tabl e

Upper

Pattern

Generator
Table
Middle

Pattern
Generator
Table
Lower

Sprite
generator
table

Color
Table

Upper

Sprite
color
table

Color
Table

Middle

Sprite
attribute
table

Color
Table
Lower

Pattern
Name
Table

A maximum of 8 pages may be allocated in
the same manner (using a 12BK-byte VEAM).
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GRAPHIC 4 MODE

Characteristics

- Bit-mapped Graphice Mode
- Screen size : 256 {(w) x 212 (h) dots
256 (w) x 192 (h) dots

16 colcrs out of 512 colcrs (per screen)
Sprite mode 2

= Screen colors
- Sprite mode

#E % an

= VRAM area per screen 32K bytes

Controls

= Graphics : VRAM pattern name table

= Background color code : Low-order four bkits of R#7

- Sprites : VRAM sprite attribute table, VRAM sprite

pattern table

Initial Settings
l. Mode and Register Settings

MSE 7 & 5 4 3 2 1 0 LSB

R#0 _E_lEF IE2|IE1| O*| 1*| 1*] O Mode register 0
R#1 _Tr]}ﬁ. IEQ| O*| 0*| O |SI |MAG| Mode recister 1
REE M5S |LP |TP |CB |VR 0 |SPD|EW Mode recgister 2
R§9 LN | 0 [s1 [s0o |IL [EO **N1{DC | Mode register 3

* Examples of settings in GRAPHIC 4 mode
** Indicates negative logic

In GRAPHIC 4 mode, if LN is set to 1, the screen height is 212 doteg,
and if LN is set to 0, the screen height is 192 dots.
All other bits are set accordingly.
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2. Pattern name table settings

- The pattern name table is composed of one byte for every two dotes on

the screen. A color can be assigned for each dot from a selection
of 16 colors out of 512 colors.

4
(0, 0}}(1,0) (254, 0) (255, 0)
(0, 1) (255, 1)
b4
X ¢ X
(0,191) (235,191)
FEE AT B R R AN R L mE RN R m oA @ R @ Rk B R R e Rl e LH:EI
(0,211) (255,211)
e rrEE T RET TTACE P B R RN O N 3 OE @ EE B & A A S EEEEEEFEE E R R E L[‘;: l

= Set the beginning (head) address of the pattern name table in
register R#2.

MSE 7 & 5 4 3 2 1 0 LSB

Rt2 0 |AlejAlSs]| 1 1 1 1 1 Pattern name table
base address register

These two bits specify
the page to display

3g
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Pattern name takble

MSE 7 6 5 4 k| 2 1 0 LEB
1 E o, ﬂi 1 1: ﬂg BEase address
2 ( 2, 0) ( 3, 0) Set the color code for each
- . ' - -1 . dot in this table.
L] I LI T T T
127 (254, 0) (255, 0)
] d L ] g i
128 AT . ( 1, 1)
27134 (252,211) (253,211)
L 2 i i i 1
27135 (254,211) (255,211)

3. Color register settings

HSE 7 & 3 4 3 2 1 0 LsB

R&7 TC3|TC2|TC1|TCO|ED3|BD2|BD1|BDO| Text color/Back drop
color register

Specifies backdrop color
code
Ignored
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4. Sprite settings

= Set the beginning
registers

(head)

R#5 and R#ll;

sprite pattern generator

address of the sprite attribute table 1n
and set the beginning (head) addre=ss of the
table in register R#6. For details about

eprites, see the secticon on SFRITE MODE 2.
MSBE 7 6 5 4 3 2 J 0 LSB
RE&5 M4|AII|AMZ|AL|AID] 1 1 1 Sprite attribute table
Ri#ll D 0 0 0 0 0 |AlL6|AlS5]| base address register
E#6 0 C |Al6|ALI5|A14|AL3I|AL2|All| Sprite pattern generator

table base address
register

Example of VEAM allocation in GRAPHIC 4 mode

CO0000H
02000H FPattern
name
table
g 04000H
192 lines
06 000H
212 lines
06A00H
07000H
. 0B8000H
lFFFFH ‘ l

07000H

Sprite
generator
table
(2048
bytes)

07 800H
Sprite
color
table
(512
bytes)

07A00H
Sprite
attribute
table
(128

bytes)
07ABOH

OEBOOOH

A maximum of 4 pages may be allocated in
the same manner {using a 128K-byte VRAM).

40




V99318 MSX-VIDED USER'S MANUAL

GRAPHIC 5 MODE

Characteristics

- Bit-mapped Graphics Mode
- Screen size

- Screen colors

- Sprite mode
= VRAM area per screen

Controls

= Graphi

cE

= Background color code

- Sprite

g8

Initial Settings

l. Mode and

R#0
R#l
RE#8
R#9

MSE

L]

e

L1l

212 (w) x 212 (h) dots

212 (w) x 192 (h) dots

4 colors out of 512 colors (per screen)
Sprite mode 2

32K bytes

VRAM pattern name table

Low-order four bits of R#7
VRAM sprite attribute tabkle, VRAM sprite
pattern table

Register Settings

1*| O0*] 0*] 0 | Mode register 0

O*| 0 |SI |MAG| Mode register 1

VR 0 |SPD|BW Mode register 2

7 [ 5 4 3 2 1 0 LSB
0 |DG |IE2|IEL

0 |BL |IEO| O*
M5 |LP |TP |CB
LN | 0 |81 |50

—
IL. |EO f‘HT DC Mode register 3

* Examples of settings in GRAPHIC 5 mode
** Indicates negative logic

In GRAPHIC 3 mode,

if LN is set to 1, the screen height is 212 dote,

and if LN is set to 0, the screen height is 1% dots.
All other bits are set accordingly.
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2. Pattern name table settings

- The pattern name table is composed of one byte for every four dots
cn the screen. A color can be assigned for each dot from a
selectiocn of 4 colors out of 512 colors.

X
(¢, 0)|(1,0) (310, Q)}]{511, 0)
(0, 1) {511, 1)
Y (X, ¥)
(0,191) (311,191)
SEE PEF EE B P ES LT oTE EE B4 LB LA EEEE P E RS EE B AR E R Ln;
(0,211) (511,211)
R T LN =

- Set the beginning (head) address of the pattern name table in
register R#2Z.

MsB 7 6 5 4 3 2 1 0 LSB

R2 0 |Ale|AalS) 1 1 1 1 1 Pattern name table
base address register

These two bits specify
the page to display

¥
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Pattern name table

M5B

127
128

27135

LSBE
Base address

Set the color code for each
dot in this table.

LSE

T & 5 4 3 2 1 0
T T ¥ T
( 0, OO0 1, D)JC 2, O)Y|( 3, 0)
( 4, )¢ S5, 0))C 6, Q)| C 7, 0}
T T T T
(508,0) |(509,0)|(510,0)|(511,0)
( 0, 2)§C 1, 2)J¢(C 2, 10}C 3, 1)
{Elitﬁll]
3. Color register settings
MSE 7 [ 5 4 3 2 1 0
TCI|TC2|TC1|TCO|(ED3|BD2|BD]1|BDO

RE#7

Text color/Back drop

color reagister

Specifies backdrop color
code

4. gprite settings

registers

Set the beginning (head)
R#5 and R#ll:;

Sprite pattern generator
Eprites, see the section

R#5
R#11

R#6

Ignored

address of the sprite attribute table in
and set the beginning (head) address of the
tabkle in register R#6. For details about

on SFRITE MODE 2.
MSB 7 6 5 4 3 2 1 0 LSB
Ml4{Al3|{ALZ2|AL1|AI0| 1 1 1 Sprite attribute table
0 0 0 0 0 0 |Al6|AlS5| base address register
0 | 0 |AL6|{ALS|AL4| Al3|AL2|All| Sprite pattern generator

43
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register
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5. Hardware tiling function

- In GRAPHIC 5 mode, a hardware tiling function processes the sprite
and background colors. For these colors, you can specify four bits;
however, of these four bits, the higher-order two bits specify the
color code of the even dots, and the lower-order two bits specify
the color code of the odd dots of the x-coordinate (0 to 511).

- In GRAPHIC 5 mode, the size of one dot of a sprite is approximately
twice that of a graphices dot; however, when this tiling function 1s
used, one dot of a sprite may be displayed in two colors.

- The even and odd dots of the background coleor may also be specified
in the same manner.

Even dote

(0 2+ - . - 510)
—— 0dd dots (1, 3,

« + « 211}

Two graphics dots

A sprite dot

XXX

MSB 7))/ LEB Bits specifying sprite colers(4 bits)

44
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Example of VRAM allocation in GRAPHIC 5 mode

Q0000H
Pattern
name
02000H table
04000H
192 lines
06000H
07000H
- | Sprite
212 lines| . . generator
06A00H e table
5 {2048
07000H bytes)
07 800H
Sprite
color
table
(512
bytes
O7ADOH
Sprite
attribute
table
{128
bytes)
07AB0H
08000H STEEETE 08000H
. " A maximum of 4 pages may be allocated in
. . the same manner (using a 12BE-byte VRAM).
1FFFFH ! ‘
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GRAFHIC 6 MODE

Characteristics

- Bit-mapped Graphics Mode

- Screen size :+ 512 (w) x 212 (h) dots

512 (w) x 192 (h) dots

16 colors out of 512 colors (per screenl
Sprite mode 2

128K bytes (Two screens)

- Screen colors
- Sprite mode
- VRAM area per sCcreen

L (P T

* To use this mode, the VRAM must have 128K bytes.

Contreols

- Graphics : VRAM pattern name table

- Background color code : Low-order four bits of ER#7

- Sprites : VRAM sprite attribute table, VRAM sprite

pattern table

Initial Settings

1. Mode and Register Settings

MER 3 G B %k 3 2 ) 0 LSB

REO o oG |1E2 1311_1* o*| 1*] 0 | Mode register O
— - — ——

RE1 o leL 10| o*| o+] o [s1 |mac| Mode register 1

R#8 MS |Lp TE-TEB vk | 0 |sep|ew | Mode register 2

R#9 tn | 0 [s1 |so | [E0 **NT|DC | Mode register 3

* Examples of settings in GRAPFHIC 6 mode '
** Ipndicates negative logic

In GRAPHIC 6 mode, if LN is set to 1, the screen height is 212 dots,
and if LN is set to 0, the screen height is 192 dots.

All other bits are set accordingly.
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2. Pattern name table settings

- The pattern name tzble is composed of one byte for every two dots on
the screen. A color can be acsigned for each dot from a selection
of 16 coleors out of 512 colors.

X
(@0, 0)}{(1,0) (510, 0}|(511, 0)
(0, 1) (511, 1)
Y (X,¥)

(0,191) (511,191)
1 m A E EA EEA R PT R OEETANOR® W oR R R BW R R R SeEaE SE s Es EEEs s LH'_" D

(0,211) (511,211)
Y L s LE =1

- Set the beginning (head) address of the pattern name tabkle in
register R#2.

MsSB 7 6 5 4 3 2 1 0 LSB

R&2 Q 0 jale |1 1 1 1 1 Pattern name table
; k. 7 base address register

S ifies the page to display (In G6& and
G odes, the position of Al6 differs).
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FPattern name table

M5B

255

256

24270
-4271

LSB
BEase address

Set the color code for each
dot in this table.

LSB

7 6 5 &5 3 2 1 0

( 0, 0) ( 1, 0}

¢ 2, 0 ( 3, 0)
|
|
I

L T T T T T

(510, Q) {511, @)

! -+ { f g f

( 0, 1) ( 1, 1)

i L i ¥ i 1
|
[
I

(50B,211) (309,211}

+— : —t—

(310,211} {511,211}

L [ 1 i i 1

3. Color register settings
MSB 7 & 5 4 3 2 1 ]
TCI|TC2|TCLl|{TCO|ED3|BD2|BD1]|BDO

R&7

Text color/Back drop

color register

Specifies backdrop color
code

4. BSprite settings

registers

R#5

R#11

R#6

M5B

Ignored

Set the beginning (head) address of the sprite attribute table in

L R#5 and R#ll; and set the beginning (head) address cf the
sprite pattern generator table in register R#6. For details about
Eprites,

see the section on SPRITE MODE 2.

LSB

Sprite attribute table

bage address register

7 6 5 4 3 2 1 0
AL4|AL3 |A12IALL|ALOD| 1 1 1

0 0 0 0 0 0 |Al6 |ALS

0 0 |Al6|ALS|AL4 |AL3 |AL2|ALL

Sprite pattern generator

4

8

table base address
register
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Example of VRAM allccation in GRAPHIC €& mode

0000O0H
Pattern
Name
Table
04000H
08000H
OF000H
1 Sprite
192 line ‘| generator
OCO00H ] table
212 line o (2048
0D400H - bytes)
. OFBOOH
Sprite
color
; table
£ (312
: bytes)
OFAOOH
Sprite
attribute
table
' (128
5 by tes)
OFO000H OFABO0H
100000 s e eve e 10000H
. . A maximum of 2 pages may be allocated in
- . the same manner f(using a 128K-byte VRAM),
1FFFFH ‘ |
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GEAPHIC 7 MCDE
Characteristice

= Bit-mapped Graphics Mode

- Screen size : 256 (w) x 212 (h) dets
256 (w) x 192 (h) dots
256 colers (per screen)
Sprite mode 2

128K bytes (Two screens)

- Screen colors
Sprite mode
- VBAM area per screen

I
TR T

* To use this mode, the VRAM must have 128K bytes.

Controls

= Graphics : VEAM pattern name table

- Background color code : Low-order four bits of Ré7

- Sprites t VRAM sprite attribute table, VRAM sprite

pattern table

Initial Settings
1. Mode and Register Settings
MSB 7 6 5 4 3 2 1 0 LSB

R#0 __ﬂ DG IE%_;EI E:__}* 1*| 0 | Kode register 0
REl 'E BL IE&F-D* E:__b 51 E;E- Mode recister 1
R&8 WS |LP |TP |CB |VR | 0 |S5PD|BW | Mode register 2
R#9 LN | 0 |51 |80 |IL |EO :"*HT DC | Mode register 3

* Examples of settings in GRAPHIC 7 mode
** Indicates negative logic

In GRAPHIC 7 meode, if LN is set to 1, the screen height is 212 dots,

and if LN is set to 0, the screen height is 192 dots.
All other bits are set accordingly.
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2. Pattern name table settings

- The pattern name table is composed of one byte for every dot on the

SCreen. A color c¢an be acsigned for each dot from a selection of
256 colors.

X
(0, 0)|(1,0) (254, 0)](255, 0)
(0, 1) (255, 1)
Y (X, ¥}
{(0,191) (255,191)
B R s o S R 0 B AT s - = 4o o M S v o LN = 0
(0,211) (255,211)
e I, P ' e, 5, 7 T (MR R B B W R Gl B R 8 LE = 1

-~ Set the beginning (head) address of the pattern name table in
register R#2.

MSB 7 6 5 4 3 2 1 0 L5B

R#2 0 0 a6 |1 1 1 1 1 Pattern name table
base address register

—— Specifies the page to display; in the Gb
and G7 modes only, the location of the AlG6
bit differs.
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Pattern name table

MSB
¥
1

24270
54271

GREEN

L
ELUE

254, 211}

235,

I
211}

3. ©Color register settings

R&7

MSB

7

6

9

4

3

BD7

BD6

ED5

BD4

BD3

BC2

BD1

BLDO

4. ©Sprite settings

registers R#5 and R#11;

Eprite pattern generator

sprites, see the section on SFRITE MODE 2.
MSB 7 6 5 4 3 2 1 0

R#5 Al4IAL3 [A12|A11|AL0) 1 1 1

REll 0 0 0 0 0 0 |AlE |ALS

R#6 0 | 0 |AL6|ALS|AT4|ALZ|AL2|AL]

Set the beginning (head)

52

LsB

Base address

cZet the color code for each
dot in this table.

LSB

Text color/Back drop
color register

Specifies backdrop color
code

address of the sprite attribute table in

and set the beginning (head) address of the
table in register R#¥6. For details about

L5B

Sprite attribute table
base address register
Sprite pattern generater

table base address
register
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Example of VRAM allocation in GRAPHIC 7 mode

Sprite
generator
table
(2048
bytes)

Sprite

color

table
(512

bytes

Sprite

attribute

table
{128

bytes)

OO0DDODH
Pattern
Name
Table
04000H
OBOOOH
192 line
OCO000H
212 line
OD400H
OF0O00OH
10000H
1FFFFH

OF000H

QFB00H

OFAQQH

OFABOH

100C0H

I’H“ # 'r""-.|.|il_

L T RLEEF L i g, 7

-
[ "
‘-il:'--\.|.| of. k. F

T ’
¥ el e T T = T e

b I-"-".||.r‘

A maximum of 2 pages may be allocated in
the same manner

23

(using a 128K-byte VERAM).




COMMANDS

1. Types of Commands
It is very easy to use MSX-VIDEO commands to perfcrm functions such as

LINE and PSET for use with graphics, and for transferring parts of the
SCreen.

summary of Commands

Command Name |Destination |Source Late Fnemonic|CM3|CM2|CMLl]CMD
High-speed VRAM CPU Byte HMMC 1 1 1 1
mowv e VRAM VERAM Byte YMMM 1 1 1 0
VRAM VRAM Byte EMMM 1 1 0 1
VERAM VDP Byte HMMY 1|1 0| o
Logical move VRAM CPU Cot LMMC | 0 1 1
CPU VRAM Dot LMCM 1 0 1 0
VEAM VEAM Dot LMMM 1 0 0 1
VRAM VDF Dot LMMy 1 0 0 0
Line VRAM VDP Dot LINE 1] 1 1 1
Search V BEAM VDP Dot SRBCH 1] 1 1 0
FPset V EAM VDP Dot PEET 0 1 D 1
Foint VDP VRAM Dot POINT D 1l 0 0
Invalid 0 0 1 1
Inval id 0 ] 1 0
Invalid Q 0 0 1
Stop 0 jo] o] o

- Commands are executed in the MSX-VIDED by writing the data into R#46
{the Command Register, hereafter abbreviated CMR), and setting bit 0
of status register S#2 (CE/Command Execute) to 1. Before this can
be dore, the necessary parameters must be first have been get in
registers R#32 to R#45.

- When the command execution is complete, CE is set to 0.

- To abort a command while it is being executed, execute a STOFE.

= The results of command execution are only guaranteed during bit map
mode (Graphd4 to Graph7).
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2. Page Concept

The parameters used for the MSX-VIDED are all x-y coordinates. In
other words, the internal command processor of the MSX-VIDEO accesses
the entire VRAM area as x-y coordinates of the display mode.

When a screen is to be displayed, 212 lines of the same page are

displayed (selected by R#23). To select the page to be displayed, use
RE2.

When a command is being executed, the contents of the display screen
are ignored.

The display modes and their relationships to the coordinates are shown
in the table below.

GRAPH 4 Address GRAPH 5
00O000H
(0,0} (255,0) (0.0} {511,0)
Page 0 Page 0
(0,255) (255,255) (0,255) {511,255)
0B000H
(0,256) (255,256) (0,256) (511 ,256)
Page 1 Fage 1
(0,511) (255,511) (0,511) (511,511}
10000H
{0,512) (255,512) {0,512) (511,512)
Page 2 Fage 2
{0,767) (255,767) {0,767) (511,767)
18000H
{0,768) (255,768) {(0,768) (511,76&8)
Page 3 Page 3
(0,1023) (255,1023) (0,1023) (511.,1023)
1FFFFH
GRAFH 7 GRAPH &
00000H
(0,0} (255,0) (Q0,0) (511,0)
Page 0 Page 0
(0,255) (255,255) (0,255) (511,255)
10000H
(0,2586) (255,256) (0,256) (511,256)
Page 1 Page 1
(0,511) (255,511) {0,511 (511,511)
1FFFFH
2
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3. ‘Logical Operations

When the LINE, PSET, and LOGICAL MOVE commands are executed on the
MSX-VIDEO, the operations may be perfcrmed on the color on the screen.

To do leogical operations on the MSX-VIDEQ, write the lower four Lbits
of R#46 (Command register) simultanecusly when you specify the com-

mand.

Summaty of Logical Operations

NOT DC=5C

TIMP if 8C=0 then
TAMND if 8C=0 then
TOR if 8C=0 then
TEOR if 8C=0 then

TNOT if 8C=0 then

Hame Cperaticon LO3|LO2|LOL|LCO
IMP DC=5C

AND DC=SC*DC '
OR DC=S5C+DC o

ECGR DC=SC*DC+35C*DC

DC=DC
DC=DC
DC=DC
DC=DC
DC=DC

else DC=SC

else DC=SC*DC

else DC=EC+DC %1
else DC=S5C*DC+SC*DC
else DC=SC

HEFPEFEHEHEHE OO OODOD OO
b T O S S DS S
et el =l = Rl ol = o ol ol e ol o
Moo OoOHOFOHFOFRORFOD

* SC = Source Color code
* DC = Destination Color code

* EOR = Exclusive OR
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4. Explanations of Commands

4.1 HMMC (High-speed move CPU to VRAM)

The HMMC command transfers data from the CPU to the Video or expansion
RAM 1in a specified rectangular area (in x-y coordinates) via the MSX-

VIDEOQ.

Since the data

to be transferred is done in units of one byte, there

is a limitation, according to the display mode, on the value for =x.

Video or Expansion RAM

(DX, DY)

NY

— DIX

NX MEX- CPU
-— VIDEQ| <=—

l DIY

4.1.1 HMMC Execution Order

l. First, set the necessary parameters in the command register of
the MSX-VIDEO.

MXD s

D¥1
DY 3

NX:
NY:

Select destination memory

0: WVideo RAM
l: Expansion RAM

Basic x-coordinate of destination (0 to 511) *1
Basic y-coordinate of destination (0 to 1023)

Dots to move in x-direction (0 to 511) *1
Dots to move in y-direction (0 to 1023)

*1 MHNote that in the G4 and G6 modes, the lower cre bit, and in
the G5 mode, the lower two bits, are lost.

DIX:

DIY:

Direction for NX from x-coordinate of destination
0: Right

1: Left

Direction for NY from y-coordinate of destination
0: Down

l: Up

CLR (R#44:Color register):

First byte of data to be transferred

2. AMAfter you specify the above data, execute the command by writ-

ing 111

1 0000B into the CMR(R#46:Command register).

3. 'While éhe:king TR and CE in Status Register S#2, send the

second by

te and all bytes following into the CLR register.
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4.1.2

L&36

R#37

R#18

R#39

R#40

E#41

R#42

E#43

R#44

R#45

Setting up the HMMC register

MEB

&

5 4

3 2

DX7

DX6

DX5|DX4

DX3|DX2

DX1 | DX0

0

0

0 |DXB

DY?7

DY6

DY5|DY4

DY3|D¥2

DY1|D¥0

DY9 | DYE

NX7

NX6

NHS | NX4

NA3 | NXK2

NZ1| NXO

0 |NX8

WY/

NY6

NYS |NY4

RNY3] NY2

HY1| NYO

NY9 | NY8

CR7

CRE

CR5 |CR4

CR3 | CRZ

CR1 | CRO

X=ZN

X=2N

+]1

CR7

CR&

CR5| CR4

CR3 | CRZ

CR1|CRO

K=4N

X=4N+1

K=dN+2

X=4N+3

CR7

CRé

CR3 |CR4

CR3 | CRZ | CR1 |CRO

Cne dot

MXD| -

DIY |DIX

58

L.SH

DY ——

Basic
—destination
point

DY —

EX = Number of dots
to transfer,
X-direction

BY — HNumber of dotc

to transfer,
y-direction

(N=0,1,...127)

CLR (G5)

(N=0,1,...127)

CLR (7)) ———

ARG — Argument
register

+ Data to

transfer

———————— Data transfer direction (x)
Data transfer direction (y)
Data destination select
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4.1.3 Execution of HMMC commands

Msp 7 ] 5 4 3 2 1 0

R#46 1 1 1 1 - - - -

4.1.4 Flowchart of HMMC execution

( HMMC START )
|

Setup MSX-VIDEO
. I
Execute Command

.

Read Status Register #2

End of Command?

Ho (CE=1)

Transmit Ready?
No (TR=0)
Yes (TR=1)

Data Transmit
J

L5B

CMR

LHHHCIEHD]

59
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4.2 YMMM (High-speed move VEAM to VRAM, y only)

The YMMM commanc transfers data from the area specified by DX, 8Y, NY,
DIX, DIY and the right f{or left) edge of the Video RAM, in the y-
direction determined by DY.

Video or Expansion RAM

(DX, DY}

(DX, S5Y) - DIX
I

l DIY

4,2.1 YMMM Execution Order

1. First, set the necessary parameters in the command register of
the MSX-VIDEO.

MXD: Select destination memory
0: Video RAM
l: Expansion RAM
DY ; Basic y-coordinate of destination (0 to 1023)

DX: Basic x-coordinate of source point (0 to 511) *1
SX: Bagsic y-coordinate of scurce point (0 to 1023)

NY: Dots to move in y-direction (0 to 1023)

*1 Note that in the G4 and G6 modes, the lower one bit, and in
the G5 mode, the lower two bits, are lost.

DIX: Direction for x-coordinate of source point to the right
or left end of screen

0: Right
l: Left
LIY: Direction of source point from NY
0: Down
l: Up

2. MAfter you specify the above data, execute the command by
~__Writing 1 1 11 000 0B into the CMR(R#46:Command register).

'3. The above procedure will execute the YMMM command in the MSX-
VILDEOQ. While executing the YMMM command, the CE bit of the
status register (S5#2) will be set to 1, and when the command is
complete, it will be reset to 0.
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4.2.2

LEdd

R#35

E#36
R#37

RE®38

R&39

R#42

R#43

R#45

4.2.3

R&46

Setting up the YMMM register

MsSBR 7 & 5 4 3 2 1 0 LSB
EYT|I5Ye | 5Y5 | S5Y4 | 5Y3|5Y2|5Y1| 5YD
SY —
0 ] 1] i} 0 H SY9|S5Y8
— Basic transfer
DX7|DX6|[DXS |DX4|DX3 |DX2|DX1|DXO point
Dx —
] 0 I} 0 0 0 0 |DXB
[DY? DY6 |DYSILY4|DY3 |DYZ2|DY1 |DYO
DY = Destinaticn
0 0 0 0 0 0 |DYY9 |DYB transfer point
HNY7 | NYE | NYS | NY4 | NY3 | NYZ2 | NY1 |NYO
BY — Number of dctse
i 0 0 0 0 0 |HY9 |NY8 to transfer,
y=dlirection
0 - |MXD| - |DIY|DIX| - - ARG — Argument register

Execution of ¥YMMM Commands

MSB 7

&

5

4

3

2

1

1

1

0
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Data transfer direction (x)

Data transfer direction (y)
Data destination select

LS8

CMER
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4.3

HMMM (High-speed move VRAM to VERAM)

The HMMM command transfers data in a specified rectangular
the VRAM or the expansion RAM to the VRAM or the expansion RAM.

Since the data to be transferred is done in units of one by
is a limitation, according to the display mode, on the value for x.

4.3.1
1'

2.

Video or Expansion RAM

L5X, 5Y)

— NK —+ DIX
NY
L

|

DIY
(DX, DY)

HMMM Execution Order

First,

MXS5:

MXD ;

SXs
SYs

NY 3

DIX:

LIY:

DX:
DY :

®*1 Note that in the G4 and G& modes,

area from

te, there

set the necessary parameters in the command register of
the MSX-VIDEO.

Select source memory
0: Video RAM

l: Expansion RAM
Select destination memory
0: Video RAM

l: Expansion RAM

Source point x-coordinate (0 to 511) *1
Source point y-coordinate (0 to 1023)

Dots to move in x-direction (0 to 511) *1
Dots to move in y-direction (0 to 1023)

Direction for NX from source point

0: Right

l: Left

Direction for NY from source point
0: Down

1: Up

Basic x-coordinate of destinaticn (0 to 511) *1
Bagic y-coordinate of destination (0 to 1023)

the G5 mode, the lower two bits of SX, DX, and NX,

the lower orne bit, and in

are lost.

After you specify the above data, execute the command by writ-
ing 1 1 01 000O0B into the CMR(R#46:Command register).
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3.

R#32
R#33

R#34
E#35

R#36

R#37

R#38
R$#39

E#40

R#4l

R#42

E#43

R#45

4.3.3

RE46

SX-VIDEQ USER'S MANUAL

The above procedure will execute the HMMM command in the MSX-
VIDEQ. While executing the HMMM command, the CE bit of the

status register (5#2) will be set to 1, and when the command is
complete, it will be reset toc 0.

Setting up the HMMM reg.ster

MSB 7 [ 5 4 3 2 1 0 L.SB

SKT|SX6|5X5| SX4]| 5X3|5X2|5X1 | 5X0
SX  —
0 0 0 0 0 0 0 |SXe
—— Basic transfer
point
EYTISYE | BYS|SY4 | SY3| SY2|5Y1 | 5Y0
SV
0 0 0 0 0 0 1s5v9|s5va
DEXTIDXG | DXS|DXS | DX DX2|{DX1|(DX0D
DX =—
0 ] i 0 0 0 0 |DXB
—— Destinaticn
transfer point
DY7|DY&|DYS | DY4 |DY3|DY2|DY1|DYOD
DY —
0 0 0 | 0 0 0 |DY9|DYS8
NXT7|NX6 | NXS|NX4 | NXI | NX2 | NX1| NXD
BX =— Humber of dote
0 0 0 0 0 0 0 |NXB to transfer,
¥x-direction
EYTINYE | HYS | NY4 [HY3|NY2Z | HNY1| NYD
BY — HMNumber of dots
0 0 0 0 0 0 |NY9|NYE to transfer,
y=direction
0 - |MXD|MXS|DIY|DIX| - - ARG

Data transfer direction (x)
Data transfer direction (y)
Source memory select
Destination memory select

Executing the HMMM command
MSB 7 6 5 4 3 2 1 0 LSB

1 1 0 1 o - - = CMR
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4.4

EMMV  (High-speed move VDP to VERAM)

The HMMV command is used to paint in a specified rectangular area of
the VEAM or the expansion RAM.

Since the data to be trarsferred is done in units of one byte, there
is a limitation, according to the display mode, on the value for x.

4.4.1
1.

Video or Expansicn RAM

(DX, DY)

= DIX
NX M5X-

WY VIDEOQ

-

DIY

HMMV Execution Order

First, set the necessary parameters in the commangd register of
the MSX-VIDEO.

MiD: Select destination memory
0: WVideo RAM
l: Expansion RAM

NX: Dots to move in x-direction (0 to 511) *1
NY: Dots to move in y-direction (0 to 1023)

DIX: Direction for NX from source point

0: Right
l: Left
DIY: Directicn for NY from source point
0: Down
l: Up

D¥ : Baslc x-coordinate of destination (0 teo 511) *]
DY : Basic y-coordinate of destination (0 to 1023)

*1 Note that in the G4 and G6 modes, the lower ore bit, and in

the G5 mode, the lower two bits of DX and NX, are lost.

CLR: Color code data

After you specify the above data, execute the command by writ-
ing 1 1 00 0D 00O into the CMR.

The above procedure will execute the HMMV command in the MSX-
VIDEO. While executing the HMMV command, the CE bit of the

Status register (5#2) will be set to 1, and when the command is
complete, it will be reset to 0.
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4.4.2
R#316
R#37

R$38

E%#39

R&#40

E#41

R¢42
F#43

R#44

R&45

4.4.3

R#46

Setting up the HMMV register

MSE 7 & 5 4 3 2 1 0 LSB
DX7|DX6|DXS|DX4 |DX3|DX2{DX1 |DX0
DY —
0 0 0 0 0 0 0 |Dx8
— Destnation
transfer point
DY7 |DYE|DYS|DY4 |DY3|DY2|DY1|DYO
DY ==
0 0 0 0 0 0 |DY9|DYSB
NXT7INEG| NXS|NX4 | NXI | KX2]| KX] | KXQO
KX — HNumber of dote
0 0 1] 0 0 0 0 |HXE to transfer,
x=-direction
NYT[NYG| NYE | NY4 [NY3I | NYZ2 | NY1 | NYO
RY — HNumber of dots
0 0 0 0 0 0 |NY9 |NYB to transfer,
y=direction
CR7 |CRE6|CR5| CR4 |CR3 |CR2 |CR1 |CRO CLE (G4, GO} =—
X=2H K= N+1 (N=0,1,...127)
CR7 |CRE& | CRS | CR4 |CR3 |CR2 |CR1 |CRO CLE (G5) Data to
transf er
X=4N K=4N+l X=4N+2 X=4N+3 (N=0,1;...127}
CR7 |CR6| CRS | CR4 |CR3 |CR2Z |CR1 |CRO CLE (C7)
Cne dot
0 - MXD| - (DIY|DIX| =- - ARG

MSB 7

Data transfer direction (x)

Data transfer direction (y)

& =

4

3

Executing the HMMV command

2 1

Destination memory select

1

1 0

0

E CMR
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4.5 'LMMC (Logical move CPU to VRAM)

The LMCC command transfers data from the CPU to the Videa Or exXpansion
RAM in a specified rectangular area (in X-y coordinates) via the MsX-

VIDEC.

Since the data to be transferred is done in units of dets=, loaical
operations may Le done cn the destination points.

Video or Expansion RAM

(DX, DY)
— DIX
HX MSX~ CEU
WY ’ VIDEG| +——
|} prv

4.3.1

LMMC Execution Order

First, set the nececsary parameters in the commané register of
the MSX-VIDEO.

MAD: CZelect destination memory
0: Video RAM
l: Expansion RAM

DX: Basic x-coordinate of destination (0 to 511)
DY : Basic y-coordinate of destination (0 to 1023)

NX: Dots to move in x-direction (0 toc S511)

NY: Dots to move in y-direction (0 to 1023)

DIX: Direction for NX from x-coordinate of destinaticn
0: Right
1: Left

CIY: Direction for NY from y-coordinate of destination
0: Down
l: Up

CLR: First byte of data to be transferred

After you specify the above data, execute the command. Write 1
0 1 1 B into the higher four bits of the command register

(CMR), and place the logical operation code in the lower four
bits of CMR.

While checking TR and CE in Status Register S5#2, send the
gecond byte and all bytes follewing into the CLR register.
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4.5.2

R#l6

E#37

F#3B

R435

R&40

R#dl

R#d2

FE#43

Red4g

R#45

4.3.3

REde

M5B

MSHB

getting up the LMMC register

7 6 5 4 3 2 1 0
DX7|DX6|DXS|DX4|DEI|DX2|DX1|DXO
] 0 (1] 0 0 0 0 [DXE
DY¥7|DY6|DYS|DY4iDY3I|DY2|DY1|DYO
0 0 0 0 0 0 |DYS|DYE
NE7T | NEXG | NES|NX4 | NXI | EX2I NX1| NXO
0 0 0 0 0 0 0 | HXB
NY7|NYG | NYS |NY4 | NYI | NY2 | NY1| NYO
0 0 0 0 0 0 |NY9|NYS8
- = = - |CR3 |[CR2|CEl|CRO
- - - - - - |CR1 |CRO
CR7 |CR6 |CRS5 |CR4 |CR3 |CR2 |CR1 | CRO
0 = IMED| - |DIY|DIX| - -
Execution of LMMC commands
7 6 5 4 3 2 1 0
1l 0 1 1 |LO3|Lo2 L0l [LOD

LEB
DX e
Basic
—destination
point

oy —

A — MNumber of dotg
to ;ransfer,
¥-direction

EY =— Number of dotc

to transfer,
y=cdirection

CLR (C4, G6) —

CLR (C5) - Data to
transfer

CLE (GT)

ARG

Data transfer direction (x)
Data transfer direction (y)
Data destination select

L5B

CMR
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4.3.4

Flowchart of LMMC execution

(_LMMC START )
J

Setup MSX-VIDEO
i
Execute Commang |

Read Status Register #2

End of Command?

Ho (CE=]1)

No

(TR=D)

_Transmit Ready?

Yes (TR=1)

L?ransmit Data
I

|
(_LMMC END )

68
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4.6 LMCM (Logical move VEAM to CPU)J

The LMCM command transfers data from the Video or expansion RAM to the
CPU, in a specified rectangular area (in x-yv coordinates) via the
MSX-VIDEOQ.

The data is transferred in units of dots,

Video or Expansion RAM

(8K, 5Y)
—+ DIX
NX M5X- CPU
NY * |VIDEQ|——
‘ DIY

4.6.1 LMCM Execution Order

l. First, set the necessary parameters in the command register of
the MSX-VIDEO.

MES: BSelect scurce memory
0: Wvideo RAM
l: Expansion RAM

S5X: Basic x-coordinate of source point (0 to 511)
5Y;: Basic y-coordinate of source point (0 to 1023)

NK: Dots to move from source point in x-direction (0 to 511)
NY: Dots to move from source point in y-direction (0 to 1023)

DIX: Direction for NX from x-ccordinate of source point

0: Right
l: Left
DIY: Direction for NY from y-coordinate of source point
0: Down
l: 0Op

- %+ After you specify the above data, execute the command by writ-
' ~ ing 1 01 0 0 0 0 0 B intc the CMR.

3. While checking TR and CE in Status Register S#2, read Status
Register S5#7.

69




-

VI993E MSX-VIDEO USER'S MANUAL

4.6.2 BSetting up the LMCM register
KSE 7 & 5 q 3 2 1 0 LSB
R#32 SX7 |EX6 |SX5|5X4 |5%3|5x2|5X1 |sx%0
EX —
RE#33 a0 a 0 0 0 0 0 |SX8 Basic
— EBEOCOUrce
point
E#%34 SY7 |5Y6 |5Y5 [S5Y4 |8Y3 |8Y2|5Y1|8Y0
SY =
E#35 0 1] 0 0 ] 0 |5Y9 |SYE
R&40 NXT |NX6 |NX5 | NX4 [NX3 |NX2 | X1 |NXO
KX =— Number of dots
E#4l 0 1] 0 0 o 0 0 |HXE to transfer,
X=direction
R#42 KYT7 |NY6 [NYS |NY4 |NY3 |NY2 |NY1 | NYO
RY = Number of dots
R#43 1] 0 0 (1] 1] 0 |NY9|NYB to transfer,
y-direction
R&45 0 - - |MXS [DIY|DIX| - - ARG
Pata transfer direction (x)
Data transfer direction (y)
Source memory select
4.6.3 Execution of LMCM commands
MSE 7 (7 5 4 3 2 1 0 LSB
R#46 1 0 1 ] - - - - CMR
S47 Cl |CO Status Register S#7 {G4,}
G6
S#7 Cl |CO Status Register S#7 (G5)
S#7 Cl |CO Status Register S#7 (G7)
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4.6.4 Flowchart of LMCM execution

( LMCM START )
|

Setup MSX-VIDEO
[
Execute Command

Read Status Register #2

No (TR = 0)
Yes (TR=1)}

Read Status Reaister #7
—

=

Command End?
Ho (CE = 1)
(CE = 0}

( LMCM END )

Notes 1. TR must be reset before the command is executed. Read
Status Register #7 when you set up the MSX-VIDEO.
2. Even though the data is set in Status Register #7 and TR=1,
the command will be completed within the MSX-VIDEQ and CE
is set to 0.
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4.7 LMMM (Logical move VRAM to VERAM)

The LMMM command transfers data in a specified rectangular arez from
the VEAM or the expansion RAM to the VEAM or the expansion RAM.

Since the data to be transferred is done in unites of dots, logical
operations may be done on the destination data.

Video or Expansion RAM

(85X, 5Y)

WX = DIX
NY

| pry
(DX, DY)

4.7.1 LMMM Execution Order

1. First, set the necessary parameters in the command register of
the MSX-VIDEO.

MX5: GSelect source memory
0: Video RAM
l: Expansion RAM

MXD: Select destination memory

0: Video RAM
l1: Expansion RAM

S5X: Source point x-coordinate (0 to 511)
5Y: Source point y-coordinate (0 to 1023)
NX s Dots to move in x-direction (0 to 511)
NY: Dots to move in y-direction (0 to 1023)
DIX: Direction for NX from source point
0: Right
1: Left
CIY: Direction for NY from source point
0: Down
l: Up
DX : Basic x-coordinate of destinpation (0 to 511)
DY 1 Basic y-coordinate of destination (0 to 1023)

2. After you specify the above data, execute the command. Write 1
0 01 B into the upper four bits of the command register (CMR)

and the logical operation into the lower four bits.
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3. The above procedure will execute the LMMM command in the MSX-
VIDEO. While executing the LMMM command, the CE bit of the

status register (5#2) will be set te 1, and when the command is
complete, it will be reset to 0.
4.7.2 BSetting up the LMMM register

MSB 7 6 5 4 3 2 1 0 LS8

E&#32 SX7|SX6|SX5|SX4|s5X3|8K2|sx1|5%0
SX =
R#33 0 W] 0 0 0 0 0 |SXE
—— Basic trensfer
point
E#34 SYT|EY¥6 | SYS| SY4|s5y2|sy2 SY¥1]EY0
DY —
R#35 1] 0 0 0 0 0 |5Y9|[SYB
R#36 DX7|DX6 |DX5|DX4|DX3|DX2|DX1|DX0
DY —
R#37 1] 0 0 0 4] 0 0 |DX8
~——— Destination
tLransfer point
E®38 DY?7|D¥Y6 |DYSIDY4 |DY2|DY2IDY1!|DYOD
DY ==
E#39 0 0 0 0 0 0 |DY9|DY8
R#40 NXT | NX6 | NXS|NX4|NXI | N2 NX1 | Nx0
NX — Number of dots
E&4]l 0 0 0 0 0 0 0 |Kxe to transfer,
¥=direcktion
E#42 NY7 |NY6 | NYS |NY4 | NY3 | NY2 | NY1|NYOQ
KY — Number of dotg
RF#43 (1] i] 0 0 0 0 |NY9 |NYB to transfer,
y=direction
R#45 0 = |MXD|MXS|DIY|DIX| - - ARG

Data transfer direction (x)
Data transfer direction (y)
Source memory select

Destination memory select

4.7.3 Executing the LMMM command

MSB 7 6 5 4 3 2 1 0 LsB

R#d6 1 0 0 1 |LO3|LO2|LOL |LOO| CMR

Logical operation
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4.8 LMMV (Logical move VDP to VRAM)

The LMMV command paints in a specified rectangular area of the Video
or Expansion RAM according to a specified color code.

The data is transferred in units of one dot, and a 1logical o¢operation
may be done on the destination data.

4.8.1
1.

Video or Expansion RAM

(DX, DY)

—> DIX

NX M5X-
VIDEC

4

N

Y
l DIY

LMMV Execution Order

First, set the necessary parameters in the command register of
the MSX-VIDEO.

MXD: Select destination memory
0: WVideo RAM
l: Expansion RAM

WXz Dots to move in x-direction (0 to 511}

NY: Dots to move in y-direction (0 to 1023)
DIX: Directicon for NX from source point

0: Right

l: Left
CI¥: Direction for KY from source point

0: Down

l: UOp

DX: Basic x-coordinate of destination (0 to 511)
DY : Basic y-coordinate of destination (0 to 1023)

CLR: Color code data

Af ter you specify the above data, execute the command. Write 1

0 0 0B into the upper four bits of the command register (CMR),
and the logical operation into the lower four bits of the CMR.

The above procedure will execute the LMMV command in the MSX-
VIDEO. While executing the LMMV command, the CE bit of the
status register (S#2) will be set toc 1, and when the command is

complete, it will be reset to 0.
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4.B.2

R#36

R4#37

R#38B
R#39

E#40

E#4l

R#42
E#43

R&#d4

R#45

Setting up the LMMV reaister

LSB
D}{ =y
—— Destination
transfer polnt
DY —
BX = Number of dote

to transfer,
Xx-direction

EY — HNumber of doteg
to transfer,
y-direction

CLER (G5) + Data to
transfer

CLER (G7) —d

ARG

Data transfer direction (x)

MSB 7 b 5 4 3 2 1 0
DX7|DX6|DX5|DX4|DX3|DX2|DX1|DX0
0 0 0 0 0 0 0 |DX8
DY7|DY6|DY5|DY4|DY3|DY2|DY1|DYO
0 0 0 0 0 0 |DY9|DYS8
NXT | HX6 | NX5 | NX4| NX3 | NX2 | NX1| NXO
0 0 0 0 0 0 0 |NXB
NY7 | NY6 | NY5 | Ny4 | NY3 | NY2 [NY1|NYO
0 1] 0 0 0 0 |NY9|NYB
0 0 0 0 |C3 |C2 |Cl |cD
0 0 0 0 0 0 |C1l |CO
C7 |C6 |C5 |c4 |C3 |C2 |Cl |coO
- - |MXD| - |DIY|DIX| - =
/4.8.3 Executing the LMMV command
MSE 7 6 5 4 3 2 1 0
1 0 0 0 |LO3|L02|LO1 |LOOD

R#46

Data transfer direction (y)
Destination memory select

L.5B

CMR
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4.9

LINE

The LIME command draws a straight line in the Video or Expansion RAM,

The line drawn 15 the hypoteruse that results after the long and short

sides

of a triangle are defired. The two sides are defined as

distances from a single point.

4.9.1

Video or Expansion RAM

(DX,DY}

LINE Execution Order

First, set the necessary parameters in the command register of
the MSX-VIDEO.

MXD: Select destinaticn memory
D: WVideo RAM
l: Expansion RAM

#aj: MNumber of dots in long side (0 to 1023)
Min: MNumber of dote in short side (0 teo 511)

MAJ: Direction for long side
0: Long side is in x-axis
l: Long side is in y-axis (or x-axis = y-axis)

DIX: Direction from source point te end point

0: Right
l: Left
DIY: Direction from source point to end point
0: Down
1: Up
DX : Basic x—-coordinate (0 to 311)

DY : Basic y-coordinate (0 to 1023)

Af ter you specify the above data, execute the command. Write 0
111EB into the upper four bits of the command register (CMR),
and the logical operation into the lower four bits of the CMR.

The above procedure will execute the LINE command in the MSX-

VIDEQ. While executing the LIME command, the CE bit of the
status register (S#2) will be set to 1, and when the command is
complete, it will be reset to 0.
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4.9.2

R&36
R#37

R&38

R&39

R&40

E#dl

R#42
R#43

R#44d

R#45

4.9.3

E#46

Setting up the LINE register

(NX)

{ KY)

(G4,

(G5)

(C7)

—— Basic point

=kumber of deots
in long side

-Number of dote
in short side

GB) —

— Data to
transfer

Long side direction select
End point direction (x)
End point direction (y)
Destination memory select

M5B 7 & 5 4 3 2 1 0 LEB
DX7|DX6|DX5|DX4|DX3|DX2|DX1|DX0
DX
0 0 0 0 0 0 0 |DX8
DY7|DY6|DY5|D¥4 |DY3|DY2|DY1|DYO
DY
0 0 0 0 0 0 |DY9|DYS8
MI7 |MJI6|MIS |MT4 [MI3 |MJ2Z|MI1|MJO
Kaj
0 0 0 0 0 0 |MI9|MIB
MI7|MIG6|MIS|MI4 |{MI3|MIZ|MI1|MIO
Min
0 0 0 0 0 0 0 [MIB
0 0 0 0 |C3 |C2 |C1 |co CLR
0 0 0 0 0 0 |C1 |[CO CLR
C7 |C6 |C5 |C4 |C3 |C2 |Cl1l |cO CLR
0 - |MXD| - |DIY|DIX| - |MAJ ARG
Executing the LINE command
MEB 7 & 5 4 3 2 1 0 LSB
0 1 1 1 |LO3 |LOZ2|LOLl|LOO| CMR
17

Logical operation
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4.10 SRCH

The SRCH command searches for a border color in the Video or Expansion
RAM to the right or left of a basic point.

Video or Expansion RAM

(8X, 8Y) DIX

ﬁﬂrder
Color Point

4.10.1 SRCH Execution Order

l. First, set the necessary parameters in the command register of
the MSX-VIDEO.

MXD: Select search memory
0: Video RAM
l: Expansion RAM

DIX: Direction from source point to search

0: Right
l: Left
EQ: When 1, ends execution when border color is found.

When 0, ends execution when a color other than the
border color is found.

5X: Basic x=-coordinate for search (0 to 511)
5Y: Basic y-coordinate for search (0 to 1023)

CLR: Coler code data

2. After you specify the above data, execute the command by
writing 01 1 0 0 0 0 0 B into the CMR.

3. The above procedure will execute the SRCH command in the MSX-
VIDEO. While executing the SRCH command, the CE bit of the
status register (S#2) will be set to 1, and when the command is
complete, it will be reset to 0. If the color is found the BD
bit is set to 1.
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4.10.2 Setting up the SRCH register
MSB 7 6 5 4 3 2 1 0 LSB

L&#32 SX7| SX6|5X5|SX4|5X3|5X2|SX1] 5X0
SX —
R#33 0 0 0 0 0 0 0 |Sx8
—— Basic point
for search
R#34 SY7|5Y6|SY5|SY4|SY3|5Y2| S5Y1| 5Y0
8Y —
R#35 0 0 0 0 0 0 | 5¥9 | SY8
Rtd4 0 0 0 0 |C3 (C2 JC1 |CO CLR (G4, G&) =—
Border
0 (1] 0 0 0 0 |C1l |CO CLR (G5) tcolor for
search
C7 |C6 |C5 |C4 [C3 |C2 |C1 |CO CLR (G7}
E#45 = = (MXD| = = (DIX|EQ - ARG
Command end condition
Search direction (x)
Search memory select
4.10.3 Executing the SRCH command
MSB 7 6 5 4 3 2 | 0 LsSB
L#de 0 1 1 0 - - - - CMR
Status registers
S42 - - - |BD - - - |CE
— Set to 0 at end of command
Set to 1 if border color
ieg found
S48 BX7 |BX6 |BX5 |BX4 |EX3 |BEX2 |BX]1 |BXD Location where border
color was found
549 1 1 1 1 1 1 1 |Bx8 (x-coordinate)

19
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4.10.4 Flowchart of SECH execution

L)

(_ SRCH START )
I

Setup MSX-VIDEO
|
Execute Command

il
—==

Read Status Register #2

Yes (CE=0)

= _border color found?

Yes (BD=1)

Fead Status register #8
[
Read Status Register $#9

(_SRCH END )

a0

No

Ko

(CE=1}

(BED=0)
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4.11 PSET

The PSET command draws a dot in the Video or Expansion RAM.

B logical operation is done con the data of a dot that is already
displ ayed.

4.11.1
1,

Video or Expansion RAM

(DX, DY)

PSET Execution Order

First, set the nececsary parameters in the command register of
the MSX-VIDEO.

MXD: Select memory

0: Video EAM
l: Expansion RAM

DX ; Xx-coordinate of dot (0 to 511)
DY1 y-coordinate of dot (0 to 1023)

After you specify the above data, execute the command.

Write 0 1 0 1 B into the high-order four bits of the command
register (CMR) and the logical operation into the low-order
four bits of CMR.

The above procedure will execute the PSET command in the MSX-
VIDEO. While executing the PSET command, the CE bit of the
status register (S#2) will be set to 1, and when the command is
complete, it will be reset to 0.
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4.11.2 Setting up the PSET register

MSBE 7 6 S5 4 3 2 1 0 LSB

L$36 DX7|DX6|DX5|DX4|DX3|DX2|DX1|DX0
R$#37 0 0 0 0 0 0 0 |DX8 aala .
—— Basic point
R¥38 DY7|DYS|DYS|DY4 |DY3|DY2|DY1|DYOD
E#39 0 0 0 0 0 0 |D¥9|DYB o
Ridd 0 0 ] 0 |C3 |C2 |C1 |CO CLR (G4, GB6)=—

C 0 0 0 0 0 |Cl |CO CLR {(G5) =~———PSET data

C7 |€C6 |C5 JC4 |C3 |C2 |C1 |cCOD CLR (C?) —

Ré43 0 - [MED} - |- - - o - ARG

Memory select

4.11.3 Executing the PFSET command

MSB 7 6 5 4 > 2 1 0 LSB

R#46 o} 1 0 1 |LO3|LOZ |[LOLl {LOO| CMR

Logical operation
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4.12

POINT

The POINT command draws a dot of the color specified in the Video or
Expansion RAM.

4.12.1

1.

Video or Expansion RAM

(8X, 8Y)

POINT Execution Order

First, set the nececsary parameters in the command register of
the MSX-VIDEO.

MXS5: GSelect memory
0: Video EAM
l: Expansion RAM

SX: x=coordinate of dot (0 to 511)
S5Y: y=coordinate of aot (0 to 1023)

After you specify the above data, execute the command by
writing 01 0 0 0 0 0 0 B into the CMR.

3. The above procedure will execute the POINT command in the MSX-
VIDEO, While executing the POINT command, the CE bit of the
statug register (S#2) will be set to 1, and when the command is
complete, it will be reset tec 0. The celor code data is set to
status register (5%7).

4.12.2 Setting up the POINT register
MSE 7 6 5 4 3 2 1 0 LSB
R#32 SX7 |8X6 |Sx5|5X4 |5X3 |5X2 [SK1 |SXO g
R#33 o jo | O 0 0 0 0 |SX8
— Basic point

R#34 5Y7 |5Y6 |5Y5 |5Y4 |5Y3 |5Y2 |5Y1 |5Y0 -

R#35 0 I 0 | o0 0 |5Y9 |5Y8

rees |- |-|-Ims]-|-]-]-]| mue

Memory select
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4.12.3 Executing the POINT command

MSB 7 6 5 4 3 2 1 0 LSB

Ltd6 0 1 0 0 = - = - CMER

status registers

542 - = - - - - - JCE
Set to 0 at end of
command
S#7 Q 0 0 0 |C3 |c2 |cl |co Color code (G4, GB)
S&7 Q0 0 0 0 0 0 |Cl |CO Color code (G5)
SR7 C7 JCé |C5 |C4 |C3 |C2 |Cl1 |COD Color code (G7)

5. Speeding up the processing of commands

The processing of commands can be speeded up by the following two
methods.

3.1 Inhibit the display of sprites

If bit 1 of Register R#8 (SPD) is set to 1, processing for sprites can

be used for commands instead; and therefore the command execution is
faster.

2.2 Inhibit the screen display

If bit 6 of Register R#1 (BL} is set toc 0, processing for the screen

can be used for commands instead; and therefore the command execution
18 faster.
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6. Conditicons of registers after command execution

After commands on the MSX-VIDEQ are executed, the conditions of the
registers will be as listed in the following table.

SX SY DX DY NX KY | CLR |CMR H|CLR L| ARG
HMMC - - - * - # - 0 = =
YMMM - » - * - 7 - 0 - -
HMMM - ol - w - % o 0 - -
HMMY - - - * - d - 0 - -
LMMC - E = . “ : e 0 - -
LMCH = o &= - § * o = S
LMMM - * - * - # - 0 - -
LMMY - - - * - # - 0 - -
LINE :: - r ¥ - - - 0 - -
SRCH - - - - - - - ¢ N s
FSET e - = e = S . 0 N -
FOINT - - - - - - * 0 - -
- Unchanged

* Coordinate at command end (S5Y*, DY*) or coclor code
# The count (NYB) when the end of the screen was detected

Note: The values for SY*, DY* and NYB are the dots, as substituted
for N in the eguations below.

S¥* = SY + N DY* = DY + N (DTY
EY* = 5Y = N DY* = DY - N (DIY

nuw
=]
e

NYB = NY - N

{ "LINE"command ==> if MAJ=0 then N=N-1 )
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SPRITES

The MSX-VIDEQO can be used to display 32 sprites. The size of the

sprites are 8 x 8 dots or 16 x 16 dots. The size in the horizontal
direction of a sgrite is 1/256 of the screen. The sprites may be
Ilaced anywhere on the screen.

Since the sprites are handled in a conceptually independent screen,
they do not affect the data within other screens.

(Sprite Screen)

(0,255) % (255,255) %
(X, Y) 4
Sprite
CRT area displayed '
Sprite
(0,191) L {255,191)
or or
[T ERY nge g s T ? (255,211)
Sprite
CRT area undisplayed
(0,254) (255,254)

*The y-coordinate cf the upper edge of a sprite is 255.

The MSX-VIDEO has two sprite display modes. The sprite display mode
iz automatically selected according to the screen display mode.

SPRITE MODE 1: GRAPHIC 1, GRAPHIC 2, MULTICOLOR

SPRITE MODE 2: GRAPHIC 3, GRAPHIC 4, GRAPHIC Sy
GRAPHIC 6, GRAPHIC 7
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1. SPRITE-MODE 1 (Gl, G2, MC)

1.1 Characteristics of SFRITE MODE 1

In SPRITE MODE 1, there are 32 sprites, numbered #0 to #31. The
sprites assigned the lower numbers have a higher priority. On a
single CRT horizontal line, up to 4 sprites with the highest priority
are displayed, and the overlapping portions of sprites with lower
priorities are not displayed.

¥2 $3 fmmmngs [EB !
L]

F i l!.-"l:l |i.__;r
e A ceribe s hés B8

'I:,.I'Jk ", €|+ a4 J‘I'.--i Irl"-f .

When two sprites collide (their pattern color 1 portions have

overlapped), this condition may be detected since bit 5 of status
register 5#0 is set to 1.

In addition, if there are five or more sprites on one horizontal line,
bit 6 of status register S5#0 will be set to 1, and the lower-order
five bits will be set to the number of the fifth sprite.

1.2 SPRITE MODE 1 display (Gl, G2, MC)
To display sprites, use the following controls.

- Sprite size R#l bit 1
SI = 1: 16 x 16 dots
85I = 0: B x 8 dots

= Sprite magnification R#l bit O
MAG = 1: Double-size
MAG = 0: Normal

= Setting the sprite pattern generator table

Set the sprite's pattern in the Sprite Pattern Generator Table of
the VRAM (#0 to #255).

= Setting the sprite attribute table
Set the sprite's attributes (its coordinates, pattern number, and
colorsl in the Sprite Attribute Table of the VRAM (#0 to $#31).

1.3 Sprite Attribute Table (Gl, G2, MC)

The Sprite Attribute Table is an area in the VRAM that contains the

display (x- and y-) coordinates, colors, and pattern numbers of the 32
sprites. Each sprite has four bytes of attribute data.

87




L

V9938 MSX-VIDEQ USER'S MANUAL

MSB 7 & 5 4 3 2 1 0 LEB

] T
Y-coordinate (0 to 255)

L]
] Il ] [ 1 4

vanurQinate tﬁ taIESEI

- Sprite attribute takle
base address

'
o

i
T L] L] L

Pattern number (0 to 255) —= Attribute area for
; i i sprite #0

ec | o] o o| color code -

I i i

—1— Attribute area for
sprite #1

e S
- =

— Attribute area for
sprite #31

- ¥Y=-coordinate (0 to 255)
Specify the y-coordinate of the sgprite.
If the value for the sprite's y-coordinate is set to 208, all
sprites with lower priority will not be displayed. For example, if
sprite #10's y-coordinate is set to 208, sprites #10 to #31 will not
be displayed.

= X=coordinate (0 toc 255)
Specify the x-coordinate of the sprite.

- Pattern number (0 to 255)

Specify the sprite pattern number in the sprite pattern generator
table. If the size of the sprite is 16 x 16, there will be four
sprite pattern numbers corresponding to one sprite. In this case,

you may specify any one of the four sprite pattern numbers.

In the above manner, if all sprites are B x 8, there will be 256

possible patterns; however, if all sprites are 16 x 16, there will
be 64 possible patterns.

- Color code (0 to 15)

Specify the color code for pattern color 1. The color code for
pattern color 0 will be transparent.

- EC (Early clock)
When this bit is set to 1, the 32 dots of the sprite are shifted to

the left. 1In other words, when this function is used, the sprite is

moved to the left, one dot at a time, from the left edge of the
SCreen.

Left edge of CRT
— 32 dotg —

i
I
I
] i Sprite
i

B8
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1.4 Sprite Pattern Generator Table (Gl, G2, MC)

The Sprite Pattern Generator Table is an area in the VRAM to specify
the sprite patterns (its appearance). The beginning (head) address of

this area must be specified in register R#6 (Sprite Pattern Generator
Table Base Address Register).

The pattern for each sprite must be written in this area. Eight bytes
are used for each pattern, for a total of 256 patterns. Each of the
256 patterns are assigned a sprite pattern number from #0 to #255; if
the sprite size is B x 8 dots, each sprite has one pattern, and if the
sprite size is 16 x 16 dots, each sprite has four patterns.

VRAM
—1 byte —-

— Sprite Pattern Generator Table
Base Addrecss

— Pattern #0

— Pattern #1

Pattern #255 (Maximum)

B9




V8538 MSX-VIDEO USER'S MANUAL

1.5 Example of Data Setting for Sprite Pattern Generator
Table (Gl ¥ FGE; MC)

{X=1, O=0) M=0, 1, . . 255
(Pattern MName Table Base Address for N=0)

MEE LESE
76543210 Address Example of 16 x 16 Sprite
C000000X 8N
CO000XXX 8N+l CCO0000X X0000000
QO0XNXXEXY . O0000XX XXX X00000
O000XXX0 « Pattern number 0O COOXXEXAXXXXXOOOD
QODOXX0X . OO0OXXE X000 XX X0000
COOOXX0X . COOOXXOXXOXXCO00
CODOXXX0 % O00OXXOXXOXX0000
COOXXXXX BE+7 O000OXXX00XXX0000

COOXKX XXX XXX X000
OOXXEEEX OO EX XXX XX XEXOOD
OXEXXXXX OXXXXXAAXAXXXEXXD
EXXXXXXX KEAEEN KR X
KAXXXXXXY Pattern number 1 EEAXKEXEXEXKXXKXX
COXXXX00 QOXXEXX0000XXXX00
Q0OXX000 COOXX000000XX000
Q0000000 0000000000000000
Q0000000 0000000000000 000
X0000000
XXAO00000
XXXXX000
QXX X0000 Pattern number 2 $0 $#2
KOXX0000
XOXX0000 §1 #3
OXXX0000
KXXXX000
XXXXXX00
KXXXHXXO
KREXXXXX
AXNAXXXX Pattern number 3
DOXXXX00
OO0XX000
0000000
Co000000

= If the sprite size is 16 x 16, the pattern number specified in the
sprite attribute table can be any of the numbers from #0 to #3.
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2. SPRITE MODE 2 (G3, G4, G5, Gb, GT)
2.1 Characteristids of SPRITE MODE 2

In SPRITE MODE 2, there are 32 sprites, numbered #0 to #31. The
sprites assigned the lower numbers have a higher priority. On a
single CRT horizontal line, up to 8 sprites with the highest priority

are displayed, and the overlapping portions of sprites with lower
priorities are not displayed.

0| |#1 4| 85| |[#6 |#E|
#2| l&3 87 ""I'gl

When two sprites collide (their solid portions have overlapped), this
condition may be detected since bit 5 of status register S#0 is set to

1. When this occurs, the coordinates of the collision will be set in
statue registers S5#31 to S5#5.

In addition, if there are nine or more sprites on one horizontal line,
bit & of status register S#0 will be set tec 1, and the lower-crder
five bits will be set to the number of the ninth sprite.

The colors of the sprite may be specified for each horizontal line.

The sprite priorities may be cancelled by setting the CC bit of the
attribute table, and if sprites overlap, a logical OR may be done on
the colors of the sprite. 1In other words, in SPRITE MODE 1, while

only twe colors may be displayed, in SPRITE MODE 2, four colors may be
displ ayed.
2.2 SPRITE MODE 2 display (G3, G4, G5, G6, GT)

To display sprites, use the following controls.

- Bprite size Rtl bit 1

8l = 1: 16 x 16 dots
EI = 0: 8 x 8 dots
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Sprite magnification R#l bit 0
MAG = 1: Double-size
MAG = 0: HNormal
Sprite display F#8 bit 1
EPD = 1: Disable
SFD = 0: Enable

Setting the sprite pattern generator table
Set the sprite's pattern in the Sprite Pattern Generator Table of
the VRAM (#0 to #255).

Setting the sprite color table

Set the sprites' color, EC, CC, and IC in separate lines of the
Sprite Color Table of the VRAM.

Setting the sprite attribute table

Set the sprite's attributes (its coordinates, pattern number, and
colors) in the Sprite Attribute Table of the VRAM (#0 to #31),

2.3 PFRelationships between the VRAM Tables (G3,G4,G5,G6,G7)

Sprite Sprite Sprite Pattern
Color Table Attribute Table Generator Table
0 Base
#0 (4 bytes) Address Pattern #0
%0 4 (8 bytes)
(16 bytes) #l (4 bytes) 8
] All possible | Pattern #1
2 . combinations (8 bytes)
16 . . 16
- . Pattern-#2
. . (B bytes)
#1 . . 24
(16 bytes) . . . .
3z : . . .
496
#31
(16 bytes) 2040
124 Pattern #255
#31 (4 bytes) (B bytes)
512 128 2048

2.4 Sprite Attribute Table (G3, G4, G5, G6, G7)

The Sprite Attribute Table is an area in the VRAM that contains the
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"

display (x- and y-) coordinates, and pattern numbers of the 32
sprites. Each sprite has four bytes of attribute data.

M5B T & = 4 3 2 1 0 L5B

Sprite attribute table
Y-coordinate (0 to 255) — base address

X-coordinate (0 to 255)

Pattern number (0 to 255} — Attribute area for
sprite #0

Feserved —

—t— Attribute area for
Eprite #1

— Attribute area for
sprite #3131

- Y-coordinate (0 to 255}
Specify the y-coordinate of the sprite,

If the value for the sprite's y-coordinate is set to 216, all
sprites with lower priority will not be displayed. For example, if
sprite #10's y-coordinate is set to 216, sprites #10 to #31 will not
be displayed.

= X-coordinate (0 to 255)
Specify the x-coordinate of the sprite.

- Pattern number (0 to 255)

Specify the sprite ttern number in the sprite pattern generator
table. If the size of the sprite is 16 x 16, there will be four
sprite pattern numbers corresponding to one sprite. In this case,

you may specify any one of the four sprite pattern numbers.

In the above manner, if all sprites are B x 8, there will be 256

possible patterns; however, if all sprites are 16 x 16, there will
be 64 possible patterns.

— This bit is always set to 1.

R%#5 AL4]AL3|A12|ALL|ALO|AD 1 1 SPyrte attribute table

/4
R#11 0 JojJojofofo|ae|als| bade address register

MaS( oxer biks & (z‘a

Spurle (B g ersrm
S o

-4

ib“mh"
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2.5 Sprite Pattern Generator Table (G3,G4,G5,G6,G7)

The Sprite Pattern Generator Table is an area in the VRAM to specify
the sprite patterns (its appearance). The beginning (head) address of

this area must be specified in register R#6 (Sprite Pattern Generator
Table Base Address Register).

The pattern for each sprite must be written in this area. Eight bytes
are used for each pattern, for a total of 256 patterns. Each of the
226 patterns are assigned a sprite pattern number from #0 to #255; if
the sprite size is B x 8 dots, each sprite has one pattern, and if the
Efrite size is 16 x 16 dots, each sprite has four patterns.

VRAM
- 1 byte —=

— Sprite Pattern Generator Table
Base Address

—— Pattern #0

— Pattern #1

Pattern £#255 (Maxzimum)
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2.6 Eprite Color Table (G3, G4, G5, G6, G7)

- In SPRITE MODE 2, the color for sprite color pattern 1 may be
specified on each line (sprite color pattern 0 will always be

transparent). In addition, the sprite priority, collision detection,
and EC (Early Clock)] may be cancelled or erabled.

- The base address of the Sprite Color Table will always bhe
autcmatically calculated by subtracting 512 (decimal) from the base

address of the Sprite Attribute Table. ﬁohthvl"ﬂ““h“’\ T 4 [{;1

MSE 7 G 5 4 3 2 1 0 LEB
= B T 1 —
0 EC |CC |IC a Color code Line 1
1 EC JCC {IC 0 Color code Line 2
. . — Color Table
. ) . for Sprite #0
15 EC |CC |IC (1] Color code Line 16
T | T D
496 EC |CC |IC ¢ Color code Line 1
497 EC |CC |IC 0 Color code Line 2
L ' - — (Color Table
. . for Sprite #31
L r L
511 EC |CC |IC 0 Color code Line 16

Sprite Attribute Table Base

Addres=ss

Sprite Color Code (0 to 13)

for each line

Collision Detect l=No O0O=Yes

Priority Enable 1=Ko 0O=Yes

Display 32-dot shift left
1=Yes 0O=No

g5
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2.7 About the Sprite Priority Order

In SPRITE MODE 2, if the CC bit of the Color Table is set to l, the
sprite pricrity corder is cancelled.

Iq the above wanner, the portiens where CC is set to 1 (for each line)
will be displayed only on herizontal lines where sprites with a lower
number exist. This is diagrammed in the figure below.

Kote that in this case, if there are more than B sprites on the same
line, the ninth sprite and above will not be displayed as explained
earlier.

Sprite #X-1

Sprite #X-1 Sprite #X

5
i
I
i
i
i
i e = =
i
i
|
&

—— e mm mm EE W

L O R B B B R B W W LI DR B I ]

L I I B R T

=
a
.
5
=
T ——
"
.
-
W
W
-
&
&
.
R el L L
-
-
M
-
-
&
b e e -

F EE = ==
L]

CC=M1[| : .iillll'ii

CC=4All 1 CC=Rh11 1

For the portions of the sprite in which CC is set to 1, even if a
sprite having the number which is closest to that sprite has CC=(C

cverlaps the sprite, the collision is not detected. For overlapping
sprites, a logical OR is done on the color codes for display.

Example of three sprites being displayed in sever colors

: ¥ LSB
Sprite #X 8 E il [0T0T0] Color codes 2ll 8
4
CC=all 0
—
; B MSB LSB
Sprite #X+1 | 4 ¢cj1jojo] Color codes all 4
R d
CC=All 1
; __"? MSB LSE
Sprite #X+2 | ! 0jJoj1]0 Color codes all 2

[T T T S —

CC=Aall 1
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Example of overlapping the above sprites

121 4
4
14] 6
g 8
10y 2 2
In SPRITE MODE 2 In SPRITE MODE 1
=Ko collision =Cpllision detection
detection

2.B Sprite Collision

If CC is set to 0 and the sprite with color portion non-0 overlaps,, a
sprite collision is detected. If sprite collision is detected, bit 5

of status register 5#0 is set te 1. Thie bit is reset to 0 when 5#%0
15 read.

MSB 7 & 5 4 3 2 1 0 LSB

S#0 C

If a sprite collision occurs and neither the mouse flag (MO) ncr the
light pen flag (LP) of register R#8 are pet, status registers S#3 to
546 will be set to the coordinates of the collision.

MSE 7 6 3 4 3 2 1 0 LSB

S5%3 X7 |X6 X5 [X4 [X3 |X2 |x1 |X0
——Collision x-coordinate
S#4 1 |1 ]1]1f{111]1 [x8 b
545 ¥7 |¥6 |¥Y5 |Y¥Y4 |¥3 |¥2 |Y1l |YD |}=—
Collision y-coordinate
S¥6 1 1 1 1 1 1l |Y9 |YE p—

If status register 5#5 is read, the contents of status registers S#3
to 546 are reset.

The values that are contained in status registers S5#3 to B8S#5 will
contain offsets according to the following formulas.

X (5#4,5#3) Y (S5&6,5%5)

Collision coordinates

R=KC+1l2 ¥Y=YC+EB
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J. ©Setting the Sprite Colors

In all GRAPHICS modes other than GRAPHICS 7 mode, the color codes for
sprites are common to all modes. The sprite display color is
cetermined by the value in the palette recister.

In GRAPHICS 7 mode, the sprite colors are fixed and are not affected

by the palette register. The sprite coleors in GRAPHICS 7 mode are
ehown in the following table.

Color code Green Red Elue
c3l c2! c1! co| c2! 1! co| R2! R1I RO| B21 BlI BO
06 o o oJo o olo o olo o ol 0O
g 0 o 1|0 0 o0}l o o|lo 1 o] @
R e WM | (S Bl Fal oo o o et ts BT, O B
0 D1 1 0o ol SR e e 1 o] O
g 1 0 o}0 1 1}lo o0 olo o o0 o
0 1 0 1 R B | e -1 o \
0 1 1 oo 1 - 11teoe 1. 20%0 a o <
0. 1 1 110 1 1o 3ol eI 0 b
1 0 0 01 0o 0|1 1 1]0 1 o|(abD
1 0 ¢ 110 o o]0 o ol 1 1 oL
1 0 1 o|lo o ol1 1 110 o o e
1 0 1 1|lo0 o o]l1 1 111 1 1 i E
1 1 0 o011 1 110 a0 0|6 0o o| €O
1 1 o0 11 1 110 o o1 1 1 = 3
1 1 1 0 1 1 1 1 1 1 0 0 0 FC
1 1 1 1|1 1 1}1 1 1011 1 1 FE

TP and Sprites

By controlling TP (Bit 5 of register R#8), color code 0 will bLe
specified in the following manner. The color will affect the sprites.

TP=0 Color code 0 will be treated as invisible.
Sprite coclor part 0 will not be displayed, and if sprites
overlap, a sprite collision will not be detected.

TP=1 Color code 0 will be the color that is specified in the
palette register. (In GRAPHICS 7 mode only, R=0, G=0, and
B=0 will be always set).

If the sprite color part 0 overlaps, a sprite collision will
be detected.
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POINTING DEVICES
1. Light pen
We will explain the light pen functicon of the MSX-VIDEC below. To use

the light pen, set bit 7 of register R48 to 0 and bit 6 to 1.

MSE 7 6 5 4 3 2 1 0 L3B

R&E MS |LP |TF |CB |[VR C |SFD|BW Mode recister 2

— 1 Licht pen enable
0 Mouse disable

In addition, if vou want to enakble an interrupt when the light pen has
detected light, =et bit 5 of register R#0 to 1. This interrupt 1s
reset if status regisgter S#l1 is read.

MSB / 6 5 4 3 2 1 0 LSB

5%l FL |LPS|=Identification % =|FH Status register 1

1: Switch pressed 0: Switch not pressed
l: Light detected 0: Light not detected

The coordinatec at which the light pen detected light will be set 1in
status registers S#3 to 5#6. The data set in these registers are
correct as long as status register S#5 is not read.

MSE 7 ) = 4 3 2 1 0 LSB

S#3 X7 |X6 |X5 |X4 |X3 |X2 |X1 |X0 | Column register low
584 1 1 1 1 1 1 1 |X8 Column register high
585 Y7 |¥6 |Y5 |¥4 |¥3 |¥2 |¥Y1l |YO FRow recister low

S&6 1 1 1 1 1 1 |Y9 |¥B Row register high

l— Thig bit shows the FIELD
number when read.

0: 1st field 1: 2nd field
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Flowchart of using light pen to detect coordinates

( LIGHT FEN )
|

|Enable light pen (R#8 bit 7=0, bit 6=1)]

Flash Detect

-
b

Read status register #1

lash detected?
Nol(FL=0)

Yes (FL=1)

Read status register #3
' Read st&tuslregister £4
Reac Etatuslregister £6
Reac statuslrEQister $5

END
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2. Mouse

We will explain the mouse function of the MSX-VIDEO bel ow. Because
the mouse uses the Color Bus of the MSX-VIDEO, when you use the mouse,

you cannot use the MSX-VIDEO Ceclor Bus for any other purpose. To use
the mouse, set bit 7 of register R#8 to 1 and bit 6 to 0.

MSE 7 6 5 4 3 2 1 0 LSB

R#8 Ms |LP |TEF |CB |VR 0 |SPD|BW Mode register 2

l— 0 Light pen disable
1l Mouse enable

Wwhen bit 7 of register R#8 is set to 1, the direction of the Color Bus
is autcmatically changed to input.

You may know if the mouse button has been switched CN and OFF by

reading status register S#1. These register will be reset to 0 after
being read.

M5B 7 6 5 4 3 2 1 0 LSB

S#l FL |LPS|=Identification # =|FH Status register 1

1: Switch 1 pressed O0: Switch 1 not pressed
1: Switch 2 pressed 0: Switch 2 not pressed

The relative coordinates of the mouse's movement are set as two's
complement data in status registers S#3 and S5#3.

MSB 7 6 5 4 3 2 1 0 LSB

543 X7 |X6 [X5 |X4 |X3 |X2 |X1 |XO Column register low

S#5 Y7 |¥6 |¥Y5 |Y4 [¥3 |¥2 |¥1 |¥YO FEow register low

When 3 or 5 is set in register R#15, the mouse count is not done.

When status registers S#3 and 5#5 are read or when counting is to
begin, the value in register R#15 must be changed.
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SPECIAL FUNCTIONS
l. Alternate display of two graphics screen pages

Two graphics screen pages may be alternately gdisplayed (in GRAPHIC 4
to GRAPHIC 7 modes) automatically.

= The pages that will be alternately displayed are as follows.

GRAPHIC 4 and GRAPHIC & and
GRAPHIC 5 modes GEAPHIC 7 modes
PAGE O —
BPAGE 0
PAGE 1 -
PAGE 2 —
- PAGE 1
PAGE 3 —

1.1 How to use register R#12

A display time pericd of between 166 ms and 2053 ms may be specified
for each page.

- Specify the odd page in the pattern name table base address
(register R#2).

= Specify the ON time (the interval in which the even page is
displayed) and the OFF time (the interval in which the odd page is
cisplayed) in register R#13.

* For the values used in the timings, refer tc the chart in the
section on TEXT 2 MODE.

MSB 7 6 5 4 3 2 | 0 LSB

R#13 ON3 |ON2 |CGN1 |OND |OF3 |CF2 |CFL1 |OF0| Blinking Period register

CN time OFF time
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1.2 How to use the EO bit

The EO bit, bit 2 of register R#9, is used to alternately display
two grarhics screen pages at 60 Hz.

= Set the odd page in the Pattern Mame Table Base Addrecss
(register R#2).

- Set bit 2 of recgister R#9 to 1.

MSBE 7 6 ) 4 3 2 1 0 LSB

R&9 EOQ Mode register 3

2. Interlace disglay

The MSX-VIDEO has an interlace display function.

2.1 Disrlaying the first and second fields on the same page

- oet the IL bit, bit 3 of register R#9, to 1.

the

2.2 Disrlaying the even page in the first field and the odd page in

the second field

= Set the IL bit, bit 3 of register R#9, to 1.
Set the EQ bit, bit 2 of register R#9, to 1.

= Set the odd page in the pattern name table base address
(register R#2).
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3. 'External Synchronization

3.1 GENLOCE methed

The GENLOCK method detects
output
it back te the system clock.

the

phase
signal of the MSX-VIDEO and an external HSYNC signal and feeds

differnce between the HSYNC

3.2 Choosing the synchronization mode

The 81 and S0 bits, bits 4 and 5 of register R$#9, are used to set the

synchronization mode of the MSX-VIDEO.

MSB 7 £ 5 4 3 2 1 0 LSB
R&9 Sl |50 _] Mode register 3

51 150 Sync mode *¥Yg Purpose

0 0 PC SYNC Selects Normal Display the MSX-VIDEO
MSX-VIDEO (0) ECreen

0 1 STD SYNC Appears for transparent | Superimpose, digitize,
parts etc.

1 0 STD SYNC Selects external Display external screen
signal (1)

1 1 — - -
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4. Superimpose

The MSX-VIDEC can criginate a switch signal (*Y¥s) for superimposing an
external video signal and the output of the MS5X-VIDEO.

- The synchronization of the MSX-VIDEC must be adjusted to the signal
tc be superimposed.

= To input an interlaced videc signal, the MSX-VIDEO may also be set
up for an interlace display.

- a————; Eaternal BOE Tonpo

|::—-1 -

i =W ]

|

SRR Estermal v scdeo Input

N
'

Woithews Ot ot

*¥Ys selects the external wvideo signal when scanning the transparent
portion of the MSX-VIDEO screen.
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5. Digitize function

The MSX-VIDEO has a function to read external data over the color bus
into the VERAM.

- The digitize function is available in GRAPHIC 4 to GRAPHIC 7 modes
only.

- When using a digitizer, the MSX-VIDEO must be synchronized with the
external signal as necessary.

Digitize Block Diagram (GRAPHIC 7 mode)

MEX-VIDEO. thit A 1
'-._ o i 0y it .Il.l'.l.-l_..' Brigniil
UA —r
L. ]
L4 —lw
|.. * [ = — e
| o — N Y
:'I. [ _. | | N ::: - Bed Analig input
CHRIMRS | ! ¥ .
- | | —{ W :
DL Lo ==y | "__T'
| : | i
f 1
:]: Blue Analog mpast
1 e L
J == ]'Illl
|
CHE 1
CLOC K

Digitize Block Diagram (GRAPHIC 4 mode)

MEN-VIDELY

i
Ch—
Laf— it A D
I | I
C3 —{Da Video Analog input
Cape b
Clbe bl
o i
: OF .
; CRDIR
| LK :
. CLOCK
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Digitize Block Diagram (GRAFHIC 6 mode)

MEX-VIDED LATUH AD
1 = —
(7 - I3 | VIDED
Ch : e g
Cip— - {1
Cip—— { M1

ol ——
1l | e
o DE L'Hﬂ l b
L o .
T B D1
' M
CBDIR —

DLCLK —

—
R

Digitize Block Diagram (GRAPHIC 5 mode)

ASh-VIDEC AD
[ ni :
U b= = VETHED gt
L f— I o LH1]
. LATCH
Cdp= —1 L
Cl
I
L-I. - —I
OE CK | Da
2 —
— "
[
CHIDIE
DLCLK T
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- Digitize control

When the DG bit (bit 6 of register R#0) is set to 1, the MSX-VIDEO
initiates input of data from the coclor bus. This action 1is
automatically performed internally by synchronization with VSYNC.

oG fromceu | 1 L 1

VSYNC | |

Digitize | | ) L

= Buccessive reads into the first and second fields

DG from CPU | 1

E ) E 0 E 0 E
VSYNC | | I L | | |
FL AME | | | |
Digitize | Even | 0da |

page page
- Bit mask of the color bus

The color bus may be a masked using a register R#7. When a bit of R#7

is set to zero, the input value of the corresponding bit on the color
bus is set to zero.

M5B 7 6 5 4 3 2 1 0 LSB

RE7 M7 |M6 |M5 M4 (M3 |M2 |[M1 |MO

The relationships of the bit vary according to the mode as follows.

color bus
C7T C6 C5 C4 C3 C2 C1 CO
GRAPHIC 4 MODE - - = = M3 M2 M1 MO
GEAPHIC 5 MODE - M3 M2 M1 MO

GRAPHIC 6 MODE M3 M2 M1 MO M3 M2 M1 MO
GRAFHIC 7 MODE M7 M6 M5 M4 M3 M2 M1 MO
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6. Color bus

The color bus of the MSX-VIDED is

bits. The bits and the data flow

6.1 Normal display

controlled by the MS, DG, and

will be illustrated below.

| | 5= I.':| |.H
Eoaaik ampr 1pakslee |—--.|._
L — i i
|i.l A DUONYVERTIER I__"'f|-
. “TET
|
L MOUSE |- L o
i | LiMgly External palette registe
v u - LI A converler, el
i i
: ——
| — 15Hihl I
; |
: | 1
. HE !
6.2 Mouse
1 - ~r - e
: I — i s IM; W i
- Lok up talle  f—=igt
& - - | M Y
B A CONVERTER ——e B il 7
L . | i
s | |
T R o — . _ ]
I‘EIIL . - "I[II-;,:'—!." ]
: | —— VRAM
| | i
e R el i
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6.3 Displaying external signals

: ! : M= LM U
Lamei vge Gl l-'“""“": K B :
A- — -._.-:1; il 1 1

, { DA ':.l.l?".".'l-.'l-E'l'I-.'HE—",”

1 k !

1 | P

B SR :

v ML HI.- : !

LML v A D comverter, et

VIRAM

- b |k

hrsrmEmEEE rIE A T EE T R E R E e o =

6.4 Digitize

. L L

— i Ms o I CB

| Lisik up table  jr—p :
i & e T 1 Y
i D A CONVERTER —= B : ol i
! !
L [vouse
WITH A D coawwerter. eic.

'I —— vRAM

A W U A |
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l. MSX-VIDEO

1=1 werview

V3538 (MSX-VIDEO) is a N-channel Silicon Gate MOS, 64-pin shrink DIL
plastic package Video Display Processor (VDP). The V9938 is
software-compatible with the TMS991BA.

1-2 Features

- 5V single power

- Qutput of both Linear RGE and Composite Video signals

- 512 colors possible with built-in color palette

= Maximum 512 x 424 pixels, 16 colors

- Bit-mapped graphics

- 256 simultanecusly-displayed colors

- Supports 16K- to 12B8K-byte videc memor

= May be used with 16K x bit, 16K x 4 Eit, 64K x 1 bit, and 64E x 4
bit DRAMs

= DRAM auto refresh function: 256 addresses, 4 ms

- May support an extension video memory

- Interfaces for mouse and light pen

= Maximum 8 sprites per horizontal line

- Different color for each horizontal line of the sprite

- Area move, line, and search commands

- Logical operation function

- Addresses may be specified by coordinates

- External synchronization possible

= Superimpose possible

- Digitization possible

= Multi-MSX-VIDEC architecture possible

- External color palette by using color bus

Note: 1In this manual, negative logic will be indicated by an asterisk
preceding the signal names.
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MSX-VIDEQO Block diagram
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MSX-VIDEO circuit example
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2. Pin assignments and functions
Pin Pin
name no. 1/0 Function
CDO LSB 40 I/0 - CPU data bus
Chl 3o I/0 oot .
Ch2 38 | 1/0 oo | “I .
CD3 37 | 1/0 ] 5 & | o
CD4 36 I1/0 ; 2|
CD5 35 | 1/0 o | B %
CDE 14 | 1/0 k| @ e
CD7 MSB 32 | 1/0 | - Ty | 2 S| ur
HODE 0 29 | 1 | - CPU interface mode R | A F
MODE 1 28 | 1 | - select 2|k ‘3| 04
*CSR 31 1 CPU-MSX-VIDEO read strobe 3 | 4] w3
*CSW 30 1 CPU-MSX-VIDEDO write strobe e |15 3| oanl
RDO LSB 41 | 1I/0 | - VRAM data bus SN Ll R
RD2 Y 3 | 1 G| me
RD2 43 1/0 oo o | 20 N
RD3 44 | 1/0 viwg | 21 4| m3
RD4 45 1/0 L ) ml
RDS 46 | 1/0 N | A :Ji o0
RD6 47 | 1/0 % o1
RD7 MSB 48 | 1/0 | - -mﬁ % 7l
ADO LSB 49 0 ~ VRAM address bus e | =N
AD1 50 (o] N W | Cok
.Fu.ﬂE 51 ﬂ (7 k- x| ¥R
AD3 52 o . .
AD4 53 o
ADS 54 0
ADB 25 0
AD7 MSB 56 0 =
*RAS 62 o VRAM row address strobe
*CASO0 61 o] VRAM column address strobe 0 (VRAM first half)
*CASl 60 0 VRAM column address strobe 1 (VRAM second half)
*CASX 59 0 VRAM column address strobe X (Expansion VRAM)
R/ *W 57 o] VRAM write strobe
D8 4 O VRAM data select
*VDS = Low: Access to VRAM is for display data
*WDE = High:Access to VRAM is for
i other than the above
VIDEO 21 o Composite video sifnal output
G 22 0 = Linear RGB signal output
R 23 o
B 24 0 i
*¥S 10 o Signal to switch between MSX-VIDEO RGE output and
external video signal (When superimposing)
*YS = High: MSX-VIDEO output transparent
*¥S = Low: MSX-VIDEQ output opague
ELEO 7 o Tri-level output (Open drain);
primary/secondary field and blanking interval
High: Secondary field, active
Middle: First field, active
Low: Blanking interval
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HSYNC

CSYNC

CBDR

Cc0 LSB
Cl

c2
c3

C4

Co
C7 MSB
*LPS

*LPD

*DHCLE
*DLCLK

ATAL 1

ATAL 2
CPUCLE
*INT

*RESET
VCC
GND
GND DAC
VEB

11

15
1B
17
16
15
14
13

12
26

27

63
64
25

SB

20
33

1/0

L/0

I/O
I/0
I/0
L/0
I/0
I/0
I/0

/0,
I

1/0

Q|

O

Tri-level logic;
upper levels (high to middlel

for output,
lower levels (middle to low)

for input

High: Mon-HSYNC, color burst periecd
Middle: HSYNC or non-coler burst periecd
Low: HSYNC 1input

Tri-level logic;

High: Composite SYNC output
Low: VEYNC input

Color bue direction

High: Input

Low: Out put

= Color bus

Usually the coler code is ocutput;
during digitize, this bus is used as
the input port. The high-order bits
are for mouse input when using the

Mouse.
C4 = XA C5 = XB
- Cé6 = YA C7 = YB
Light pen or mocuse SW input
Low: SW on
High: 5W off

Light pen detection input or mouse SW input
Low: Light detected or SW on

High: Any other condition

Dot clock cutput for high resoclution:
10.74 MHz open drain

Dot clock output for low resolution;
5.37 MHz open drain
Input may also be done the mode register.
This is used for a multi-MSX-VIDEO system.

Connect to XTAL or use for connection of an
external oscillator

Outputs 1/6 of XTAL frequency

CPU interrupt output; open drain output
Low: interrupt

Initialize all MSX-VIDEQ circuits

SV power supply

Ground 0OV

Ground 0OV

Back bias (No connection)
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3. Electrical characteristics and timing chart

3-1 Absolute maximum ratings

Sy mbol Parameter Rating Unit
vCC Supply wvoltage -0.5 to +7.0 v
Vin Input voltage =0.5 to +7.0 v
Ts Storage temperature =30 to +125 T
To Operating temperature 0 to + 70 T

3-2 Recommended operating conditions

Symbol Parameter Min. Ty P Max. Unit
VCC Supply ‘vol tage 4.75 5.00 5.25 v
Vss Supply voltage 0 Vv
Ta Ambient temperature 0 70 T
VIL 1 Low—-level input

voltage (group 1) -0.3 0.8 v
VIL 2 Low=level input

voltage {group 2) =0.3 0.8 v
VIL 3 External clock low-level

input voltage (group 3) -0.3 0D.EB v
VIH 1 High-level input

voltage (group 1) 2.2 VCC v
VIH 2 High-levyel input

voltage {(group 2) 2.2 VCC v
VIH 3 External clock high-level

input voltage (group 3) 3.5 VCC v

Notes:

Group 1l: *CSR, RDO to RD7, CO to C7, *LPS, *LPD, *RESET, *DLCLEK
Group 2: CDO to CD7, MODE O, MODE 1, *CSW

Group 3: XTAL 1, XTAL 2

The videc signals are listed separately

Versions A and B of the MSX-VIDEO differ in the following items:

Symbol Parameter Min. Ty P Max. Unit
VIL 2 Low=-level input

voltage (group 2) -0.3 0.6 v
VIL 3 External clock low-level

input vecltage (group 3} -0.3 0.3 v
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3=3

Electrical characteristics under recommended operating conditions

External input clock timing

No.| Symbol Parameter Min. TY p. Max. Unit
1 EXTAL XTAL clock freguency 20.26 21 .48 | 22.55 MHz
2 TXWH XTAL clock high-level

pulse width = ns
3 TEWL KTAL clock low-level
pul se width 5 ns
4 TXR XTAL clock rise time 10 ns
5 TXF XTAL clock fall time 10 ns
& TXD21 LTAL clock delay
time 2 -3 1 0 ne
7 TXD12 XTAL clock delay
time 1 —= 2 1] ns
B | TLIXD *DLCLK (input) -
XTAL clock delay time 20 50 ns
9 ™1 ATALl pulse width 12 ns
10 Tw2 XTAL2 pulse width 20 ns
11 TPD XTAL1-XTAL2 relative
delay time 15 24 ns

I A

el b= — -

] -
NTAL | i *&r_“

ANTAL
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| o= e d e

— |
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V3938 MSX-VIDECD Data Sheet

*RESET Input timing

Ho.| Symbol Parameter Min. Ty p- Max. Unit
1 TRESET *RESET low-level
pulse width 10 me
DC characteristics
Symbol Parameter Condition Min.| Max.| Unit
VOL4 Low—level output voltage
(group 4) IOL = 1.6 mA 0.4 v
VOLS Low-level output voltage
(group 5) IOL = 1.6 mA 0.4 v
VOLE Low-level ocutput voltage
(group 6) IOL = 10 mA 0.4 v
VOL7 Low=-level output vecltage
(group 7) IOL = 1.6 mA 0.4 v
VOH4 High-level output voltage
group 4) IOH = 100 uA |2.4 v
VOHS High-level output voltage
(group 5) IOH = 60 uA 2.7 v
ILI Input leak current 10 uf
ILO Output leak current
(floating) 25 uh
ICC Current consumption 230 ma
Notes: .
Group 4: CDO to CD7, RDO to RD7, ADD to AD7, *VDS, CBDR,
CPUCLE, CO0 to C7
'GI'.'DUP 3% thS' *CA.EIL *'C'.P.EI; *':H-E:r H*H
Group 6: *DLCLE, *DHCLE
Group 7: *INT
Input/output power capacities
Symbol Parameter Condition Min. Max. Unit
CIN Input power capacity VIN = 0 V 10 pF
couT Output power capacity VOUT = 0 V 10 pF
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External output clock timing

No. |Symbol |Parameter Condition |Min. |[Typ. [Max. |Unit
E |fDHCLK |*DHCLK frequency 10.13|10.74|11.28| MHz
9 | THWL *DHCLE low-level

pulse width 20 ns

10 |THF *DHCLE fall time 25 ns

11 |fDLCLK |*DLCLK frequency CL = 50 pP| 5.06| 5.37| 5.64| MHz

12 |TLOWL *DLCLE (output) low-

level pulse width 60 ns
13 |TLOF *DLCLE {output)

fall time 15 ns
14 |THLOD *DHCLE-*DLCLE (ocutput)

delay time =15 15 ns
15 | fCPUCLK|CPUCLK fregquency 3.37| 3.58| 3.76| MHz
16 |TOWH CPUCLE high-level

pulse width CL = 110 ns
17 |TowL CPUCLE low-level 100 pF

pulse width 110 ns

18 |TCR CPUCLE rise time 25 ns

19 |TCF CPUCLK fall time 25 ns

20 |TLOHXD |*DLCLK (output) high-

XTAL delay time CL = 50 pF| 20 50 ns

21 |TLOLXD |*DLCLE (output) low-

XTAL delay time 20 50 ns

Note: The values shown for *DHCLK and *DLCLK assume that RL = 1 k chm.
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External output clock timing

120




V3938 MSX-VIDED Data Sheet

CPU-MS5X-Video Interface

Mo,

Symbol |Parameter Condition |Min. |Typ. |Max. |Unit
1 |TASR Address setup time
(related to *CSR) 0 ns
2 | TASW Address setup time
(related to *CSW) 30 ns
3 | TAHW Address hold time 50 ns
4 | TDSW Data setup time 30 ns
5 | TDHW Data hold time 30 ns
6 |TCswW *CSW pulse width 186 700 j2000 ns
1 |TCSR *CSR pulse width 186 700 |2000 ns
8 | TRAC Data access time CL = 100 150 ns
9 |TWX,A |[Data invalid time 300 pF 0 ns
10 | TPVX Data disable time 65 | 100 ns
11 | TW1W *CS5W pulse width
high, 2nd-lst,
lst-2nd byte 2 us
12 | TW2W *C5W pulse width high,
3rd-1st byte 8 us
13 |TS1RW |*CSR-*CSW setup time,
lst-1st byte 2 us
14 |T52RW |*CSR-*CEW setup time,
drd-lst byte 8 us
15 |TSIWR |*CSW-*CSR setup time,
Znd-1st byte 2 us
16 |TS2WR |*CSW-*CSR setup time,
2nd-3rd byte 8 us
17 |TW1R *CSR pulse width high,
lst=1st byte 2 us
18 |TW2R *CS5R pulse width
hig r 3rd-lﬂtr
3rd-3rd byte 8 us
= h -1 J
=W M LA
b /
b - — e '
' ' i
MODE >(. ;}( by
'y
e e
DATA

CPU-MSX-VIDEQC write cycle interface
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Note: The numbers n (where n = 1, 2, 3) marked in the pulses show the
byte order (lst, 2nd, 3rd) sent from the CPU.

MS5X-VIDEQ register read timing

Note: The numbers n (where n = 1, 2, 3) marked in the pulses show the
byte order (lst, 2nd, 3rd) sent from the CPU.

MSX-VIDEDO register write timing
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MSX=-VIDEQO=-VRAM interface

No. |Symbol |Parameter Condition [Min. |[Typ. |Max. jUnit
1 |TRC Memory read/write
cycle time 266 279
d |TPC Page mode cycle time 177 186
4 |TDSC Read data setup time 20
3 |TDHC Read data hold time Q
6 |TRP *RAS precharge time S0
7 |TRAS *RAS pulse width 130
B |TRSH *RAS hold time 60
9 | TCAS *CAS pulse width 85
10 |TCSH *CAS hold time 140
11 |TRCD *RAS-*CAS delay time 40
12 |TCRP *CAS-*RAS precharge
time a0
13 |TRARD Row address-*RAS
delay 'time 50
14 |TRAH Row address hold time 12
15 |TCACD Column address-*CAS
delay time 0
16 |TCAH Column address hold CL =
time 150 pF| 1C0 ns
17 |TCAR Column address hold
time (for *RAS) 130
18 |TRCD Read command-*CAS 1
delay time 30
19 |TRCH Read command
heold time 30
20 |TWCH Write command
hold time 70
21 |TWRH Write command held
time (for *RAS) 150
22 |TWP Write command pulse
wildth 120
23 |TRWL Write command-*RAS
read width 150
24 |TCOWL Write command-*CAS
read width 120
25 |TDCD Write data-*CAS delay
time 0
26 |TDH Write data hold time 50
27 |TDHR Write data hold time
(for *RAS) 110
2B |TWCD Write command-*CAS
delay time 30
2% |TCP *CAS5 precharge time
(page mode cycle) 70

Note: The above specifications apply to version C of the V9938,
The following items apply to Versions A and B. To distinguish
Versicns A, B, and C, refer to page 134 of this data sheet.
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Version
Ho. | Symbol Parameter
A B
14 TRAH Row address heold time 10 10
15 TCACD Column address-*CAS delay time -5 0
26 TDH Write data heold time 30 30
27 TDHR Write data hold time (for *RAS) 70 70
— TRSH* *RAS hold time during read only 15 No rating
— TRAS* *RAS width during *RAS refresh only 60 No rating
= : \ | ) 5 \
I S : |
r 17 - e B ~l
i ], o I l :
l
|
|
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/
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VRAM write cycle (early write)
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Composite video signal ocutput level

Versions A and B

Symbol |Parameter Condition |Min. |Typ. |Max. |Unit
VWHITE |White level output woltage 2.20 |2.55 |2.90 v
VWHITE [White level output voltage
(B/W) (using Black & white) 2.30 |2.65 [3.00 v
VBLACK |Black level cutput voltage 2.00 12.30 [2.70 v
VSYNC Sync level cutput voltage RL = 1.90 [2.20 |2.60 v
VB Color burst pulse width 470 ohms|0.14 |0.19 |0.24 v
VP-PF Electric potential
difference between
white and sync levels 0.24 |0.35 |0.44 v
VP-P Electric potential
(B/W) difference between
white and sync levels
{using'black & white) 0.34 |0.45 |0.54 v
hote: The typical wvalues listed in the above table assume that
VCC = 5.00 Vv and TA = 25 T,
Version C
Symbol |Parameter Condition |Min. |Typ. |Max. |Unit
VWHITE |[White level cutput voltage 2.20 [2.60 [3.00 v
VWHITE |White level output voltage
{B/ W) (using Black & white) 2.50 |2.80 |3.20 v
VBLACK |Black level output voltage 1.80 |2.20 |2.50 v
VSYNC |Sync level output voltage RL = 1.60 [2.00 J2.30 v
VB Color burst pulse width 470 cohms|0.16 |0.22 |0.28 v
VB-P Electric potential
difference between
white and sync levels 0.40 [0.60 [0.75 | V
VP-F Electric potential
(B/W) difference between
white and sync levels
(using black & white) 0.60 |0.80 |0.95 v
Note: The typical values listed in the above table assume that

VCC = 5.00 Vv and TA = 25 °C.
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RGB ocutput level

Symbol |Parameter Condition |Min. |Typ. |Max. |[Unit
VRGE 7 |RGB maximum output Voltage RL =
470 ohms|2.5 2.8 3.2 v
VEGE 0 |PGE minimum cutput voltage RL =
(Black level) 470 chms|1.7 2.0 2.4 v
VB-p RGE electrical potential RL =
difference VRGBT -VRGEOD 470 ohms|0.65 (0.8 1.00 v
DRGB RGB electrical potential RL =
difference P-F 470 ohms 5.0 %
kote: The typical values listed in the above table assume that
VCC = 5.00 Vand TA = 25 <.
Synchronize signal eutput level
Symbol Parameter Condition [Min. |Typ. |Max. |Unit
VILVH 1 Tri-level ocutput high- FL =
level BLEOD 1l k ohm| 4.5 VCC v
VTLVM 1 Tri-level output RL =
intermediate level BLED 1l k ohm| 2.5 3.5 v
VTLVL 1 Tri-level output low- BL =
level BLEO 1 k ohm 0.4 v
VILVH 2 Tri-level output high-
level HSYNC, CSYNC No load 4.5 VCC v
VILVM 2 Tri-level output
intermediate level
HSYNC, CSYNC No load 2.7 3.7 v
VILVL 2 Tri-level output low-
level HSYNC, CSYNC No load 0.8 v
VYH *¥s output high level IOH =
100 vA| 2.4 v
VYL *¥s output low level IOH =
1.6 ma 0.4 v
ITLVH High-level input current [VI =
ITLVL Intermediate level input |VI =
current HSYNC, CSYNC 0.4 V -2.0 ma
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Composite video signal

No. [Eymbol |Parameter Condition |Min. |Typ. |Max. |Unit
l |TECV 1 |HSYNC fall time 110 ns
2 |'TWHS HSYNC pulse width 4.50 4.70| us
3 |TrCV 1 |HSYNC rise time a0 ns
4 |THS5-CB |HSYNC color burst delay

time 0.40 0.60| us
5 |TWCB Color burst width EL = 2.60 3.30| us
6 |TCB-LB |Color burst-left border 470 ohms

delay time 1.10 1.50| us
7 |TrCv 2 |VBLACKE-VWHITE rise time 50 ns
8 |TwlB Left border width CL = 2.4 2.7 us
9 [TECV 2 |VWHITE-VBLACK fall time 150 pF 100 ns
10 |TwAD Active display area 47.00147.68|48.00| us
11 |TwERB Eight border width 2.50 2.80) us
12 |TRB-HS |Richt border-horizontal

synchronous delay time 1.20 1.50| us
Rote: 1Items B and 11 are when Display Adjust is 0.
RGB signal
No. |Symbel |Parameter Condition |Min. |[Typ. |Max. [Unit
13 |TrRGB RGB signal rise time RL =

(VRGB0O — VRGBE7) 470 ohms 60 ns
14 |TERGB RGB signal fall time CL =

wmg? — VRGBO) 150 pFP 60 ns
Mote: Measurements are 10% to 90%.
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Synchronize signals

No. | Symbol |Parameter Condition|Min. |(Typ. |Max. |Unit
1 |TESY 1|BLEQ intermediate level-

low level fall time 100 ns
2 |TrSY 1|BLED low lE?El“iﬂtE[MEﬂiﬂt%]

level rise time 140 ns
3 |TrS5Y 2|BLEO low level-high level

rise time 220 ns
4 |TESY 2|BLEQC high level-low level CL =

fall time 50 pF 110 ne
2 |TrSY 3| SYNC intermediate level-

high level rise time 300 ns
6 |TESY 3|SYNC high level-intermediate

level fall time 1100 ns
7 |TrST 4| SYNC low level=-intermediate

level rise time 200 ns
B |Tr5Y 5|S5YNC low.level-high level

rise time 400 ns
9 |TrSY 6|/*Y5S low level-high level

rise time 25 ns
10 |TESY 6|*YS high level-low level

fall time 25 ns
llote: BLED is the value when RL = 1 k ohm.

Times shown are 10 to 90%.
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Color bus
Ko. |Symbol |Parameter Condition|Min. |[Typ. |Max. |Unit
1 |TDCBO |*DLCLK-color bus output L o=

delay time 50 pF 100 ns
2 |THCBO |*DLCLE-color bus output CL =

hold time =0 pF 20 ns
3 |TSCBI |Color bus input setup time - 0 ns
4 |THCBI |Color bus input hold time - 20 ns

[T
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VDS
Ko. |Symbol | Parameter Condition |Min. |[Typ. |Max. |Unit
l |TOVDSL| *DLCLE-*VDS low level
delay time CL = 50 pF| 50 100 ns
2 |TDVDSH| *DLCLK-*VDS high level
delay time 50 100 ns
3 | TSVDS *WDS setup time (for
*CAS0 and *CASl) 20 ns
4 |THVDS *WDS hold time (for
*CAS0 and *CASl) 0 ns

3 I

a L]
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4. External measurements of package

1
fidl P =hrink [HP |
-

I Moot Thare are taon
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z 18T

L] material: B2 allon

Larm] ol Priscess Jiller [P o Tlrli:;-:l‘:.rlzll'ug

HNote: The specifications for this product are subject to change
without notice as improvements are made.

5. Version identificaticn
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V9938 MSX-VIDEQ Appendix

l. Refresh

The V9938 has a Dynamic RAM (DRAM) auto-refresh function which repeats
cycles every 4 ms for 256 addresses.

Special consideration must be given when using a 128 address-2 ms
cycle, as the usage depends on whether the DRAMs used are 16K or 64K.

l. 16K DRAMs (VR = 0)

- When the row address and column addresszes are seven bits, connect
pins ADl to AD7 on the V9938 to DRAM address pins A0 to A6.

- When the row address is eight bits and the column address is six

bits, connect pins ADl to AD6 on the V9938 to DRAM address pins Al
to A6. Also connect pin ADO to pin A7. When this configuration

18 used, only addresses A0 to A6 of the DRAM are refreshed.
2. 64K DRAMs (VR = 1)

= Connect pins ADO to ADS and AD7 of the V9938 to pins AD to A6 of
the DRAM. Also connect pin AD6 to pin A7. hen this configquration
is used, only addresses A0 to A6 of the DRAM are refreshed.

1-1 V9938 Refresh Address Output

The method of outputting refresh addresses on the V9938 differs
depending on the mode being VR or display.

Considering the refresh address as (MSB) R7 R6 RS R4 BRI R2 Rl RO, 256
addresses are refreshed within 4 ms.

Refresh address output method

V9938 adderss |AD7 |AD6 |ADS [AD4 |AD3 |AD2 |ADl |ADO

VR = 'g° R5 R4 B3 R2 Rl RO R7 RE
VR= '0', G6, G7 modes RO R7 k& RS R4 E3 R2 Rl
VR = '"0', non-G6, G7 modes R7 RE RS R4 R3 R2 Rl RO

Maximum Refresh Cycle

1. 256 cycle refresh 4 ms
2. 128 cycle refresh

Using addresses other than R7 1.25 ms
- Using addresses other than RéE 1.9 ms
- Using addresses other than RS 2.2 ms
- Using addresses other than R4 2.5 ms (worst case)
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1-2 Example of V9938-DRAM address pin connection
and maximum refresh cycle

1. VR = '0"

- DRAM construction with 7-bit row and column addresses

Maximum
refresh cycle
DRAM addresses A6 AS A4 A3 A2 Al AD
V9938 addresses (AD) 7 (5] 5 4 3 2 1 1.9 ms

= DRAM construction with 8-bit row address and 6-bit
column address

Maximum

refresh cycle
DRAM addresses AT A6 AS A4 A3 A2 Al AD

V9938 addresses (AD) 7 [ 5 4 3 2 1 0 2.2 ms

{(AD) 0 & 5 4 3 2 1 7 1.9 ms

Z. VR = '11

Ma ximum
refresh cycle

G6/G7 Non-G&/G7
DRAM addresses A7 A6 AS A A3 A2 Al AD Modes Modes

V9938 addresses (AD)]| 7 6 5 4 3 2 1 0 2.5 ms 1.25 ms

ihD]I 6 7 5 4 3 2 1 0 1.25 ms 1.9 ms

{EDII 5 7 6 | 4 3 2 1 0 1.9 me 2.2 ms

Note: The maximum refresh cycle is the value when the DRAM refresh
addresses are A6 to AO.
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2. Examples of VRAM Interface

2-1 16K bytes
- (16K x 1) x B

Egiseauaeee ‘
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- (16K x 4) x 2

WH!H_

AliT

o

Al [ I

a1 2rq4567

i
Iil""_

RAS CAS WEDOO] 2
T

2=-2 32K bytes
- (16K x 4) x 4

V3938
e ]

it

KMI123456
0F =
S8 6 0001 0.
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2-3 64K bytes
- (B4K x 1) x 8

RAS CAS RE

MIZIL456T

~ D1w
o DOUT

=
-

v9338
&

EELEE 2975 SeESagEs
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- (64K x 4) x 2

Y3938

RASCAS REDGO ) 2 3
Y ] [

CASD
W
RIN

:Eé

ot

sl ek -]

2-4 128K bytes
= (64K x 4) =% 4

va93l8

EEREESES

a4
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(64K x 1) x 16

3 SVIEVE

LYSKEZ I

o

L
1]

141




V9938 MSX-VIDEO Appendix

3. Clock oscillation internal circuitry

Rl
R2
TR1
TRZ

Approximately 1 k ohms
Approximately 500 k ohms

Depletion transistor
Enhancement transistor

WO

L X TALZ R4

v
1
Internal clock

J NTALLIRE
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4.

Usage of unused pins

Output pins

All unused output pins may be left open.

*DLCLK
HSYRC
CSYNC
C7 to CO

*LPS
*LPD

VEB

(3}

(5)

(6]
(12}
(26)
(27)
(33)

to

(19)

Input or input/output pins

Pull up with a resistor
Open

Open

Open

Connect to VCC

Connect to VCC

Open or connect to GND (1) throucgh
a4 capacitor
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5. Cycle mode

The V9938 has three cycle modes, which may be specified according to
the following settings of bits S0 and S1 in register #9,

HSYNC
=] Cyvcle Screen *Y5 £H

1 0 mode mode High lewvel Low level

0 0 0 PC only Burst flag H counter Low fXTAL/1368
reset input

0 1 | Mixed HSYNC H counter High/| fXTAL/1365
reset input Low

1 © 2 Ext. HS¥NC H counter High EXTALS1365

Video reset input
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6. Cycle input
HEYNC input

When the V counter is set to 6, input from HSYNC is received, and the
H counter is reset on the edge of the transition from High --> Low.

When the HSYNC Gate signal is Low, in other words, the V counter is

set to a number other than 6, input signals to the HSYNC input are
lgnored.

V Reset input (CSYNC)

The V Reset signal is a signal that is internal to the V9938 that
cycles at 2.98 us. When three consecutive Lows are received, the V
counter is reset. Simultaneously, the first field is selected.

=sampling Clock (TR

EE—1

o ;_H_1 ' ' —
Al |' 'L_

Syrgel s

L3

Mabas=

Fialed " K]L

145



V9938 MSX-VIDEQ Appendix

7. Display parameters
7-1 Horizontal display parameters
Unit: XTAL Cycles

Multicolor mode Text I mode

Gl toe G7 modes Text II mode
51, S0 (R#9) 1, 2 0 1, 2 0
Display cycle 1024 | 1024 960 960
Right border 57 59 85 87
Right erase time 26 27 26 27
Synchronize signal 100 100 100 100
Left erase time 102 102 102 102
Left border 56 56 92 92
Total 1365 1368 1365 1368
Note: The above table shows the relationshi

between the RGE signal

and HSYNC when the Display Adjust Register (Register Number

18) is set to 0.
R [ [hzplay timw l'-."l' b eries et maorder
oy
”'\-'. S, t I_I 1
I L e Sl ] |'|I' R LiEe
=wnichrrminee: szl
7-2 Vertical display parameters (NTSC)
Unit: Lines
Lines 192 lines 212 lines
LN = 0 LN = 1
Interlace Interlace
Field Field
Non= Non-
Interlace| lst 2nd Interlace| lst 2nd
Synchronize signal 3 3 3 3 3 3
Top erase time 13 13 13.5 13 13 13.5
Top border 26 26 26 16 16 16
Display time 192 192 192 212 212 212
Bottom border 25 25.5] 25 15 15.5| 15
Bottom erase time 3 3 3 3 3 3
Total 262 262.51262.5 262 262.5|262.5
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7-3 Vertical display parameters {(PAL)

Unit: Lines

Lines 192 lines 212 lines
LN =10 LN = 1
Interlace Interlace
Field Field
Non=- Non-=
Interlace| lst 2nd Interlace| 1st 2nd
Synchronize signal 3 3 3 3 3 3
Top erase time 13 13 13.5 13 13 13.5
Top border 53 53 53 43 43 43
Display time 192 192 192 212 212 212
Bottom border 49 48.5| 48 39 iB.5| 3B
Bottom erase time 3 3 3 3 3 3
Ml
Total 313 312.5(312.5 313 312.5)1312.5

Note: The above table shows the relationship between RGR and VSYNC

when the Display Adjust Register (Register Number 18) is set
to 0.
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B. Color palette

G R B

0 0 0 0

1 0 0 0

2 [ 1 1

3 7 3 3

4 1 1 T

5 3 2 7

Color 6 1l 5 1
code 7 6 2 T
8 1 7 1

9 3 7 3

.- [ 6 1

B 6 6 4

C 4 1 1

D 2 6 5

E| 5 5 5

F T 7 7

The color palette is set as shown in the
table when a RESET is done. This table has
no meaning in G7 mode since the color
palette is not used.

In addition, since there are only four
colors available in G5 mode, wvalues from 4
to F have no meaning.

In this table, 'u means that the GEB

intensity is 0, and 7 means that the GRB
intensity is set to maximum.
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9. Composite video color burst

The phase of the color brust 1s set according to the contents of

register numbers 20, 21, and 22. These registers are initialized on
the transition between Low --> High of the *Reset signal.

Register Value upon
number initialization
20 &H 00
21 &H 3B
22 &H 05

In addition, when the values of all of the above registers are set
00, the color burst effect may be removed.

Note:

Lo

Do not set values other than those listed above in registers 20
to 22.
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10. Color bus

Color bus

Mode

7 6 5 4 3 2 1 0
Text I, II
Multicolor X X X X CC3 CC2 CCl CCo
Gl to G4

—Even — — Odd —

G5 X X X X cCl CCo CCl CCo
(211 CC3 cCc2 cCcl CcCco CC3 cCc2 CCl CCo
G7 cc7 CC6 CCs5 cC4 cC3 cCc2 CCl cco

The color bus is used as listed above whether deing input or output.
For example, in G4 mode, the lower four bits (CCO to CC3) output the

color code. These bits must be set before the signals are placed on
the color bus. In this case, the upper four bits are ignored. In
addition, during input, since the lower four bits have the color code,
that signal is displayed, and if DG = "1", the information is also
stored in the VRAM.

When using high resclution modes such as G5 and G6 modes, the even and

cdd dots are handled together as in 0-1, 2-3, 4-5, etc. (This is the
same during input and output).
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11. Sprites in G5 mode

In the G5 mode, the static screen has a resolution of 512 dots in the
horizontal direction. In addition, each pixel has two bits for the
color code.

Sprites are displayed using half the resclution of a static screen. As

a result, the sprite pattern has a resolution of 256 dots in the
horizontal direction, and the coordinates are x = 0 to 235.

In order to display a sprite pattern as shown in Fig. 1, Yyou must
create a sprite pattern generator table as shown in Fig. 2.

0 ABIAB A
v d g CDICD

2 |E FIE FIE F|E F|E FIE F|E F|E F
3 |G HIG HIG H|G H|G H|G H|G H|G H
4 I Ji1 Jd

5 y K LIK L 2
& . M NIM N -
7 2 0 P|C PIC P|C P

Fig. 1 Sprite pattern
MSB LSB

gkn. 00 1 .1 o o ©
1|l0 © 0 1 1 o 0 0
2 |1 1 11 1 1 1 1
3 1 1 1 1 1 1 1 1
410 0 0 1 1 o 0 0
5 0 i} 0 1 1 0 0 0
& o ¢ o0 1 1 SRR | DA
7 0 ¢ 1.2 -1 1 0 0

Fig. 2 Pattern generator table

151



SRRt

VI93 B MSX-VIDECQ Appendix

The colors of the sprites depend on the settings of the sprite color
table. The wupper four bits of the color table use controls such as
the Early Clock. The lower four bits are divided into twoe groups of
two Dbits. The upper two-bit group is for the color of the even
pixels, and the lower two-bit group is for the color of odd pixels.
If the bits are set individually for each two-bit group and the two
groups have different colors, the resclution for sprite colors can be
considered as being 512 dots.

If the color table is written as shown in Fig. 3, the sprite pattern
will be as shown in Fig. 1.

MSB L5B
0 A | B
1 c | c
2 E | F
7 G :| H
4 1 | J
: D
6 M r N
7 0 | P

Fig. 3 Color table
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