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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 Processcr (VDP)
for the MSX2. The MSX personal computer standard was introduced in
1983 by ASCII Corporation and Microsoft Incorporated. At present, the
M5X is manufactured and marketed worldwide. In 1985, out of the
desire to strengthen some of the functions of the original MSX, the
MS5XZ standard was developed. 1In addition to being software-compatible
with the MSX, the MSX2 supports new media and has video processing
capabilities that are not available on conventiocnal 8-bit personal
computers.

To make the MSX2 a reality, two reguirements for the Video Processor

were ugward camfatiblity with the existing TMS9%18A (the VDP for the
M5X) software while increasing the number of functions. The V9938 was

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

The fellowing functions are supported on the V9938,

= Full bit-mapped mode

= BO0-ceolumn text display

- hccess 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 (9 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 5s5ible for its use in a variety of
applications, including the MSX2. CAPTAIN terminals and N BS

terminals using the V9938 have already been developed. We heope that

Eﬂeivggaa will be a standard video processing device on a worldwide
sis.

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-VIDED USER'S MANUAL

BASIC INFPUT AND OUTPUT

1. 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.

1.1 Direct access

Output the data and the register number in seguence to port #l1. Since
this order is always used, be careful when you access the MSX-VIDEQ
for an interrupt routine.

MSB 7 6 5 4 3 2 1 0 LSB

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

Second by te 1 0 |RS |R4 |R3 |R2 |R1 |RO I REGISTER #

1.2 Indirect access

Specify the register number in control register R#17 (Contreol Register
Pointer).

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

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

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

MsB 7 6 5 4 3 2 1 0 LSB

Register #17 AII| 0 |RS |R4 |R3 |R2 |R1 |RO REGISTER #

‘: l: Auto increment inhibit
0: BAuto increment on

Port #3 First byte (D7 |p6 [p5 [p4 [p3 |p2 |D1 [DO | DATA

Port #3 Second byte D7 |bé |D5 |D4 |D3 |D2 |[D1 (DO | DATA

Port #3 nth byte DY |D6 |D5 |D4 |D3 (D2 |D1 DO | DATA

2. Accessing the Pallete Registers

To set data in the MSX-VIDEO 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 subsegquently output the two bytes of data
{in order) through port #2.
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MsB 7 6 5 4 3 EJJ 1 0 Lse

Register #16 lofo]ofolesca]ci[co]| pariete ¢

Port #2 Pirst byte [ 0 [r2 [m1 [ro [ o0 [B2 [m1 [mo | paTa
| SSSS S— i S —

Fed data BElue data

Port #2 Second bytel olo]o]o]o lc2 |a1 |co | para

| I——
Green data

3. Accessing the Status Registers

To read the status registers of the MSX-VIDEO (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 & 5 4 3 2 1 0 LsB

Register #15 | a J qd I a i a Status register

Port #1 Read data 07 |De |DS (D4 Do CATA

4. Accessing the Video RAM

A Video RAM of 128K 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/O registers)

Accessing memory
To access memory, follow the procedure below.

1. BSwitch banks (VRAM to Expansion RAM)

2. Set the address counter (Al6 to Al4)

3. Set the address counter (A7 to AQ)

4. Set the address counter (Al3 to A8), and specify read or write
5. Read or write the data
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1. BSwitching banks (VRAM to Expansion RAMN]

Since the contents of R#45 (Argument recgister) do not change each time

that memcry is accessed,

it is not necessary to respecify bit 6 of

register R#45 (which specifies banking! every time that you are to do
banking.
MSE 7 & 5 4 3 2 1 0 LsB
Begister #45 ] IHHC'MKDIEKS‘DIY DIX|EQ |HA{J Argument register

— 1: Expansion RAM
‘— 0: Video RAM
2. Betting the address counter (Al6-Al4)

Set the high-order three bits (Al6 to

Al4) of the address counter
using register R#l4 {(VRAM Access base address register).
Msg 7 & 5 4 3 2 1 0 LSB
Register #14 0 ] 0 a 0 |al6|alS5|Al4| VRAM Access base
address register
3., Betting the address counter (A7 to A0)
Set the low-order eight bits (A7 to A0} of the address counter by
outputting data to Port #1.
MSB 7 ] 5 4 3 2 1 0 LsB
Port #1 AT |A6 |AS |A4 |23 |22 |AL JAD 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 4 3 2 1 0 LSB
Port #1 x | x |azfarz]|ar1faro]as |as | second byte
T
] 0: Read
0 l: Write
5. 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.
o

£ be explained in a later chapter.

To access the VRAM, you can also use commands.

These commands will

Refer to the data sheet for access timings.
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REGISTER FUKCTIONS

1. CONTRCL REGISTERS #0 to #23 (Write only)

#32 to #46 (Write only)

1.1 Mode Registers

MSB 7 6 5 4 3 2 1 0 L5B

RE&0
E#l
RE8
RES

DG IEZLIEI M5 |m4 w3 | 0 | Mode Register ¢

Mode Register 1

Mode Register 2

Mode Register 3

* Indicates neégative logic.

R&0 DG :

IEZ2:
IEl:

M5
M4
K3

w8

R#l BL :
TED:
M1

Sl

B

RE#B M5
LP :
TF :

VE :

R#9 LN :

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

Enables interrupt from Horizontal scanning line by
Interrupt Enable 1.

Used to change 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 to 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 teo input mode and enables
mouse.

When 0, sets the color bus to output 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.

l = 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 heorizontal dot count to 192,
Selects simul taneous mode.
Selects simultaneous mode.
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IL . =

E0 :

*NT

When
When
When
Even
When

1,
0, non-interlace (Incomplete NTSC timing}

1, displays two graphic screens interchangably by
field/0dd field.

0, displays the same graphic screen by Even

interlace {(Complete WNTSC timing)

field/0dd field.

When 1,

PAL (213 lines); when 0, NTSC (262 lines).

(For RGB output only)

When 1,

sets *DLCLE to input mode; when 0, sets *DLCLE

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-VIDEO.

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

R#2

R#3

R#10

R#d

R#5

R#11

R#6

Al4|Al3|Al2|Al1|A10| Pattern name table base

address register

MSBE 7 6 5 4 3 2 1 0 LSB
0 |Al6|ALS
MB[AIZ

u11mu|n9 A8 |a7 a6 ] Color table base address

register low

l o[ o] o] o] o[ms|ars[aa]| color table base address

register high

0

0

Al6

AlS5|Ml4|AM3|A12|Al]1l| Pattern generator table

base address register

Al 4

Al3

Al2

ALLIALO|A9 |AB |A7 Sprite attribute table

base address register low

o] ofo]ofo]o[me|ars| sprite attribute table

base address register high

0

Al6

Al5|Al4|M3|AM2|Al]l| Sprite pattern generator

1.3 Color Registers

table base address register

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

R#7

el ek o s

MSB 7

TCO|ED3|BD2|BD1|BD0| Text color/Back drop

color register

6 5 4 3 2 1} 0 LsB
TC3|TC2|TCl
TC3 to TCO:

BD3 to BDO:

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

Specifies the back drop color in all display
modes.
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MsB 7 6 5 4 3 2 1 0 L5B

r#12  |r23[122{721|T20[RC3]RC2 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.
BCl to BCO: Specifies the color of part 0 of the pattern.

MsB 7 & 5 4 3 2 1 0 LEB

R#13  [on3|onz|on1|ono[or3[or2[ori]oro] Blinking pericd recister

In the bit map modes of GRAPH4 to GRAPH7, the two pages are
alternately displayed (blinked). Place data in this register tc set
the display page to an odd page to begin blinking. This register is
also used in the' TEXTZ mode.

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

MsB 7 & 5 4 3 2 1 0 LSB

R§20 | 0 | 0 | 0o]e]o]o| o] o] cotor burst register 1
m22 [oJolaJa]a]o 1] color burst cegister 2
R&22 I 1] | 0 [ (4] 0 [ ] | 1 | 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 values, the
normal coler burst signal will be output.

1.4 Display Registers
The display registers are used to control the display position on the
CRT.

MSE 7 6 5 4 3 2 i 0 LsB

R$#18 V3 |v2 |Vl |v0 |H3 |H2 |H1 |EHO Display adjust register

4

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

H=7 . ..H=1, H= 0, B= 15 .« H=8
(Left) (Center) (Right)
V=8...V=15, Yy=pD, ¥=1 .. . W=7
{Botteom) (Center) (Top)
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Mg 7 6 5 4 3 2 1 0 LsB

R#23 DOT |DO6 |CO5 | DO4 |03 |DO2 |DO1 |DO0| Display offset register

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

VRAM (Line) Tex 1) k,i_. .
0P 0 cerol wotWn
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

MSE 7 6 5 4 k| 2 1 0 LSB

R#19  (107[1o6|1es 4|13 [1n2[mw1fiwo] 1nterrupt 1ine register

You may specify interrupts when the MSX-VIDEQO begins to display a
epecified 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-VIDEQC registers or the VRAM.

MSBE 7 6 5 4 3 2 1 0 LSB

R#l4 0 0 0 0 0 |Ale|Al5|2A14| VRAM Access base address
register

When accessing the MSX-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 antomatically
incremented. In GRAPHICl, GRAPHIC2, MULTICOLOR, and TEXTl modes, the
data in the register is not automatically incremented.

R#15 0 0 0 0 |83 |82 |81 |80 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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MSB 7 6 5 4 3 2 1 0 LsB

RE16 0l o] o o]esfca]er Jco | cotor parette adaress
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 a 3 2 1 0 LSB

Re17  [a11] o ]Rs5lns4lasslnsz|ﬁsl RSO| Control register pointer

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

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

AlI
ALI

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-VIDEQO. Details on the use of theze command registers will ke
presented in a later chapter.

M5B 7 B 5 4 3 2 1 o L.SB

R#32 |5X7|5X6|5x5 Source X low register
R#33

Source X high register

R#34 |5v7|sv6|sys|sv4|sva|sva|sva[svo] source v 10w register

Re35 [0 [ o [ o[ o o] o]sw[sve] source v nigh register

R#36 Destination X low register

R#37 Destination X high register

olofo
R#38 |pY7|DY6|DYS|DYA MM@ Destination Y low register

R#39 0 0 0 0 0 0 |DY9|D¥B| Destination Y high register

R#40 |NX7|NX6|NX5|NK4|NX3|NK2|NX1|NX0| Number of dots X low register
R#4l | 0 | 0 | 0 | 0 | 0 I 0 | 0 |HHEI Number of dots X high register
r#a2 |Ny7|nve [ nys|nva[nya[nva]wv: NY0| Number of dots ¥ low register

rta3 | o[ o] oo | o | o [nyo[nve] wumber of dots ¥ high register

Rt44 [cu3|cn2[cn1[crofcra[er2]cn1[cro] color register

RE45 Lu |H]{CJEJED mxs [pry|p1x|eo |:I Argument register
rtd6 [cm3[cuz[cur]cmo Lo3[Lozfro1roo] commana 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-VIDEO is read.

MSB 7 & 5 4 3 2 1 0 LSB

S#0

C:

F |ss | ¢ [rifth sérit; number | Status register 0

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

Flag for the fifth sprite

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

Collision flag
Two sprites have collided.

Fifth sprite number:

The number of the fifth {or ninth) sprite.

MSB 7 6 3 4 3 2 1 a LEB

5#l FL |LPS Idéntificaéion‘t 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#1 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 S#l1 is read, LPS is not reset.
Mouse switch 1 (Mouse flag set)
The first switch on the mouse was pressed.
In this case, when 5#1 is read, LPS5 is not reset. a

0l P

Identification number: e W vy S
The identification number (ID #) of the MSX-VIDEO. )

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

M5B 7 [ 5 4 3 2 1 0 LSB
S#2 TR |VR |HR |BD 1 1l |EC |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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Cer Aurwan Vbalan o

VR: Vertical scanning line timing flag
During vertical scanning, this flag is set to 1.

VSo s/

HR: Horizontal scanning line timing flag f Sek ol.uJﬂ"‘\ H L‘Lﬂ“"k

During horizontal scanning, this flag is set to 1.

BED: Boundary color detect flag

When the search command is executed, this flag detects
whether the boundary color was detected or nect.

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

CE: Command execution flag
Indicates that a command is being executed.

6 5 4 3 2 1 0 LSB

7
s#3  [x7 [xs [x5 [xa [x3 Jx2 [x1 [x0 | column recister 10w
st4 [1[1 |1 ]1f1[1]1]xs] corumn register hieh
st5  [v7 [ve [v5 [va [v3 [v2 [v1 [vo | Row register 1ow
S#6 I 1 | 1 | 1 ! 1 l 1 [ 1 iEG IEE | Row register high
The above registers are set to indicate the collision location of

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

S#7 c7 |c6 |cs [cs |e3 |c2 [c1 [co | coler register

The above color register is used when the POINT and VRAM to CPU
commands are executed. The VRAM data is set in this register.

S48 !Bx? BX6|BX5|BX4|BX3 |BX2|BX1|BX0| Border X register low
1 ) l 1 1 1 1 1 1 1 |BX8| Border X register high

When the search command is executed and the border coclor has been
detected, the X coordinate is set in the above registers.

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

&8 ms mm ow

Controls

- Pattern font

- Screen pattern location
- Pattern color code 1

= Pattern color code 0

- Background color code

VEAM pattern generator table
VEAM pattern name table
High-crder four bits of R#&7
Low=order four bits of R#7
Low-order four bits of R#7

. BE E@d ga @s

Initial Settings

1. Mode and Register Settings

MEB 7 & 5 4 2 1 0 LsB

3
R0 ] |DG |IE2|1E1 D*l 0*1 D*I E_J Mode register 0

RE1 | 0 |31. |1Eu| 1#| o*] o |s_: |HE| Mode register 1

R#8 s |Lp [re |c8 lve | o spn|3w | Mode register 2
RE9 [ty | o [s1 [s0 |1 |[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.

- Each pattern has a number from PN0O 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.

R#4

MsB 7 6

5 4 ) 2 1 0 LEB

0 Q

Al6|AlS|A14|AL3|AL2|AL)| Pattern generator table

Pattern generator table

(X=1,

0=0)

M5B

B b e
DR T oy UL T N N R R

2040
2041
2042
2043
2044
2045
2046
2047

base address register

IT————-+—- These bits are not displayed.

76543210
Q0X000o0C
CROX0000
X000X000
KOO0OX0o00
EXXXX000
X000X000
XQOO0XoCoo

COo00000
XXXXoOoO0D
XOOOX0o0o0
RO00X000
XXXX0000
XO00X000
ROOOX000
KXXXO000
Q0000000

-

ROXOX000
OX0X0X0o0
XDX0OX000
OXOXONO0O0
XOXOX000
OX0X0X00
KOXOX0o00
OX0X0X00

Lse

— Pattern number 0

— Pattern number 1

—— Pattern number 255

12
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3. Pattern name table settings

- The pattern pame table is composed of one byte for each =creen
pattern. Each byte specifies a unigue pattern.

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

MsB 7 & 5 4 3 2 1 0 LSB

RE2 | o [ar6]ars|mafmafaz{mifaro] rattern name tabvle
base address register

Pattern name table

Base address
{ 0, 0} 0 0 1 2 3 . . 39 X
. D 1 0 0 1 2 3l . . 19
{ 2, D) 2 1 40 41 42 43 . . 79
- 22 | 8so| sel| . .. . | 919
(39, 0 19
23 920| 921 i . . 959
( 0, 13 40
¥
i é . Screen display correspondence

(38,23 959

13
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4. Color register settings

RE7

MEB

7 &

3 2 1

0 LSB

[rc3|rc2

TCO

ED3|BD2

BD1 [BDO

Eo

Example of VRAM allcocation in TEXT 1

0O0000H

003Con
00BOOH

01000H

013C0H

01 800H

02000H

lFFFFH

Pattern
NHame
Table 0

Pattern
Generator
Table O

Pattern
Name
Table 1

Fattern
Generator
Table 1

code 1
mode

MSB i [ 5 4 3 2 1 1]

Réz2 1] 1] (4] 0 ] 1] ¢ C
Al6é AlS Al4 AlL3 AlZ A1l ALOD

KSB 7 6 5 4 3 2 1 0
rta [o]ofo]o]o]o]o]1]
Al AlS Al4 A13 A1Z2 Al]

MSE 7 6 5 4 3 2 1 1]

R#2 1] 1] 0 0 0 1 0 0
Al6 AlS5 Al4 Al3 Al2 RAll AlQ

M5B ) 6 5 [ 3 2 1 0

R#d 0 0 0 0 1] 0 1 1

Al6 Al5 Al4 AlZ AlZ2 A1)

Text color/Back drop color
register
Specifies pattern color
code 0 or back drop coler
Specifies pattern color

L5B

LSB

LSE

LSB

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

14
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TEXT 2 MODE

Characteristics

= Pattern size
= Patterns
- Screen pattern count

6 dots (w) x & 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 colors ocut of 512 colcrs (per screen),
four if using bklinking

[T

8

= VEAM area per screen 1 BK bytes

Controls

= Pattern font : VRAM pattern generator table

- Screen pattern locgtion : VRAM pattern name table

= Blink attributes : VRAM color table

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

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

- Background color code 1 Low-crder four bits of R#7

= Pattern color code 1 : High-order four bits of R#12

(Used for blinking)

= Pattern color code 0 : Low-order four bits of R#12

(Used for blinking)

Initial Settings

1. Mode and Register Settings

MsB 7 6 5 4 3 2 1 0 LsB

REO |_n o6 |1e2|1E1| o*| 1*| 0*| 0 | Mode register 0
Ré1 o |BL |1E0] 1#] o*| o |s1 [mac]| mode register 1
REB ws [Lp [Tp |8 [ve | o SPD [BW | Mode register 2
RES LN 0 IEl isﬂ IL |EO f'E;TSE-I Mode register 3

* Examples of settings in TEXT 2 mode

** Indicates negative logic

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

Al 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 PFN255.

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

Msp 7 6 5 4 3 2 1 0 LSE

Ré4 0 0 |Al6|Al5|Al4|A13 (A12|All | 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!

ﬂ—————ﬂﬁm These bits are not displaved.

76543210 LSB
QOX00000
OXOXO000
X000X0C0
XO00X000 —— Pattern number 0
KEXXX000
XOOOX000
KOOOXooO
QOO00000 ——v
XXXXO000 ————
X000X000

XO0OX000

XXHXOO00 —— Pattern number 1
X000X000

XOOOX000

XXXX0000

Q0000000 —

=
4]
w

=
e =17+ s e = T - PU S =

it
B

ot Bt et
e LNaw o

2040 XOXROX000 —
2041 OXOXOX0O0
2042 XOXOX00Q
2043 OXOXO0X0O0 —— Pattern number 255
2044 XOXOX00O0
2045 OXOXO0XO00
2046 XOXOXO0O0O
2047 OXOXOX0Q ———

3. Pattern name table settings

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

- If LN is set tc 0, the screen display pattern is B0 (w) =x 24 (hl);
and if LN is set to 1, the screen display pattern is 80 w) x 26.5
(hY. The upper half of the 27th pattern (h) is displayed.

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

MsB 7 & 5 4 3 2 1 0 LsB

R#2 o |a6[ars[aafmafma] 1| 1 | pattern name table
base address register

16
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Fattern name table

4.

= In TEXT 2 mode, each pattern has

(o,

a)

{ 1,

0)

0)

(79,

al

( 0,

1)

(79,26)

Base address
0

79
80

2159

Color table settings

0 1 2 3 . s 79 X
a0 0 1 2 3 . 79
1 80 81 B2 83 . . 159
25 |2000)z001 . . + . |2079
26 |2080|z08l . . «+ o« |2159
T

Screen display correspondence

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.
MSE 7 & 5 4 3 2 1 0 LSB
R#3 [a3[mz{arfaofas [ 1] 1 ]1] cotor table
R#10 | 0 { 0 I 0 0 0 |Ale AlSlﬁl# base address registers
COLOR TABLE
MSB 7 ] 5 4 3 2 1 0 L5B
Q¢ 0, O2)C 1, 000 2, O)JC 3, O¥|( 4, O)|C 5, O)|C &, O)|( 7, O)|Base
address
1|{¢ 8, 0¥|C 9, O) (10, O)| (11, O)|(12, O)|(13, O) (14, O)|(15, O)
269} (72,26) i . . . (79,26)

17
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5. 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.
MSB

T 6 5 4 3 2 1 0 LEB

R&7 TC3|TC2|TC1|TCO|BD3|BD2|BD1|EBDO

Text color/Back drop
coelor register

- Set the blink attribute for the corresponding pattern by setting an
alternate coler code in register R#12. The pattern will be blinked
by using the color codes set in registers R#7 and R#12.

MSB 7 & 5 4 3 2 1 0 LsB

R$12 T23 |T22 |T21 |T20 |BC3|BC2| BC1| BCO

Text color/Back color
register

6. Blink register settings

= The coleor codes set in registers R#7 and R#12 will be alternately
Cisplayed for blinking; however, the blinking period attribute (time
on and time off) c¢an also be set in register R#13.

R #12 R &7 R #12

l#— 0On time —|&— OFff time —=|

MsB 7 6 5 4 i 2 1 0 LsB

R#13 oml

ONO |OF3
] C

GF2:GF1{DFB

Elinking period register

oN3 Iowz
L

ON time OFF time

- The data for the ON and OFF times are shown below. (NTSC)

1ls

DATA (Binary) TIME (ms) T <
0000 0 o
0001 166.9 A o
T 333.8 co
0D11 500.6 10
0100 667.5 e,
T b 834.4 =0
110 1001.3 60O
D1 17 1168.2 SO
200 0 1335.1 7O
S0 01 1501.9 a o
D10 1668.8 \ O
T T 1835.7 vy O
110 0 2002.6 \3;%
$e1°0. 1 2169.5 1 LC
1T 2336.3 ' O
1411 2503.2 \ SO
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Example of VRAM allocation in TEXT 2 mode

00000H

00870H
00AQOH

Q0BOEH
01000H

01800H

02000H

02870H
02A00H

02BOEH
03000H

03800H
04000H

1FFFFH

Pattern
Hame
Table 0

- Color —
Table O

Pattern
Grnerator
Table 0

Pattern
Hame
Table 1

=Color -1
Table 1

Pattern
Generator
Table 0

Pattern name table base address

MSB 7 6 5 4 3 2 1 0

Eel 0 0 0 0 0 0 1 1

Al6 AlS Al4 ALl AL2

Color table base address

KEB 7 ] 3 4 3 2 1 1]

R#3 [Dlﬂ—lllﬂ N ENERE

Al3 A12 ALl ALD A9

R#10 0 0 0

a|n10|n 0

Ale R15 Al 4

Pattern generator table base address

MSB 7 6 5 4 3 2 1 0

RE4 0 0 0 0 0 0 1 0

Al6 RA1S5 Al4 AL3 Al2 All

LSB

LEB

L3B

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

Characteristics

- Screen composition
Color blocks

64 (w} x 48 (h) coler blocks
Sixteen colors out of 512 colers

]
wr e

= Sprite mode : Sprite mode 1

= VRAM area per screen : 4K bytes

Contreols

- Color block color code : VRAM pattern generator table
- Color block location ;i VRAM pattern name table

= Background color code : Low-order four bits of RE&7

- Bprites : VRAM sprite attribute table

VEAM sprite pattern table

Initial Settings
l. Mode and Register Settings
MSB 7 & 5 4 3 2 1 0 LsB
RE0 l 0 |DG |IE2|IE1| ﬂ*l U*I 0*| 0 | Mode register 0
Rl 1*| 0 |5I E’ Mode recister 1
Ré8 LP TF |B |VR SFDE Mode register 2

R#9 LH | € |81 |s0 |IL |Eﬂ f*ﬁTlDC Mode register 3

* Examples of settings the display mode toc the MULTICOLOR mode
** Indicates negative logic

2. Pattern Generator Table Settings

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

- Each pattern is made up of four color blocks. These patterns are

apptoximately 8 x B when the dots available for the screen display
area is 256 x 192 dots.

=-—— § dotg —=

M
For each block A, B, C,
8 dots and D, sixteen colors may
l be specified.
c D

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

MSE 7 6 5 4 3 2 1 0 L58

I Célur:code A Célor'codq B

Color:cndé C Célor 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 LsB

A B Coler code A Color code B Pattern when
+ + + t + + ¥Y=0, 4, 8, 12, 16,
= D Color qodeic Co%or code D or 20 is selected
E F Color code E Color code F Pattern when
t + 4 + . + ¥=1, 5, 9, 13, 17,
Pattern | G H Color code G Color code H or 21 is selected
name 4 . 4 . L 4
N . . . v . .
I J Color code I Color code J Pattern when
t t + t 4 t y=2, 6, 10, 14, 18,
K L Color code K Color ?nde.L or 22 is selected
M N Colar code M Color code N Pattern when
t + t === i ¥=3, 7, 11, 15, 19,
o P Color code O Color code P or 23 is selected

- 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 [0 | o |me|ars|ma]ms|mz]mi] rattern generator tabie
base address register

Fattern generator table

0 Base address
Pattern name #0

(Eight bytes)
B
Pattern name #1
(Eight bytes)
16
\ L 2040
Pattern name #255
(Eight bytes)
2048

21
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3. Pattern name table settings

- The pattern name table is composed of
pattern. Each byte specifies a unigue

Fattern name table

] 1 2 3 «

- - . . - - ®

22 T04| 705 . ' -
23 736 737 . . . 0.4
Y

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

MSB 7 6 - 4 3 2 1

]
pa

ne byte £for each =creen

ttern number.

31 X

31

63

735

167

th

€ pattern name table

LsB

R#2 0 |AL6|ALS |AL4|ALS |A12 A1)

Pattern name table

Fattern name table

Base address
{ O =0) 1]
(1, ¢} 1
(2, 0} 2

(31, o i1

( 0, 1} iz

(31,23} 167

22

base address register

in
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4. Color register settings

M5B 7 6 5 4 3 2 1 0 LSB
R#7 TC3 |TC2 |TC1 |TCO |BD3 |BD2 [BDL [EDU| Text color/Back drop color
register

Specifies backdrop color
Ignored

5. Sprite settings

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

M5B 7 6 5 4 3 2 1 0 LsB

RS [m4farsfarzfar|molas [as [a7 | sprite attribute table
base address register

R#11 olo]olo]|o] o |mslais

RE6 0 [ o [as|as{ma|msfarz|mi] sprite pattern generator
table base address
register

23
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Example of VRAM allocaticn in MULTICOLOR mode

gooooH

00400H

CGO700H

QO 80Q0H

COCO0H

01000H

1FFFFH

Sprite
Generator
Table
(1024
byteg)

Pattern
Hame
Table
(768
bytes)

Sprite
attribute
table
(128
bytes)

Pattern
Generator
Table
(2048
bytes)

00700H

007 80H

00800H

A maximum of 32 pages may be allocated in
the same manner (using a 12BE-byte VRAM).
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GEAFHIC 1 MODE

Characteristics

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

- Screen pattern count 32 (w) % 24 (h) patterns

- Pattern colors 16 colers out of 512 coleors (per screen’
- Sprite mode Sprite mode 1

- VRAM area per screen 4K bytes

e @8 mE a8 w8

Controls

- Pattern font
- Screen pattern locaticn

VERAM pattern generator table
VRAM ttern name table

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

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

- Sprites t VRAM sprite attribute table, VRAM sprite

pattern table

Initial Settings
1, Mode and Register Settings

MEB 7 6 5 4 3 2 1 0 LsB

R#0 0 162 [1e1| 0*| o0#| o+ _’ Mode register 0
RE1 IEL [1e0] 0*] o] ﬂ_ls-I_j Mode register 1
R#8 us | |rp |8 |vr | o [sep[sw | Mode recister 2
RE9 Ly | o [s1 [so |1 |eo **n7|Dc | Moge recister 3

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

25
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2. Pattern Generator Table Settings

- The pattern generatcr 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 B bytes.

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

5 4 3 2 1 0 LSB

register R#4.
MsB 7 6
R#d 0 0

a16 |a15 |m1a[m3|m2|m1 | pattern generator table

base address register

Fattern generator table

(X=1, O=0)

M5B

el el Sl
e LN e L B O D D =) O N s L b D

2040
2041
2042
2043
2044
2045
2046
2047

76543210
OOXXXO00
OXOOOXO00
X00000X0
X00000X0
REEXXEXXD
X00000X0
X00000X0
CO000000
KXXXXKOO
X00000X0
X00000X0
XXXXXX00
X00000X0
X00000X0
XXXXXX00
00000000

XOXOX0X0
OXOXOX0X
XKOXOX0X0
CHOXOX0X
KOXOXOX0
OXOXOX0X
XOXOX0X0
OXOXOXOX

Base address

— Pattern number 0

|

— Pattern number 1

— Pattern number 255

26




V9938 MSX-VIDEQ USER'S MANUAL

3. Pattern name table settings

- The pattern name table is composed of one byte for each screen
pattern. Each byte specifies a unique pattern.
- Set the beginning (head) address of the pattern name table in

register R#2.
MSE 7 6 5 4 3 2 1 0 LSB

R#2 [ o |ae|ars|amafmafarz{mi|ro] pattern name table
base address register

Fattern name table

Base address
( 0, Q) 1] 0 1 2 3 g g 31 X
(1, 0} 1 0 0 1 2 28 31
(2, 0 2 1 iz i3 34 - . 63

22 T04| 705 . . (7o 735

(31, 0} 11
(o, 1) 32

23 736| 737 . . u ek 767

Y

Screen display correspondence

(31,21) 767 (byte)

4. Color register settings

MsB 7 & 5 4 3 2 1 0 LsB

R#7 |rc3 | ez |re1 {rco|en3 [epz [Bp1 [BD0| 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.
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Mse 7 & 3 4 3 2 1 0 LsB

R#3 a13|ar2|ai1[aro[as [as [a7 Ja6 | coror table base adaress
R#10 loJofo]o]o IAlGlhlEl;;:] register

Color table

r Color code for part 1
| ’ ' | | I I I Color code for part ©

M5B 7 6 5 4 a 2 1 0 LSB
Bacse address

Q FCI|FC2|FC1|FCO|BC3|BC2|BC1|{BCO| Pattern MNos. 0 to 7
1 FC3|FC2|FCl|FCO|BC3|BEC2|BC1|BCO| Pattern Nos. 8 to 15
T M e T T e R L . . . e
il FC3|FC2|FC1|FCO|BC3|EC2|BCLl|BCD| Pattern Mos. 248 to 255

6. BSprite settings

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

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.

M5B 7 6 5 4 3 2 1 0 LsB

RES M4lali|laz|all|alo|as |A8 |AT Sprite attribute table

R#11 0 0 0 0 0 | 0 |n15 Al5]| base address register

R#6 [o] o |a16|a15|a1a|a13[ar2[a11] sprite pattern generator
table base address
register
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Example of VRAM allocation in GRAFHIC 1 mode

00000H
Sprite
Generator
Table
(1024
bytes)
00400H
Pattern
Name ) 00700H
Table ~ | Sprite
(768 e attribute
bytes) | .- table
CO700H (128
bytes)
007 E0H
00800H Color
i table
+{32 bytes)q 007A0H
0OBOOH
FPattern
0O0COO0H Generator
Table
(2048
bytes)
01000H
4 - A maximum of 32 pages may be allocated in
. . the same manner (using a 128E-byte VRAM).

1FFFFH L—l

29
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GRAFHIC 2 AND GRAPHIC 3 MODES

Characteristics

- Pattern size

- Patterns

- &Screen pattern count
- Pattern colors

- Sprite modes

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)
- VRAM area per screen : 16K bytes

A LI T

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

Controls

- Pattern font ' : VRAM pattern generator table
- Screen pattern location : VRAM pattern name table
- Pattern color code= 1 & 0 : Can be specified as a group for each

raster, in the VRAM color table
= Background coclor code : Low=-order four bits 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. 1R s TEH
R%0 L_U 1UG I1E2|1E1| D*l %*l | 0 Mode register O

0 1 for GRAPHIC 2 mode
—— ], 0 for GRAPHIC 3 mode

RE1 [ o [se |1e0] o*] o#] o [s1 |mAc| Mode register 1
REB [vs [Lp [re [cB [ve [ o [sep|sw | mode register 2
R#9 liv | o [s1 [so [1w [eo **n1foc | Mode register 3

Examples of settings in GRAPHIC 2 mode or GRAPHIC 3 mode
** Indicates negative logic
All other bits are set accordingly.

3o



V9938 MSXK-VIDEC USER'S MANUAL

2.

3,

4.

Pattern Generator Table Settings

The pattern generatocr table is an area that stores the pattern fonts.
Each pattern group has a number from PNO to PMN255; 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#4.

MSe 7 6 5 4 3 2 1 0 LsB

R# 4 0 0 |A15|A151Al4|A13[ 1 I 1 Pattern generator table
base address register

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 takle in registers R#3
and R#10.

M5B 7 & 5 4 3 2 1 0 LsmB

R#3 [ilil 1 i 1 | 1 [ 1 l f_r 1 | 1 | Color table base address

R#10 0]o]o]| o] o |me[ars|ars] register

Color register settings

MSB 7 6 3 4 3 2 1 0 LsB

R#7 TC3|TC2|TCl|TCO|BD3|BD2|BD1|BD0| Text coclor/Back drop
color register

Specifies backdrop color
code
Ignored

il
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Fattern generator table

(X=1, 0=0}

Pattern number © —_

Pattern number 1 —

Pattern number 255 —o

2048

4096

61l44

-

Pattern generator

table

256 patterns
for upper
third of
screen

(2048 bytes)

256 patterns
for middle
third of
sCreen

(2048 bytes)

256 patterns

for lower
third of
screen

(2048 bytes)

MSE 76543210 LSB

O0XXX000
OXO00X00
XOQ00CHD
KO0000X0
KXXXXXXO
XO0000XD
X00O0OX0

00000000
KXXXXX00
XoO0QoXo
X00C00X0
XXXXXX00
RO0000HD
XO0000XD
EXXXXX00
CooOCooo

-

el e
LR LR R S = T R R RS PO S

2040 XOXOXOXO
2041 OXOXOXOX
2042 XOXOXOXO0
2043 OXOXOXOX
2044 XOXOXOXO
2045 OXOXOXOX
2046 XOXOXOXO
2047 OXOXOXOX

Color pattern 1
Color pattern 0

Color table

256 colors
for upper
third of
screen

(2048 bytes)

256 colors
for middle
third of
screen

(2048 byteg)

256 colors
for lower
third of
SCreen

(2048 bytes)

a2

MSE 76543210 LSB
Q0000000
00000000
Q0000000
Co000000
CQooo000
CooCooo0
CO0Qooo0
Coooooo0
00000000
00000000
00000000
00000000
Q0000000
QO000000
0O000000
CooQo000

"

CoooCoooD
Coooooo0
00000000
Q0000000
00000000
00000000
00000000
00000000

|I||

Base address

B ¢

Middle
Third

Lower
1£' Third

Display screen
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3. Pattern name table settings

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

- The upper, middle, and lower parts of the screen can be used as
three different parts, for a total of 768 patterns.

Pattern name table

(o, 0 Pattern display area for upper (31, 0}
third of screen (256 bytes)
{0, 7) €31, 7)

(0, 8) Pattern display area for middle (31, 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) (31,23)

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

MsB 7 6 5 4 3 2 1 0 LSB

R#2 | o [a16 HlS]ﬂld}ﬂl3]A12|AIllﬁlﬂ Pattern name table
base address register

Pattern name table

Base address
0

(o, 0
(1, 0) 1 — For upper third
1 of screen
(31, 1) 255
{ 0, B) 256
— For middle third
. of screen
(31,15} 511
( 0,15) 512
— For lower third
g of screen
{31,23) 767 {byte)
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4.

fprite settings

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

MSBE 7 6 5 4 3 2 1 0 LSB

RES a14[a13[ar2[a11]at0] a 8| 27| sprite attribute table

R#11 [ 0 | 1] i 1] I 0 | 1] | 1] [AlEIHlS] base address register

Ri6 [_(}[ 0 lmsrn15|m4|a13|hlzfn11 Eggli:ebap.::tiggrgizeratm
register

34
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Example of VREAM allccation in GRAPHIC 2 mode

Q0000H

Pattern
Generator
Table

Upper

Pattern
Generator
Table
Middle

COB0OH

0loooH

y 01B800H
Pattern ~| Bprite
Generator K generator
Table s table
Lower o

01800H i

01CO00H

02000H L Sprite
Color " attribute
Table o table
Upper o 0lcaoH

02800H

Color
Table -
Middle 02000H

03000H
Color
Table

Lower
03BO0H

Fattern
Name
Table
03B00H

04000H

. . A maximum of 8 pages may be allocated in
. . the same manner (using a 128R-byte WVRAM).

1FFFFH [—————————J

s
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Example of VEREAM allccaticrn in GRAPHIC 3 mode

00000H

COB00H

0l000H

GlB0O0H

02000H

02800H

03000H

03 800H

03BOOH
C4000H

1FFFFH

Fattern
Generator
Table
Upper

Pattern
Generator
Table
Middle

Fattern
Generator
Table
Lower

Sprite
generator
table

Color
Table

Upper

Sprite
color
table

Color
Table

Middle

Sprite
attribute
table

Color
Table
Lower

Pattern
Hame
Table

A maximum of 8 pages may be allocated in
the same manner (using a 128K-byte VERAM).

36
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GRAPHIC 4 MODE

Characteristics

= S5creen colors
- Sprite mode

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

256 (w} z 192 (h) dots

Sprite mode 2

CER T T

16 colecrs out of 512 colers

= VRAM area per screen 32K bytes

Controls

= Graphies : VRAM pattern name table

- Background color code : Low-order four bits of R&7
- Sprites : VRAM sprite attribute table,

pattern table

Initial Settings

1.

Mode and Register Settings

MSE 7 6 S5 4 3 2 1 0
RE0 I_ﬂ_m: 1e2| 11| o+] 1#| 1+] o
RE1 [T[-EIL |1e0| 0+ o] o [s1 [mac
REB ms |Lp [re [c [vr [ o [sepfew |
R#9 Ly | 0 [s1 [so [1L [E0 **n1|DC

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

L5B

Mode

Mode

=

ode
Mode

register
register
register

register

In GRAFHIC 4 mode, if LN is set to 1, the screen height
and if LN is set to 0, the screen height is 192 dots.

All other bits are set accordingly.

37
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2. Pattern name table settings

- The pattern name table is composed of one byte for every two dotz on
the screen. A color can be aesigned for each dot from a zelection
of 16 colors out of 512 colors.

X
(0, 0)|(1l,0} (254, 0)|i255, 0)
(o, 11} (255, 1)
¥
X X

(0,191) (255,191)
e S wre oo s Lkl = 0

(0,211) (255,211)
e e b ., L LH =1

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

MSE 7 & 5 4 3 2 1 0 LSB

Ri2 0 |rAlelals| 1 1 1 1 1 Pattern name table
base address register

These two bits specify
the page to display

i
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Pattern name table

M5B 7 6 5 4 3 2 1 0 LEB
1 E ﬂ: U; ; l: D; Base address
2 AT TS (3, 0) Set the color code for each
. - : . - . dot in this table.
T T T T T T
127 (254, 0) (255, 0
128 $ 80, 1) ( 1, 1)
27134 (252,211) 1253,211)
L M 1 L i 1
27135 (254,211) 1255,211)
3. Color register settings
MSE 7 & 5 4 3 2 1 0 LsmB
RE7 [zc3|rc2|rca[rcofeps]ep2[ep1[e0] Text color/Back drop
color register
Specifies backdrop color
code
Ignored
a9
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4.

- Set the beginning

Eprite settings

registers
eprites,
MSB
RE5

R#ll

Ei6

(head)

R#5 and R#11;
sprite pattern generator
see the section

7

& 5

4

address of the sprite
and set the beginning
table in reagister R#6.

on SPRITE

3 2

MODE 2.

1 0

|A14|h131A12|A11|AlU[ 1 | 1 } 1 !

0

uiu[u[u[n|ms|u5

AlE

AlS

Al4|Al3

Al2

All

Example of VEAM allocaticn in GRAPHIC 4 mode

C0000H
02000H Fattern
name
table
04000H
192 lines
06000H
212 lines
06A00H
07000H
08000H

1FFFFH I————l

Sprite

generator

table
(2048

byteg)

Sprite

color

table
(512

bytes)

Sprite
attribute
table
(128
bytes)

07000H

07800H

07A00H

07ABOH
OEQQOH

attribute table in
(head) address of the

For details about
LSB

Sprite attribute table
base address register
Sprite pattern generator

table base address
register

A maximum of 4 pages may be allocated in
the same manner {using a 128K-byte VRAM).
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GRAPHIC 5 MODE

Characte

ristics

- Bit-mapped Graphics Mode

VRAM sprite

- Screen size : 512 (w) x 212 (h) dots
512 (w) x 192 (h) dots

- Screen colors : 4 colors out of 512 colors (per screen)

- Sprite mode : Sprite mode 2

- VBAM area per screen : 32K bytes

Controls

= Graphics : VRAM pattern name table

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

- Sprites : VRAM sprite attribute table,
pattern table

Initial Settings

1. Mode and Register Settings

R#0
Rl
R#8
R#9

MEB 7 6 5 4 3 2 1 0 LSB

1E1 0¢| o*] 0 | Mode
[ 0 |BL [m}| 0+] 0*—|~ﬂ?|_| Mode
[#s |te |7p [cB |ve | o |sep[ew | mode
[th [ o [s1 [so [ [eo **nt[oc | mMode

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

In GRAPHIC 5 mode,
and if LN is set to 0,

All other bits are set accordingly.

41

register
register
register

register

if LN is set to 1, the screen height
the screen height is 192 dots.

is 212 dots.
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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
selection of 4 colors out of 512 colors.

X
(0, 0Q)jpi1,0 (510, 0Q)]is511, Q)
o, 1) {511, 1)
¥ (X, ¥)
(0,191) (511,191)
e e R E e EEAEES EEaE oEE A E =W AN EEE E R EE R EE E W ow W owE LM =
(0,211) (511,211)

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

MsB 7 & 5 4 3 2 1 0 LSB

E#2 0 |als|als] 1 1 1 1 1 Pattern name table
base address register

These two bits specify
the page to display

42
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Pattern name table

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

Lad
]

0 ( 0, Q)] 1, D)|C 2, Q)] Base address

e |

[

=
e

Set the color code for each
dot in this table.

1 ( 4, 0)]C 5, 0)]C 6, OY[!

- -

T T T T
127 (508,0) {50?,0J (510,00 | (511,0)

128 to, jc1, ]2 i3, D

27135 (311,211)

3. Color register settings

MSB 7 6 5 4 3 2 1 0 LSB

R#7 rc3|rc2|rc1|rcofen3{sp2]ep1[Bo0] Text color/ack arop
color reagister

Specifies backdrop color
code

Ignored

4. §gprite settings

= Set the beginning (head) address of the sprite attribute table in
registers R#5 and R#ll; and set the beginning (head) address of the

sprite pattern generator table in register R#6. Por details about
sprites, see the section on SFRITE MODE 2.

M5B 7 6 5 4 3 2 1 0 LsB

R#S [mafasfmz{mi|mo] 1] 1] 1] sprite attribute table

R#11 | of o] o] o] o o|ame[ais| base address register

R#6 0| o |mefars|malarz|mz|a1]| sprite pattern generator
table base address
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 te 511).

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

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

Even dots (0, 2, . . . 510)
—— 0Odd dotz (1, 3, . . . 511}

Two graphics dots

A sprite dot

XXX

MSB A7)/ LeB Bits specifying sprite colors(4 bits)

44
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Example of VRAM allocaticn in GRAPHIC 5 mode

Qo000H

02000H

04000H

C6000H

06A00H
07000H

0B000H

Pattern
name

table

192

lines

212 lines

Sprite
generator
table
(2048
bytes)

Sprite
color
table
(512
bytes

Sprite
attribute
table
(128
bytes)

1FFFFH ["-—~—-"—-J

07000H

07 800H

07R00H

07A80H
0BOOOH

A maximum of 4 pages may be allocated in
the same manner

45
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GRAPHIC 6 MODE

Characteristics

- Bit-mapped Graphics Mode
- Screen size : 512 (w) x 212 (h) dots
512 (w) x 192 (h) dots
- Screen colors : 16 colors out of 512 colors (per screen)
- Sprite mode : Sprite mode 2
- WVRAM area per Screen : 128K bytes (Two screens)

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

Controls

- Graphics : VRAM pattern name table

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

- Sprites : 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 [0 [os Jrezfzea] 1+] o 1+] 0 | mode register o

RE1 [o [ee [ze0] o+ o+] o [s1 [wAc] Moce register 1
R#8 [ws Jue [re [ [vr [ o [seoew | Hode register 2
R¥9 fuw Jo [s1 [so [ [eo *sntfoc | Mode register 3

* Examples of settings in GRAPHIC 6 mode :
** Tpdicates negative leogic

In GRAPHIC 6 mode, if LN ie set to 1, the screen height is 212 dots,
and if LN is set to 0, the screen height is 152 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 assigned for each dot from a selection
of 16 colers out of 512 colers.

X
(¢, 0)|{(1,0) (510, O)|(511, @}
(0, 1 (511, 1}
Y (X, Y)
(0,191} (511,191)
(0,211} (511,211)
N PS4 2 LM =1

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

MsB 7 [ 5 4 3 2 1 0 LSB

R#2 [o]ofame |1 |1 [1]1]1 [pattern name table
base address register

———H*——*Sge ifies the page to display (In G6 and
G odes, the position of Al6 differs).

AL pnash ostr Liks A S oo wel head

l - mwbﬂ’\
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Pattern name takble

MSB

LSB
BEase address

Set the color code for each
dot in this table,

LsB

Text color/Back drop

color register

Specifies backdrop color
code

6 5 4 3 2 1 o0
0 ( 0, 0 ( 1, ol
T
| I
| |
| |
255 :r:s.lu': ni ?511; 0)
256 { n 1 .: 1 1::
| I |
1 1
| |
54270 :rscss;zn]: 5509;21112
54271 ?51:1;2111' (511,211)
3. Color register settings
HEB 7 . 6. liba ol dhe o DVE
R%7 rc3|re2[rci[rcolep3[eoz[ep1len0
4. BSprite settings

registers

sprite pattern generator table in register R#6.
see the section on SPRITE MODE 2.

Eprites,
MEB
B#5

R#11

R#6

Set the beginning (head) address of the sprite attribute

Ignored

table in

R#5 and R#ll; and set the beginning (head) address of the

7 6 5 4 3 2 1

0

For details about

LsB

| 214

m3fmzfanfaof [1]1]

Sprite attribute table

|u|n|u]u|n|u]ms|u5]

base address register

0 | o [mefars|mafmi]mz

All

Sprite pattern generator

48

table base address
register



V9938 MSX-VIDEQO USER'S MANUAL

Example of VRAM allocation in GRAPHIC 6 mode

QQO00H

04000H

08000H

0CO00H
0D400H

OF0DOH

10000H

Pattern
Hame
Table

192 line

212 line

Sprite
generator
table
(2048
bytes)

Sprite
color
table
(512
bytes)

Sprite

attribute

table
{128

by tes)

A maximum of 2 pages may be allocated in
the same manner (using a 12BK-byte VEAM).
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GRAPHIC 7 MODE
Characteristics

- Bit-mapped Graphicsz Mode

- Screen size 3 256 (w) x 212 (h) dots
256 (w) x 192 (h) dots
256 colors (per screen)
Sprite mode 2

128K bytes (Two screens)

= Screen colors
= Sprite mode
- VBAM area per screen

TRy

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

Controls

- Graphics : VRAM pattern name table

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

- Sprites : VRAM sprite attribute table, VRAM sprite

pattern table

Initial Settings
"l. Mode and Register Settings
MSB 7 6 5 4 3 2 1 0 Lsp

R#0 [ o [os [1e2]1ea 1#] 1#| 1#| 0 | rode recister o
[

R#1 |sr [1eo] o+ o*] o [s1 [mac| mode recister 1
R#8 s |up |7 [ [vk [ o [seofew | moce recister 2
RE9 [t [ o [s1 Tso [ie [Eo **nt[DC | Mode register 3

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

In GRAPHIC 7 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 table is composed of one byte for every dot on the
sCreen. A color can be assigned for each dot from a selection of
256 colors.

X
(0, 0Q)jt1,m (254, 0)](255, O0)
(0, 1) (255, 1)
Y (X, ¥}
(0,191) (255,191)
0ot AL T T TR - o R gl e LM = 0
(0,211) (255,211)

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

Msp 7 6 5 4 3 2 1 0 LSB

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

—— Specifies the page to display; in the G6
and G7 meodes only, the locatien of the Al6
bit differs.
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Pattern name table

MSB
[
1

S4270
54271

firllnlll‘f#f‘;“

L&

GREEN

L
ELUE

g54,'211}

i + +
255, 211}

3. Color register settings

R&7

MSB

2

6

5

4

3

BD7

BD6

BD5

BD4

BDR3

BD2

BD1

BLO

4. ©Sprite settings

- Set the beginning (head)

registers R#5 and R#l1;

Eprite pattern generator

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

R¥5 aalmsfaz{mifaol 1 J1 T2

RE11 lofofo]o[o]o [me[as]

RE6 Al1|

Lo | o [me|ms|mafmsfac

52

BEase address

Eet 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

LSB

Sprite attribute table
base address register
Sprite pattern generator

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

0o000H

04000H

QB000H

OCO00H
OD400H

OF00O0H

10000H

1FFFFH l——i

Pattern
Hame
Table

192 line

212 line

Sprite
generator
table
t2048
bytes)

Sprite
color
table
(512
bytes

Sprite

attribute

table
{128

bytes)

-
-
-

OF0O00H

OFeQ0H

OFAQOOH

OFABOH

10000H

N IR R N,
ol
Mg bl
M mereri b g o
4
r [
Letoy bivge s
I:al‘”"--"-- Leenrs pia
ke Ly

A maximum of 2 pages may be allocated in
the same manner (using a 128K-byte VRAM).

53




COMMANDS

l. Types of Commands
It is very easy to use MSX-VIDEOD commands to perfoerm functions such as
LINE and PSET for use with graphics, and for transferring parts of the
sCreen.
Summary of Commands
Command MName |Destination |Scurce Late Fnemonic|CM3|[CM2|CM1|CMO
High-speed VRAM CPU Byte HMHMC 1 1 1 1
mov e VERAM VERAM Byte YMMM 1 1 1 0
VRAM VRAN Byte HMMM 1101
VRAM VDP Byte HMMY 11100
Logical move VRAM CPU Cot LMMC 1 o 1 1
CPU VERAM Dot LMCM 1 4] 1 o
VRAM VRAM Dot LMMM 1 0 0 1
VRAM VDF Dot LMMy 1 0 0 0
Line VERAM VLDP Dot LINE 0 1 1 1
Search VERAM VDP Dot SRCH 0 1 1 1]
Pset VERAM vDoP Dot PSET 0 1 1] 1
Point vop VRAM Dot POINT | O 1 0 0
Invalid 0 0 1 il
Invalid 0 0 1 o
Invalid 0 ] 0 1
Stop c|lo]lofo

Commands are executed in the MSX-VIDEO by writing the data into R#d46
{the Command Register, hereafter abbreviated CMR), and setting bit 0
of status register S#2 (CE/Command Execute) to 1. Before this can
be done, the necessary parameters must be first have been =et in
registers R432 to R#45.

When the command execution is complete, CE is set tec 0.

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

The results of command execution are only guaranteed during bit map
mode (Grarhd4 to Graph7).

24



V9938 MSX-VIDEC USER'S MANUAL

2. Page Concept

The parameters used for the MSX-VIDEO are all x-v coordinates. In
other words, the internal command processor of the MSX-VIDED 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
RE#2.

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
00000H
(0,0} (255,0) (0,0) {511,0)
Page 0 Page 0
(0,255) (255,255) (0,255) (511,255)
DB000H
(0,256) (255,256) (0,256) (511,256)
Page 1 Page 1
(0,511) (255,511) (0,511) (511,511}
10000H
(0,512) (255,512) t0,512) (511,512)
Page 2 Page 2
(0,767) (255,767) (0,767 (511,767)
18000H
(0,768) (255,768) (0,768) (511,768)
Page 3 Page 3
(0,1023) (255,1023) (0,1023) (511,1023})
1FFFFH
GRAFH 7 GRAPH 6
00000H
(0,0} (255,0) (0,0} (511.,0)
Page 0 Page 0
(0,255) (255,255) (0,255) (511,255}
10000H
(0,256) (255,256) (0,256) (511,256)
Page 1 1 Page 1
(0,511} (255,511) (0,511} (511,511)
1FFFFH
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3. ‘Logical Operations

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

To do logical operations on the MSX-VIDEQ, write the lower four bLits
of dR#iE (Command register) simultanecusly when you specify the com-
mand.

Summary of Logical Operations

Hame Cperation LO3|LOZ|LOLl|LCO
IMP DC=5C o 1] 0 v
AND DC=5C*DC 0 0 0 1
OR DC=SC+DC o 0] 01 0
ECR DC=SC*DC+SC*DC 010 f1]l
HOT DC=5C 0] 1 00
-—= ' 0 1 0|1
= 0 1 1 0
——r 0 1 1 1
TIMP if 5C=0 then DC=DC else DC=5C 1 0 0|0
TAND if 8C=0 then DC=DC else DC=SC*DC 1 0 0§ 1
TOR if SC=0 then DC=DC else DC=SC+DC = 110]1]o0
TEOR if 5C=0 then DC=DC else DC=5C*DC+EC*DC 1 g 1 1
THOT if 5C=0 then DC=DC else DC=SC 1 1 1] a
_—— ] 1 a 1
- 4 R e e | 0
- ' PR e | i

* 5C = 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 in 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)
- DIX
NX ME5X~- CFU
NY |« VIDEQ| ¢—
| oy

4.1.1 HMMC Execution Order

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

MED: Select destination memory
0: Video RAM
l: Expansion RAM

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

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

*1 MNote 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 NX from x-coordinate of destination

0: Right
l: Left
DI¥: 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. After you specify the above data, execute the command by writ-
ing.;ml 1100008B into the CMR(R#46:Command register).

3. 'While Ehecking TR and CE in Status Register 542, send the
second byte and all bytes following into the CLR register.

a7
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4.1.2

k%36

R#37

E#38

R#239

E#40

R#41

R&42

E#43

R#4a4

R#45

Setting up the HMMC register

MsE 7 6

5 4

3 2

Dx7

DX4

DX3|Dx2

DX1|{DXO

0 |DX8

D¥7

DY4

DY3|DY2

DY1|D¥0

DY9|D¥Y8

NX 4

NX3| NX2

NX1|NX0

0 |NX8

KY4

NY3] NY2

NY1|NYO

NY9 | NYE

CR4

CR3|CR2

CR1 | CRO

X=2 N+l

CR7

CR4

CR3| CR2Z

CR1|CRO

X=4N

K=4N+1

K=4N+2

X=4N+3

CR7 | CRE

CRS |CR4

CR3|CR2

CR1

CRO

Cne dot

MXD| -

DIY |DIX
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LEB

DX
Basic
destination
point

DY

KX — HNumber of dotes
to transfer,
x-direction

RY — MNumber of dots

to transfer,
y-direction

CLR (G4, GB)

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

CLR (G5)

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

CLR (G7)

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

MsB 7 & 3 4 3 2

LEB

R# 46 1 1 1 1 = -

CMR

4.1.4 Flowchart of HMMC execution

HMMC START

[Setup MSX-VIDEO |
I

| Execute Command |

| Read Status Register #2]

Ho

Ne (TR=0)

End of Command?

Transmit Ready?

Yes (TR=1)

|pata Transmit |
]

Yes (CE=0)

HMHMC END
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4.2 YMMM (High-speed move VRAM to VRAM, y only)

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

Video or Expansion RAM

(DX, DY}

(DX, 5Y) —= DIX
KY

l DIY

4.2.1 YMMM Execution Order

l. 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: Basic y-coordinate of source point (0 to 1023}

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

*] MNote 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
DIY: Direction of scurce point from NY
0: Down
l: Up

2. Mfter you specify the above data, execute the command by
,.”myriting 111100008 into the CMR(R446:Command register).

‘3. The above procedure will execute the YMMM command in the MSX-
VIDEQ. While executing the YMMM 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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4.2.2

L#3d4

R#35

R#36

R#37

Rels
R#39

R#d2
R#43

R#435

4.2.3

R#46

Setting up the YMMM register

MsB 7 6 5 4 i 2 1 ]
EYT7|5Y6 | 5Y5(5Y4 | 5Y3|8Y2|5Y1) 5Y0

| ] 0 0 0 0 |5¥9)|5Y8
DX7|DX6|DX5 |DX4|DX3 |DX2|DX1|DX0

0 1] 0 0 0 0 0 |Dx&8
DY¥7|(DY6 |DYS|DY4 |D¥3 |DY2|DY1 |DYO

0 0 0 0 0 0 |DY9 |DY8

NYT7 | NY6 | NYS5 |NY4 |NY3 [NY2 | NY1 |NYOD

0 0 0 0 0 0 |NHY9 |NYH

a = JHXD| = |DIYDIX| - =

LSB
8Y —
Basgic transfer
point
DX —
DY Destination
transfer point
KY — Number of docts
to transfer,
y=direction
ARG — Argument register

Data transfer direction (x)

Data transfer direction (y)

Execution of YMMM Commands

HSE 7

&

5

4

3

2

1

1

1

0

61

Data destination select

LSB

CMR




V9938 MSX-VIDEDO USER'S MANUAL

4.3 HMMM (High-speed move VRAM to VRAM)

The HMMM command transfers data in a specified rectangular area from
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 byte, there
is a limitation, according to the display mode, on the value for x.

Video or Expansion RAM

(8X, 5Y)
f NX -+ DIX

(DX, DY)

4.3.1 HMMM Execution Order

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

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

MXD: Select destination memory
0: Video RAM

l: Expansion RAM

5X: Source point x-coordinate (0 to 511) *1
8Y: Source point y-coordinate (0 to 1023)

HX: 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 socurce point

0: Right

l: Left
PIY: Direction for NY from source point

0: Down

1: Up
DX: Basic x-coordinate of destination (D to 511) *1
DY: Basic y-coordinate of destinmation (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 85X, DX, and NX, are lost.

2. After you specify the above data, execute the command by writ-
ing 11 010000B into the CMR(R#46:Command register).
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3. The above procedure will execute the HMMM command in the MSX-
VIDEOD. While executing the HMMM 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.

4.3.2 Setting up the HMMM reg.ster
MSB 7 & 5 4 3 2 1 i} L5B
R#32 SX7|5X6|5X5| SX4| 5X3 | 5X2|5X1| 5X0
SX
E#33 0 0 0 0 0 0 0 |5XE
Basic transfer
point
R#34 SY7|5Y6|5Y5)|5Y4|5Y3| 5Y2|5Y1{SYO
sy
R#35 0 ] 0 0 0 0 |5Y9|5v8
E#36 DXT7|DX6|DXS|DX4|DX3|DX2|DX1|DXOD
DX
R#37 0 0 0 0 0 ] 0 |DXB
Destinaticon
transfer point
E#38 D¥7|DY6|DYS|DY4 |DYI|DY2|DY1|DYD
DY
R¥#39% a i} 0 0 0 0 |DY9|DY8
R#40 NET|RX6 | NAS | HX4 | NX3 | N2 | NX1) NXO
KX — Number of dotes

E#4l 0 0 1] 0 0 0 0 [HX8 to transfer,

¥=direction

R#42 KY7 | NY6 | HYS5| NY4 |[NY3 | NY2|NY1| NYO

KY — Number of dots

E#43 0 0 0 0 a 0 |NY9|NYSB 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
4.3.3 Executing the HMMM command
M5B 7 [ 5 4 3 2 1 0 LSB
R#46 1 1 o 1 - - - - CMR

63




VI938 MSX-VIDEQ USER'S MANUAL

4.4 HMMV (High-speed move VDP to VERAM)

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

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

Video or Expansicn RAM

(DX, DY)

=» DIX
NX MSX-
VIDEC

NY

DIY

4.4.1 HMMV Execution Order

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

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

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

DIX: Direction for NX from source point

0: Right
1: Left
LIY: Directicn for NY from source point
0: Down
1: Dp

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

*1 HNote 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

2. After you specify the above data, execute the command by writ-
ing 11 000000 into the CMR.

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

Etatus 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 ©Setting up the HMMV register

MSB 7 6 5 4 3 2 1 0
R#36 DX7|DX6 |DXS|DX4 [DX3|DX2|DX1|DX0
E#37 0 0 0 0 0 0 0 |Dx8
hiBﬂ DY7|DY&|DYS5S|DY4 |DY3|DY2|(DY1|DYO
E%#39 0 0 0 0 0 0 |DY9 |DYB
R&40 NXTINXG) NAS| NK4 NK2 | NX2 | KK] | EXO
E#41 0 a 1] 0 0 a 0 |uxs
Re42 NYT |NYG| NYE | NY4 |NY2 | NYZ|NY1|NYO
E#43 0 0 0 a 0 0 |NY9 |NYS
R#44 CR7 |CR6 | CR5 | CR4 |CR3 |CR2 |CR1 |CRO
K=2N =2 N+l

CR7 |CR&| CR5| CR4 |CR1 |CR2 |CR1 |CRO

X=4N K=dh+1l X=4N+2

K=4N+3

CRT |CR&| CR5| CR4 |CR3 |CR2 |CR1 |CRO

Cne dot

R&45 0 = |MED| - |DIY|DIX

4.4.3 Executing the HMMV command

Mz 7 6 3 4 3 2

Rt46 1 1 0 0 - =
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LSB
DX
Destnation
transfer point
DY
BX — Number of dots
to transfer,
kx-direction
BY — Number of dots

to transfer,
y=-direction

CLR (G4, GB) —|

(N=0,1,...127)
CLR (G5)

(M=0,1¢...127)

CLE (C7)

ARG

LsB

CMR

Data to
transfer

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

W R Bk T

AT
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4.5 "LMMC (Logical move CPU to VRAM)

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

VIDECQ.

Since the data to be transferred is done in units of dots, logical
Cperations may be done on the destination points.

Video or Expansion RAM

(DX, DY)
— DIX
NX MSX- CEU
NY . VIDED| «—
} pry

4.5.1

LMMC Execution Order

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

MED: CSelect 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 to 511)
NY: Dots to move in y-direction (0 to 1023)

DIX: Direction for NX from x-coordinate of destination

0: FRight
l: Left
LIY: Directicn 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 inte the higher four bits of the command register

(CMR), and place the logical creration cede in the lower four
bits of CMR.

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

R#36

R#37

E&3B

R#39

R&40

R#4l

Red2
F#43

Rtdq

R&45

4.5.3

R#46

Setting up the LMMC register

MSB

MSB

7 6 5 4 k! 2 1 0 LSB
DX7IDX6|DES|DXE4|DX3|DX2|DX1|DXO
DX
] 0 0 0 ] 0 0 |DXB Basic
destination
point
DY¥T7|DY6|DYS|DY4|CY3|DY2|DY1|DYO
DY
1] 0 ] 1] a 0 |DYS|DYE
WXT | NXG | NXS | NA4 | NX3 | NX2| NX1| MX0
HX — HNumber of dots
0 0 0 0 0 0 0 | NX8 to transfer,
#-direction
NY7 | NYE | NYS | NY4 |NY3 | NY2| HY1| NYOD
EY — Humber of dots
0 0 0 1] 0 0 |NY9|MYB to transfer,
y=cdirection
- - = - |CR3 |CR2Z|CR1|CRO CLR (G4, GB) —
= - - - - = |CRl |CRO CLR (G5} Cata to
transfer
CR7 |CRé |CRS |CR4 [CR3 |CR2 | CR1 [CRO CLE (G7) ———
0 = |MED| - |DIY|DIX] - = ARG
Data transfer direction (x)
Data transfer direction (y)
Data destinaticn select
Execution of LMMC commands
7 6 5 4 3 2 1 0 LSB
1 0 1 1l JLO3|LOZ2|LOL|LOO| CME
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4.5.4

Flowchart of

LMMC execution

| Setup MSX-VIDEO |

[ Execute Command |

|Reac Status Register #2]

Ho (CE=1)

Ho

[(TR=0D)

Transmit Ready?

Yes (TR=1)

[Transmit Data]
]

68

Yes (CE=Q0)
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L]

4.6 LMCM (Logical move VRAM to CPUD

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

The data is transferred in units of dots,

Video or Expansion RAM

(5X, 8Y)
—+ DIX
KX MS¥- CFU
NY * |VIDEO|——
; DIY

4.6.1 LMCM Execution Order

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

MXS: Select source memory
0: Wvideo RAM
1: Expansion RAM

8X: Basic x-coordinate of source point (0 to 511)
EY: Basic y-coordinate of source peint (0 te 1023)

NX: 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: Directicn for NX from x-coordinate of source point

0: Right
l: Left
DI¥: Direction for NY from y-coordinate of source point
0: Down
31 - Up
~—_ 2. MAfter you specify the above data, execute the command by writ-

~ ing 1 01 00 00 0B into the CMR.

3. While checking TR and CE in Status Register S#2, read Status
Register 5#7.
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4.6.2 BSetting up the LMCM register

MSB 7 & 3 4 3 2 1 ] LSB

R#32 EX7 |5K6 |SX5 |5¥4 [5X3|5x2 |sX1 |sx0
EX
FE313 { 0 0 0 0 0 0 |5x8 Basgic
scurce
point
E®%34 5Y7 |5Y6 |5Y5[(5Y4 |sY3|s5¥2|s5Y1|5Y0
5Y
E#35 0 0 0 0 0 0 |5Y9 |5YE
R# 40 NXT |NX6 |NX5 |NX4 | NX3 |NX2 |NX1|NXD
KX — Number of dots
R#41 1] 0 1] 0 0 0 0 |NXB to transfer,
¥=direction
R#42 KY7 |NY6 [NYS |NY4 |NY3 |NY2Z |HY1 | NYO
KY =— Number of dots
R#43 0 i 0 0 0 0 |wY9|NYE to transfer,
y-direction
R&45 ] - - |MXS |DIY|DIX| - - ARG

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

4.6.3 Execution of LMCM commands

MSB 7 6 5 4 3 2 1 0 LSe

E#de 1 1] 1 0 - = - = CMR

547 0 0 0 PR3 C2 ) | Ch Status Register S#7 {645}
G

5%#7 0 | 0 0 0 i} Q |Cl1l |cCo Status Register S5#7 (G5)

547 c7 |CE C5 |C4 Jc3 |c2 '|el [cao 1 Status Register S#7 (G7)
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4.6.4 Flowchart of LMCM execution

LMCM START

| Setup MSX-VIDEO |
I

| Execute Command |
|

l
[Read status Register #2]

Yes (TR=1)}

| Read Status Register #7 |
|1

Command End?

No (CE = 1)

Yes (CE = 0}

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.

Tl

i BT R

il e O
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4.7 LMMM (Logical move VRAM to VERAM)

The LMMM command transfers data in a specified rectangular areaz from
the VRAM 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

(8%, 5Y)

X - DIX
NY =

} pry
(DX, DY)

Y

4.7.1 LMFM Execution Order

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

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

MXD: Select destination memory

0: Video RAM
l: Expansion RAM

5X: Source point x-coordinate (0 to 511)
SY: Source point y-coordinate (0 to 1023}
MKz Dots to move in x-direction (0 to 511)
NY: Dots to move in y-direction (0 teo 1023)
DIX: Direction for KX from source point
0: Right
l: Left
CIY: Direction for NY from source point
0: Down .
l: Up ’
DX Basic x-coordinate of destination (0 te 511)
DY : Basic y-coordinate of destination (0 te 1023)

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

12
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3. The above procedure will execute the LMMM command in the MS¥-
VIDEOD. While executing the LMMM command, the CE bit of the
status register (S#2) will be set to 1, and whern the command is
complete, it will be reset to 0,

4.7.2 BSetting up the LMMM register
MSB 7 & 5 4 3 2 1 0 Lse
R#32 SK7|SX6|SX5|sXd|SK3|s%2|sx1]sx0
SX —
R#33 0 o 0 0 0 0 0 |SxB
Basic trensfer
point
R#34 SY7|5Y6|5Y5|SY4|5y3|sy2z|syl|syo
sy —
R#35 0 0 o 0 0 0 |sY9|sve
R#36 DX7|DX6 |DX5|DX4|DX3|DX2|DX1|DX0
DX
R#37 0 0 0 0 0 0 0 |Dx8
Destination
transfer point
kE#38 DY7|DY6 |DY5|DY4 |DY2 |DY2|DY1|DYOQ
DY
R#39 0 0 0 0 0 0 |DY9|D¥8
R&#40 NX7 |NX6 | NX5|NX4| NA3 | Nx2 | Nx1|Mx0
KX — MNumber of dots

E#41 0 0 0 0 0 0 0 |EX8 to transfer,

¥-direction

R#42 NY7 [NY6 | NY5 | NYd | NY3 | NY2 | NY1 |NYOQ

HY — Number of dots

R#43 0 0 0 0 0 0 |NY9 |NYB to transfer,

y=direction

R#45 1] = |MED|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
MSE 7 6 5 4 3 2 1 0 LsB
R# 46 1 0 0 1 |LO3|LO2 |LOl [LOO| CMR

Logical operation
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LMMV {Logical move VDP to VERAM)

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

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

Video or Expansion RAM

(DX, DY)
- DIX
NX MSX-
NY € VIDEC
l DIY

4.8.1
1.

LMMV Execution Order

First,

MXD :

MX:
NY:

DIX:

CIY:

DX
DY:

CLR:

the Video

ocperation

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

Select destination memory
0: WVideo RAM
l: Expansion RAM

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

Direction for NX from source point
0: Right

l: Left

Direction for KY from source point
0: Down

l: Up

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

Color code data

After you specify the above data, execute the command. Write 1

00 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-
While executing the LMMV 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 teo 0.

VIDEO.
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4.8.2

4.

R#36
R#37

R&38

R#39

R#40

E#4l

Re#42

F#43

Réd4

R#45

8.3

R#d6

Setting up the LMMV register

MSE 7 6 5 4 3 2 1 0 LSB
DX7|DX6 |DXS|DX4|DX3|DX2|DX1|DX0
DX
0 0 0 0 1] 1] 0 |DXg
Destination
transfer point
DY7|DY6|DY5|DY4|DY3|DY2|DY1|DYO
DY
0 0 0 0 1] 0 |DY9|DYE
MXT | X6 | NXS | MX4 ] NX3 | NX2 |NX1|NXO
hX — Number of dote
0 0 0 0 0 0 0 |NXE to transfer,
Xx-direction
WY7|NY6 | NY5 | Nyd | Ny3 | ny2 Nyl |Nvo
RY — Number of dots
(1] ] o 0 0 0 |NY9|NYB to transfer,
y-direction
0 0 0 0 |C3. |C2 |Cl |cCD CLE (G4, G6) =—
0 0 0 i 0 0 |1l |co CLER (G5) + Data to
transfer
C? |C6 |C5 |C4 |C3 |C2 |C1 |co CLE (G7) ——d
- - IMXD] - |DIY|DIX| - oy ARG

Executing the LMMV command

M5B

7

6

5

4

3

2 1

0

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

L5B

1

0

0

0

LO3

Loz Lol

LOO| CMR

L5

Logical operation
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4.9

LINE

The LINE command draws & straight line in the Video or Expansion RAM.

The line drawn is the hypoteruse that results after the long and sheort

sides

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

distances from a single point.

4.9.1

Video or Expansion RAM

] DIY

(DX, DY} £-——m—=ni N
Maj DIX

LIKE Execution Order

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

MXD: Select destinaticon memory
0: WVideo RAM
1: Expansion RAM

Faj: HNumber of dots in long side (0 to 1023)
Min: HNumber of dote in short side (0 to 511}

MAJ: Directicon 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 to end point

0: Right
l: Left
DIY: Direction from source point to end point
0: Down
1: Up
DX : Basic x-coordinate (D to 511)

DY: Basic y-coordinate (0 to 1023)

After you specify the above data, execute the command. Write 0
1118 inte 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-

VIDEO. While executing the LIMNE 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
E#37

R&#38

E#39

R#40

E#4l

R&42
R#d3

R&#44

R#45

4.9.3

R&#46

Setting up the LINE register

MsB 7 ] 5 4 3 2 1 a
DX7|DX6|DX5|DX4|DX3|DX2|DXL1|DX0
0 0 0 0 0 0 0 |Dxs8
DY7|DY6|DYS5|DY4 |DY3|DYZ|DY1l|DYD
0 0 0 0 0 0 |DY9|DY8
MI7 |MJ6 |MI5 |MT4 |MJ3 |MI2|MI1|MJIO
0 o 0 0 0 0 |MI9|MIB
MI7|MI6|MIS|MI4 |MI3|MIZ|[MI1|MIO
0 0 0 a 0 0 0 |MIB
0 0 0 0 |C3 |c2 |c1 |co
o 0 0 0 0 0 |C1 |CO
C7 |C6 [C5 |C4 |C3 |c2 |Cl1 |cO
0 - |MXD| - |DIY|DIX| - |MAJ

it

Executing the LINE command

MsB 7

&

5

4

3

2

0

1

1

1

LO3

Loz

Lol

Lo

LB

DX

Basic point

oY

Kaj (HX)} -Kumber of dots
in long side

Min (KY)} -Number of dots
in short side

CLR (Cc4, GB) —

CLR (G3) Lata to

transfer

CLR (G7) ———

ARG

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

L5B

CMR

77
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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

(SX, 8Y) DIX

Border
Color Point

4.10.1 SRCH Execution Order

l. First, set the neceessary parameters in the command register of
the MSX-VIDEOD.

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

DIX: Direction from source point to search

0: Right
1: 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.

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

CLR: Color 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-
VIDED. While executing the BSRCH 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. 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 & 5 4 3 2 1 0 LSB

L#32 SK7| Sx6 |SX5|5K4| 5X3| 5%2| Sx1] sx0
SX
R#33 0 0 0 0 ] 0 0 |5x8
Basic point
for search
R#34 EY7| S¥6 | SY5|S5Y4| SYI| S¥2| SY¥Y1| S¥0
8Y
R#35 0 0 1] 0 0 0 | 8Y9|s5Y8
REd4 0 0 0 0 |C3 |C2 |C1 |CO CLR (G4, GB) —
Border
0 Q 0 0 0 0 |cl |co CLR (G5) tcolor for
search

C7 |C6 |C5 [C4 |C3 JC2 [C1 |CO CLR (G7)

R#45 - = |MED| = = |DIX|EQ s ARG

Command end condition
Search direction (x)

Search memory select

4.10.3 Executing the SRCH command

MSB 7 & 3 4 3 2 1 0 LSB

R#46 0 1 1 o P - = = CMR

Status registers

542 = B - |BD | - e - |CE

lh— Set to 0 at end of command
Set to 1 if border color

ieg found
S48 BX7 |BX6 |BX5 |BX4 |BX3 |BEX2 |BX]1 |BXO Location where border
celor was found
549 1 1 1 1 1 1 1 |Bxs {x-coordinate)
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4.10.4 Flowchart of SECH execution

[ Setup MSX-VIDEO |

I
| Execute Command |

if_.
|Read Status Register #2]

End of Command?

Yes (CE=0Q)

=_bBorder color found?

Yes (BD=1)

[Read Status register #6|

I
[ Read Status Register #9]

|

No (CE=1}

Ko (BD=0)
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4.11 PSET
The PSET command draws a dot in the Video or Expansion RAM.

A logical cperation is done on the data of a dot that is already
displayed.

Video or Expansion RAM

(DX, DY)

4.11.1 PSET Execution Order

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

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

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

2. 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.

3. The above procedure will execute the PSET command in the MSX-
VIDEO. While executing the PSET 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.

a1
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4.11.2 Setting up the PSET register

MSB ,7 €6 S5 4 3 2 1 0 LSB

Rt36 DX7|DX6|DES|DX4 |DX3|DX2|DXL|DXD

DX
R#37 0 0 0 0 0 1] 0 |Dxa
R#38 DY7|DY6|DYS|DY4 |DY3 |DY2|DY1|DYO

oY
E#39 0 0 0 0 0 0 |DY9|DYR
R#44 0 0 0 D |C3 |c2 |€1:|ch CLR

R#45 0 = |MED| - |- - = = = ARG

4.11.3 Executing the PSET command

MSB 7 6 5 4 £ 2 1 0 LsB

R#4d6 1] 1 0 1 |LO3|LO2 |LO1|LOO| CMR

82

[+ 0 0 0 0 a €1 |co CLR

C? |€& |C5 JCa [C3 JC2 |21 |co CLR

Basic point

(G4, GB)—

(G5) —

—PEET data

(C7) =—

Memory select

Logical operation
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4.12 POIKT
The POINT command draws a dot of the color specified in the Video or
Expansion RAM.
Video or Expansion RAM
(5K, 5Y)
4.12.1 POINT Execution Crder
1. First, set the necessary parameters in the command register of

the MSX-VIDEQO.

MXS: Select memory
0: WVideo EAM
1l: Expansion RAM

5X: x-coordinate of dot (0 to 511
5Y¥: y-coordinate of dot (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-
VIDEOD. While executing the POINT 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 tc 0. The color 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 |5X6 |SK5|5%X4 [SX3 |5X2 |SX1 |SX0 o
R#33 DjoO]aO 0|0 0 | 0 |SX8
Basic point

R#34 S¥7 |5Y6 |SY5 |SY4 |5¥3 |8¥2 |5Y1 |SY0 o

R#35 1 B ) 0|0 0 |sY9 |5Y8

R#45 bl (e W 3 R ] N ARG

Memory select

B3
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4.12.3 Executing the POINT command
MEB 7 1 5 4 3 2 1 0 LSB
ntde o 1 0 0 = - - - CHE
Status registers
542 -l -1-1-1-1-1-|ce
Set to 0 at end of
command
S#7 0 1] 0 0 |c3 jc2 {c1 |co Color code (G4, GB)
S#7 a 0 0 0 0 0 |Cl |€D | Color code (G5)
587 C7 |Cé |C5 |C4 |C3 |C2 |Cl |CD ] Color code (G7)
5. Speeding up the processing of commands
The processing of commands can be speeded up by the following two
methods.
5.1 1Inhibit 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.
5.2 Inhibit the screen display

If bit 6 of Register R#l (BL) is set toc 0, processing for

can

is faster.
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6. Conditions 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.

58X 8Y ()4 DY NX KY | CLR |CMR H|CLR L| ARG
HMMC & = = b = # = 0 - =
YMMM e * . & & # = ] = -
HMMM - * - * - # - 0 - -
HMMV - - - * - 5 - 0 - -
LMKC = = = K 5 j = 0 - -
LMCH = e = = § * o - -
LMMM = % 2 ' = # - 0 - -
LMMV - = - * - # - 0 - -
LINE = = = o - - - o - -
SRCH - - - - - = - C - -
FSET - - = - N - - o - -
FOINT - - - - - - * 0 - -
- Unchanged

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

Note: The values for S5Y*, DY* and NYB are the dots, as substituted
for N in the eguations below.

S¥* = 8Y + N DY*
S¥* = §5Y - N DY *

DY + N (DIY
DY - N (DIY

o)
1]

nuw

NYB = NY - N

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

The MSX-VIDEO 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 sprite 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) *
(K, ¥) 4
Sprite
CRT area displayed T
Sprite
(0,191} v (255,191)
or or
(0;2111 s e T t255r211}
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
is auteomatically selected according to the screen display mode.

SPRITE MODE 1: GRAPHIC 1, GRAPHIC 2, MULTICOLOR

SPRITE MODE 2: GRAPHIC 3, GRAPHIC 4, GRAPHIC 5,
GRAPHIC 6, GRAFHIC 7
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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 pricrity
are displayed, and the overlapping portions of sprites with lower
pricorities are not displayed.

t1 o [ [es] o
$2 e 46
i

e e 0 o (Cl'r'-"'r
[PELY LN (?l“w j.“""f" ' ﬂ;-hf_ [PE

When two sprites collide (their pattern color 1 portions have
overlapped), this condition may be detected since bit 5 of status
register S#0 is set to 1.

In addition, if there are five or more sprites on one horizontal line,
bit 6 of status register S#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

81 = 0: 8 x B8 dots

0

S
-

= Sprite magnificatien R#l bit
MAG = 1
MAG = D0

Double-size
Hormal

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

= Betting 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).

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.

a7
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MSBE 7 [ 5 4 k. 2 1 0 LEB
T Ll T L] T T ]
Y-coordinate (0 to 255) - Sprite attribute takle
+ . - + t i - base address
K-caorqinate (0 to 255)

Pattern number (0 to

255) — Attribute area for
4 sprite #0

Ec | 0| o] o] coler code -

Attribute area for
sprite #1

— 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 to 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 8 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 coler 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. In 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
ECreen. '
i
i
:
Ll

Left edge of CRT
— 32 dotg —

Sprite

B8
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l.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
Table Base Address Register!.

Generator
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 8 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 Address

— Pattern #0

— Pattern #1

Pattern #255 (Maximum)

B9
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1.5 Example of Data Setting for Sprite Pattern Generator
Table (Gl, G2, MC)

{X=1, 0=0} N=0, 1, + « . , 255
(Pattern Mame Takle Base Address for N=0)

FEB LEB
76543210 Address Example of 16 x 16 Sprite
0D0OODO0Y 8N
COO00XEY 8N+l CCOC000RX0000000
QOOXNNEKX . QO0OOX XXX XXO0000
O000XXX0 . Pattern number 0O COOXXEAXRXEXXO00
QOOOXX0OX . COOOXER00 XK X0000
COO0XX0X . COOOXEO X XOXXCO00
COOOXXXD % CO00XEOXXONZO000
COOXXXXX BN+7 CO0OXXXOOXXXO000

OOOXENEXXNNRNKOOD
QOXEXXXX QOXXXEXX XXX AN XO0
OXXXXXXX . OEXEAEEEE XN EE LD
EXAXXXXX KEXXEKEE NN R Y
KAXXXXXX Pattern number 1 EXAXEEUAAAXXNKRR
OQOXXXX00 QOXXXXO000XXXX00
000XX000 COOXX000000XX000
00000000 COQ0000000000000
00000000 00000000000 00000
X0000000
X¥X00000
XXXXN000
CXXX0000 Pattern number 2 #0 #2
KOXX0000
KOXX0000 $1 $#3
OXXXC0000
KXXXX000
KEXXXX00
KEXXXXXO
KAEEXEHA
AEXHXAHY Pattern number 3
COXXXX00
QOOXX000
0O000000
Oo000000

= 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, EPRITE MODE 2 (G3, G4, G5, CG6, GT)
2.1 Characteristids of SFRITE MODE 2

In SPRITE MCDE %, 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 Tpriority

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

#0 #1 . 4 #5 #6 |#B
#2

#3 87 "“IHI

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
statug registers S5#3 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 te 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 ©C bit of the
attribute table, and if sprites overlap, a logical OR may be done con
the colors of the sprite. In other words, in SPRITE MODE 1, while
only two colors may be displayed, in SPRITE MODE 2, four colors may be

displayed.
2.2 SPRITE MODE 2 display (G3, G4, G5, G6, G7)

To display sprites, use the following controls.

- Bprite size Rel bit 1

Sl =1: 16 x 16 dots
EI = Q: 8 x 8 dots
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- Sprite magnification R#l bit 0

MAG = 1: Double-size
MAG = 0: Normal

= Bprite display R#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

16

3z

496

512

The

Felationships between the VRAM Tables (G3,G4,G5,G6,G7)
Sprite Sprite Sprite Pattern
Color Table Attribute Table Generator Table
Base
#0 (4 bytes) Address Pattern #0
#0 4 (8 bytes)
(16 bytes) #1 (4 bytes) 8
B All possible Pattern #1
= . combinations (8 bytes)
. . 16
. . Pattern-#2
. . (8 bytes)
g1 . . 24
(16 bytes) . . . .
#31
(16 bytes) 2040
124 Pattern #255
#31 (4 bytes) (8 bytes)
128 2048

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

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 7 & 5 4 3 2 1 0 LSB

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

X-coordinate (0 to 255)

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

Feserved —

=r— Attribute area for
sprite #1

— Attribute area for
sprite #31

= ¥-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 te 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,

¥ou may specify any one of the four sprite pattern numbers,

In the above manner, if all sprites are 8 x B, there will be 25§

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 [Alafjar3]arz2far1]arofas 11| s
Fa
R#11 LoJoJoJoJofoTJas[ais] ba

rte attribute table

address register

r .--/s v
| mes{ c)_:.-é!‘ hﬁq" 4 o‘i\amu[“h
Pft e
Spirlen (2 (g AEARAPIPITS
L%
/?}dml - s 93
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2.5 GSprite Pattern Generator Table (G3,G4,G5,G6,G7)

The Sprite Pattern Generator Table i= 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
236 patterns are assigned a sprite pattern number from #0 to #255; if
the sprite size is B x 8 dots, each sprite has cne pattern, and if the
sprite size is 16 x 16 dots, each sprite has four patterns.

VRAM
-— 1 byte —=

— Sprite Pattern Generator Table
Bage Address

— Pattern #0

— Pattern #1

Pattern #255 (Maximum)
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2.6 Sprite 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 enabled.

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

address of the Sprite Attribute Table. ﬁ{kbh!.’“’%ﬂ‘e“""h“’\ (PN Z_ [C*

MSE 7 ] 5 4 3 2 1l 0 LSB
T T T —
| EC |CC JIC 0 Color code Line 1
1 EC |CC |JIC 0 Color code Line 2
W . — Color Table
: i . for Sprite #0
15 EC |CC |IC o Color code Line 16
T T T —
496 EC |CC |IC ¢ Color code Line 1
497 EC |CC |IC 0 Color code Line 2
L . . — Color Table
. for Sprite #31
T L L
511 EC |CC |IC i Color code Line l6&

Sprite Attribute Table Base

Address

Sprite Color Code (0 to 153)

for each line

Collision Detect 1l=No 0O=Yes

Priority Enable 1l=Ko (0(=Yes

Display 32-dot shift left
1=Yes 0O=No
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2.7 About the Sprite Priority Order

In SPRITE MCDE 2, if the CC bit of the Coler Table is set to 1, the
sprite pricority order is cancelled.

In the above manner, the portions 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
linre, the ninth sprite and above will not be displayed as explained
earlier.

Sprite #X-1

! i Sprite #X-1 Sprite #X
! ! —————— P —————— '
:' | : : .' :

: : | : : :
""ll'l'll“‘!"!lliilﬂii---!-l I Y 'Il"!'l:-l‘ L I ) |£-l-liii'--
CC=All 0 AP i ey g
e s s s e 4 L ——— o&
CC=All 1 cc=a11 1

For the portions of the sprite in which CC i= 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

E MSE LEE
Sprite #X 8 E (1 [OJOJo] Color codesg all 8
Lok
CC=all 0
peess
: 4 MSB LSB
Sprite #X+1 ! (0 1 JOT0] Color codes all 4
AP 4
CC=All1 1
ir ________ -,' MSB LSB
Sprite #X+2 | ] 0 JoJ1J0] Color codes all 2
! 2
CC=All 1
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Example of overlapping the above sprites

12) 4
4
14 &
8 8
10 2 2
In SPRITE MODE 2 In SPRITE MODE 1
-No collision =Collision detection
detection

2.8 ©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. This bit is reset te 0 when S#0
is read.

MSB 7 ] 5 4 3 2 1 0 LsB

S#0 C

If a sprite collision occurs and neither the mouse flag (MO} nor the
light pen flag (LP) of register R#8 are set, status registers S#3 to
S¢#6 will be set to the coordinates of the collision.

MsB 7 6 3 4 3 2 i 0 LSsB

543 X7 |X6 |X5 X4 |%3 X2 |%¥1 |X0

::}ﬂ-Collisiun k-cpordinate
5#4 1 1 1 1 1 1 1l Jxs
5%5 Y7 |Y6 |¥5 (¥4 Y3 |¥2 |¥1l |YO

]-—-Collisi on y-coordinate
St6 1 1 1 1 1 1l |Y9 |YB

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

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

X (584,543 Y (S5#6,5%5)
Collision coordinates

X=XC+12 Y=YC+B
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3. GSetting the Sprite Colors

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

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

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

Color code Green Red Elue
C31 c21 c11 co| G2l 611 co| R21 R1I RoO| B21 B1I BO
0. 00 -00l0 00kt 0 olo o ol OO
RRAET e | D 0" opeE 0D o0o|la 1 op| €@
el oent e 1 e o0 o
IR ) Rl e IR B IR ST G T B N | 0| OB
LT Y TR ) 188 M PR B 1 T R W o
0 1 0 1 |0 1)) prameehey 7. g \
0 1 1 olo 1.1 o paasEnEa 0 &
0 1 1 1710 31 10 SEEETieaieigc. p 6
1.0 0 01 0 of 1 Qoo g La D
1 0 ¢ 1]lo o o9|lo o of21 -1 1 ol
1 ¢ 1 oflo¢ o o]1 1 1o a o \C
1 o 1 1|¢ o o1 1 1190 CE
1 1 0 0|1 1 1|0 0 0fc 0o 0| EO
1 1 o 1|1 1 1]le o of|l1 1 1 e 3
1 1 1 o1 1 111 1 110 o o FC
1 1 1 1|12 1 1)1 1 1|1 1 1 EE

TP and Sprites

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

TP=0 Color code 0 will be treated as invisible.
Sprite color part 0 will not be displayed, and if sprites
ocverlap, a sprite ceollision 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 function of the MSX-VIDEC below. To use

the light pen, set bit 7 of register R#8 to 0 and bit 6 to 1.

M5B 7 € 5 o 3 2 1 0 LsB

R&E M5 |LP |TF |CB [VR ¢ |SPD|BW Mode recister 2

L 1 Licht pen enable
0 Mouse disable

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

MSB 7 6 5 4 3 2 1 0 LSB

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

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

The coordinates at which the light pen detected light will be set |in
status registers 5#3 to G5#6. The data set in these registers arc
correct as long as status register S#5 is not read.

MSB 7 & 5 4 k| 2 1 0 LSB

543 X7 |X6 |x5 |X4 |X3 |X2 |X1 |X0 | Column register low
5S¢4 1 1 1 1 1 1 1 [X8 Column register high
545 ¥7 |¥6 |¥Y5 [¥4 [¥3 [¥2 |¥1l (YO Fow recister low

5§6 1 1 1 1 1 1 |Y9 |¥8 Fow register high

L This bit shows the FIELD
number when read.

0: 1=t field 1: - 2nd field
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Flowchart of using light pen to detect coordinates

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

_|Flash Detect

| Read status register #1 ]

lash detected?

Ho (FL=0)
Yes (FL=1)

| Read status register #3 ]
|

' |Read status register #4|
|

Reac status register 6|
I
| Reac status register 5|
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2. Mouse

We will explain the mouse function of the MSX-VIDEOD below. Because
the mouse uses the Color Bus of the MSX-VIDECQ, when you use the mouse,

you cannot use the MSX-VIDEO Celor Bus for any other purpose. To

Uuse
the mouse, set bit 7 of register R#8 to 1 and bit 6 te 0.

Mseg 7 & 5 4 3 2 1 0 LSB

k%8 ¥s |LP |TF |CB |VR 0 |SPD|BW Mode register 2

E

When bit 7 of recister R#8 is set to 1, the direction of the Color Bus
is automatically changed to input.

0 Light pen disable
1 Mouse enable

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

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

MSB 7 6 5 4 3 2 1 0 LSB

S8l FL |LPS|-Identification # =|FH Status register 1

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

The relative coordinates of the mouse's movement are set

ag two's
complement data in status registers S5#3 and S#5.
MSE 7 6 5 4 3 2 1 0 LEE
543 X7 |X6 |X5 |X4 |X3 |X2 |X1 (X0 Column register low

C#5 Y7 |¥e |¥YS |¥Y4 |¥3 |¥2 ¥l [¥0O Row register low

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

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

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

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

GRAPHIC 4 and GRAPHIC 6 and
GRAPHIC 5 modes GRAPHIC 7 modes
PAGE 0
:I BAGE O
FAGE 1
PAGE 2
<17 2hc 1
PAGE 3

1.1 How to use register R#l3

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

= Bpecify 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
€isplayed) in register R4#13.

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

MSB 7 ] 5 4 3 2 1 0 LSB

REl3 ON3 |ONZ |CN1 |OND |OF3 |CF2 |CFLl |OF0| Blinking Period register

CN time OFF time

lo2
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1.2 How to use the EO bit

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

- Set the odd page in the Pattern Name Table Base Address
(register R#2).

- Set bit 2 of recgister R#9 to 1.
MSE 7 6 5 4 3 2 1 0 LSB

R&9 ED Mode register 3

2. Interlace display

The MSX-VIDEO hac an interlace display funection.

2.1 Displaying the first and second fields on the same page

- Set 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 zecond field

- Set the IL bit, bit 3 of register R#9, to 1.
Set the ECQ 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 GEMLOCK method

The GENLOCK method detects the phase differnce between the HSYNC

output signal of the MSX-VIDEO and an external HSYNC signal and feeds
1t back te the system clock.

A=A -VIDED

X { = CSYNC O
L= X [0 | < - )
V-RESETIN [ L I <} vsvxe
| | L
| A —
e
4 T
HSYXC  OUT s hA ‘i/ 1 :l:.l.;lh'l.l-:'llll-' — s N Y
H-RESET IX | P~ i .
. B -
' Xtall | s |
T T L LI vn
al & ok - vy
B PRI | ? ol |

3.2 Choosing the synchronization mode

The S1 and S0 bits, bits 4 and 5 of register R&9, are used to set the
synchronization mode of the MSX-VIDEO.

MSBp 7 6 5 4 3 2 1 0 L&SB

R#9 s1 |so Mode register 3

51 150 Sync mode *Ysg Purpose

0 0 PC SYNC Selects Normal Display the MSX-VIDEQ
MEX-VIDED (0) ECreen

0 1 5TD SYNC Appears for transparent | Superimpose, digitize,
parts etec.

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

11 - -- -
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4. Superimpose

The MSX-VIDEO can originate a switch signal (*Ys) for superimposing an
external video signal and the output of the MSX-VIDEO.

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

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

I i
SN -V I || I
e N B

I = _...4 B e ™

iy --! ;) Huternal BOE loput

i | -——

L =% 1
s
VI ——'ﬂl AW e External Video Input

| L__"T___

Wihewe Chitpan

*¥s selects the external video signal when scanning the transparent
portion of the MSX-VIDEO screen.
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5. Digitize

The MSX-VIDEC has a function to read external data over the color

function

into the VERAM.

- The digitize function is available in GRAPHIC 4 to GRAFHIC

only.

- When using a digitizer, the MSX-VIDEO must be synchronized with

external signal as necessary.

| DL LR

Digitize Block Diagram (GRAPHIC 7 mode)
SN VTR

ihit A 1

)

T
—{ 1w

Ll

]
CHIMET

L e ——

Lireen Amabigr ingsur

Red Analog input

Blue Analog mput

MEX-VIDELD

Ci
Ch
C3
Ci

111

Ihit A D

C3

(L]

Digitize Block Diagram (GRAPHIC 4 mode)

Video Analog input

Lo

18]

Cl

4}

C

OF }‘
CBDIR

DLCLK

(1]

e

CLOCK

106

7

bus

modes

the
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Digitize Block Diagram (GRAFHIC 6 mode)

MSX-VIDED LATUH AD
3 | P
el b ¥ ITE
| i
o6 s MY input
Lo 1 = M
Cip—— [Hi

3 +
> ,__ l_[>.,:I‘_
L] =

| ———
ol OE CRET | I
- m

, D1
| Iy
CBDIR | |

DLCLK p— 4

Digitize Block Diagram (GRAPHIC 5 mode)

MSX-VIDEQ AD
Ci n: i
i B o VITFED ingout
Cif— . b 1]

. LA
Cil— TCH i =
[
(e
Clls |
DE CK [T Pri
—m
5]
CHDIR 7
DLCLE

1407
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- Digitize control

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

PG from CPU e At ] 1L |

VEYNC | ] |

Digitize [ | J | I

= Buccessive reads into the first and second fields

DG from CPU | ]

E 0 E 0 E 0 E
VSYNC I | I 1% I L ]
FLAME | | | |
Digitize | Even | 0dad |

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.

MSB 7 6 5 4 < 2 1l 0 LSB

R&7 M7 |M6 |M5 |M4 [M3 |M2 |M1 |MO

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

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

GRAPHIC 6 MODE M3 M2 M1 MO M3 M2 M1l MO
GRAFPHIC 7 MODE M7 M6 M5 M4 M3 M2 M1 MO

lo8
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6. Color bus

The color bus of the MSX-VIDEC is controlled by the MS, DG, and
bits. The bits and the data flow will be illustrated below.

6.1 Normal display

Lok 1iabalee —— ],
& ———— [ n "
DA COXVERTER — s

3

| xm|sLF_______ L o
' | LOK:IL ] rI,

; M —— ] VRAM
e = il e 4 I | ="
6.2 Mouse
R .. y ! i
i —— — ; MS L DE LR
‘ Lassk wp talales T LT
| & il | X LY
| DA COSVERTER e i de S0 V8
| - . |_ i :
i |MOUSE———- - e
N T H - - | Mouse
[ i 5
: ‘ i VRAM
. H

109
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6.3 Displaying external signals

| — : ME I OB
| Lowsk uge talde =i
& — [T i 1
. D A CONVERTER —= D
| E i
A 5 1 5
bO[AOLSE . g
LML e—— | CopceTter e

i VIRAM

|
I
6.4 Digitize
- ' b1 1
Limik up table  |f—a S [ rT R

& ——t(; i 1 X

[siovse

Vo Tamall p— ) COAVETTRT L.
. E
t ——— VRAM
| :

110
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1. MSX-VIDEOD
1-1 Overview

V99318 (MSX-VIDEQ)
Flastic package

is a N-channel Silicon Gate MOS, 64-pin shrink DIL
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 1l6K- to IEBK-b{te video memor
bi

= May be used with 16K x

bit DRAMs

t, 16K x 4 Eitr 64K x 1 bit, and 64K x 4

= DEAM 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

- MAddresses may be specified by coordinates
- External synchronization possible

- Superimpose possible

- Digitization possible

= Multi-MSX-VIDEC architecture possible

- External color palette by using color bus

Hote: In this manual, negative logic will be indicated by an asterisk
preceding the signal names.
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MSX-VIDEOQ 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
CDhO LsB 40 I/0 - CPU data bus
CD1 39 I/0 VS a
CD2 3g | 1/0 o | I
CD3 37 1/0 izen S 6 | o]
CD4 36 | 1/0 L S &) B
CDs 35 I/0 HSTSC 5 | E%
CD6 34 | 1/0 o | § ¥ |
CD7 MSB 3z | /0 | - ﬁﬁﬁ : AR
HMODE 0 29 I = CPU interface mode B w B oA
MODE 1 28 1 - select - g 0«
*CSR 31 1 CPU-MSX-VIDED read strobe @ |1 21 s
*CSW 30 1 CPU-MEX-VIDEQ write strche o | 15 W oan
RDO LSB 41 | I/0 | - VRAM data bus 21k 8w
RD1 42 |'1/0 ¢ | ) e
RD2 43 | 1/0 e e | B 8l W
RD3 44 | 1/0 i 1 g "ok
RD4 45 1/0 i = 2 Wi
RD5 46 | 1/0 o | % Wl &
RD6G 47 I/0 = ool
RD7 MSB 48 | 170 | - mﬁ % AT
ADD LSB 49 o - VRAM address bus e | 5 oo
AD1 50 (o] = k]l u co f
AD2 51 o an k -} n vl
AD3 52 0 - ]
AD4 53 o
ADS 54 (8]
ADG 55 (4]
ADT MSB 56 0 =
*RAS 62 o VRAM row address strobe
*CAS0 61 (] VRAM column address strobe 0 (VRAM first half)
*CAS] 60 o VRAM column address strobe 1 (VRAM second half)
*CASK 59 (o] VERAM column address strobe X (Expansion VRAM)
RS/ *W 57 (o] VRAM write strobe
DS 4 0 VRAM data select

*VDS = Low: Access to VRAM is for display data

*WDS = High:Access to VRAM is for

i other than the above

VIDEO 21 C Composite video signal output
G 22 0 - Linear RGB signal output
R 23 o
B 24 o E
*¥5 10 o Signal to switch between MSX-VIDEO RGE output and

external video signal (When superimposing)

*YS = High: MSX-VIDEC cutput transparent

*¥S5 = Low: MSX-VIDEC output opague
ELEO 7 o Tri-level cutput (Open drain);

primary/secondary field and blanking interval
High: Secondary field, active

Middle: First field, active
Low: Blanking interwval
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HS¥NC

C5¥YNC

CBDR

C0 LsB
cl
c2
c3

c4

Cc6
C7 MsSB
*LES

*LED

*DHCLK
*DLCLK

ETAL 1

XTAL 2
CPUCLE
*INT

*RESET
vCC
GND
GND DAC
VEB

11

1%
1B
17
16
15
14
13

12
26

27

63
64
25

58

20
33

1/0

I/0

I/0
1/0
I/0
L/0
I/0
/0
L/0

1/0,
I

I1/0

oOoOW

OHH HH

Tri-level loagic;

upper levels (high to middle) for output,
lower levels (middle to low) for input
High: Mon-HSYNC, color burst pericd
Middle: HSYNC or non-coler burst periecd
Low : HEYNC input

Tri-level logic;

High: Composite SYNC output
Low: VEYNC input

Color bus direction

High: Input

Low : Output

= Color bus

Usually the color code is output;
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
- C6 = YA C7 = YB
Light pen or mouse SW input
Low: EW on

High: SW off
Light pen detection input or mouse SW input
Low: Light detected or SW on
High: Any other condition
Dot clock output for high resclution;
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
eéxternal oscillator

Outputs 1/6 of XTAL freguency

CPU interrupt output; open drain output
Low: interrupt

Initialize all MSX-VIDEO circuits

5V power supply

Ground 0OV

Ground 0OV

Back bias (Mo connection)

115




V9938 MSX-VIDEC Data Sheet

3. Electrical characteristics and timing chart

3-1 Absolute maximum ratings

Symbol Parameter Rating Unit
vCC Supply woltage -0.5 to +7.0 v
Vin Input wvoltage -0.5 to +7.0 v
Ts Storage temperature =50 to +125 T
To Operating temperature 0 te + 70 -

3-2 PRecommended operating conditions

Symbol Parameter Min. Ty p. Max. Unit
VCC Supply 'voltage 4.75 5.00 5.25 v
Vss Supply voltage a v
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 0.8 v
VIH 1 High-level input

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

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

input voltage (group 3) 3.5 ViCC v

Hotes:

Group 1l: *CSR, RDO to RD7, CO to C7, *LPS5, *LPD, *RESET, *DLCLK
Group 2; CDO to CD7, MODE O, MODE 1, *CSW

Group 3: XTAL 1, XTAL 2

The video signals are listed separately

Versions A and B of the MSX-VIDEC 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 vocltage (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 FParameter Min. TyYp. Max. Unit
1 EXTAL KTAL clock freguency 20.286 21.48 | 22.55 MHZ
2 TXWH XTAL clock high-level

pulse width 5 ns
3 TXWL XTAL clock low=-level

pulse width 5 ns
4 TXR XTAL clock rise time 10 ns
3 TXF XTAL clock fall time 10 ns
6 | TD21 XTAL clock delay

time 2 = 1 0 ng
7 TXD12 XTAL clock delay

time 1 — 2 0 ns
B | TLIXD *DLCLK (input) -

XTAL clock delay time 20 50 ns
9 ™1 XTAL]l pulse width 12 ns
10 TW2 XTALZ pulse width 20 ns
11 TPD XTAL1-XTAL2 relative

delay time 15 24 ns

XTAL 1

NTAL

HaC L

NTaLl _/C\;//-h_\\_ Ca i T

XTAL?

S - oy

117




V3938 MSX-VIDEO Data Sheet

*RESET Input timing

Ho. | Symbol Parameter Min. Ty P Max. Unit
1 TRESET *RESET low-level
pulse width 10 ms
LE=E ——\ /—
DC characteristics
Symbol Parameter Condition Min.| Max.| Unit
VOL4 Low=level cutput voltage
(group 4} IOL = 1.6 mA 0.4 v
VOLS Low-level ocutput voltage
(group 5) IOL = 1.6 mA 0.4 v
VOLG Low-level cutput voltage
(group 6) IOL = 10 mA 0.4 v
VOoL7 Low-level output voltage
(group 7) IOL = 1.6 mA 0.4 v
VOH4 High-level output voltage
group 4) IOH = 100 uh 2.4 v
VOH5 High-level output voltage
(group 5] IOH = 60 uA 2.7 v
ILI Input leak current 10 uh
ILO Output leak current
(floating) 25 uh
ICC Current consumption 230 mA
Hotes:
Group 4: CDO to CD7, RDO to RD7, RADD to AD7, *VDS, CBDR,
CPUCLE, CO to C7
Group 5: *RAS, *CAS0, *CASl, *CASX, R/*W
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 |fDHCLE |[*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

1l |fDLCLE |*DLCLK freguency CL = 50 pF| 5.06| 5.37| 5.64| MHz

12 |TLOWL *DLCLE (output) low-

level pulse width 60 ns
13 |TLOF *DLCLK (output)

fall time 15 ns
14 |THLOD |*DHCLK-*DLCLK (output)

delay time =15 15 ns
15 |fCPUCLE|CPUCLE freguency 3.37| 3.58| 3.76| MHz
16 |TCoWH CPUCLE hdigh-level

pulse width CL = 110 ns
17 |TCwL CPUCLE low-level 100 pP

pulse width 110 ns

18 |TCR CPUCLE rise time 25 ns

1% |TCPF 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

Kote: The values shown for *DHCLK and *DLCLK assume that RL = 1 k
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External cutput clock timing
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CPU-MS5X-Video Interface

No.

Symbol |Parameter Condition |Min. |[Typ. |Max. |Unit

1 |TASE 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 | TCSW *CSW pulse width 186 700 |2000 ns
7 |TCSR *CSR pulse width 186 700 |2000 ns
8 |TRAC Data access time CL = 100 150 ns
9 |TPWX,A |Data invalid time 300 pF 0 ns
10 | TPVX Data disable time 65 100 ns
11 |'wiw *CSW pulse width

high, 2nd-lst,

lst-2nd byte 2 us
12 | ™W2wW *C5W pulse width high,

2nd'3rdp 3[1'.1-'31'13.-

3rd-lst byte 8 us
13 |TS1RW |*CSR-*CSW setup time,

lst-1st byte 2 us
14 |Ts2rw *CSR-*C5W setup time,

3rd-lst byte B us
15 | TS1WR *CSW-*CSR setup time,

2nd-lst 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 *CSR lse width

hig ¢ 3rd-lst,

3rd-3rd byte B us

[y '

I
MODE X'

[}ATA

~

R

T

<

>_<__L

CPU-MSX-VIDEO write cycle interface
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CPU-MSX-VIDEQ read 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 CPL.

MSX-VIDEC register read timing

g ey e ) e g Lt

1]y
L] 1
: 1 2 1 H 2 f‘

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

L
o
=

MSX-VIDEQO register write timing
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MEX-VIDEO-VEAM interface

Ko,

Symbol |Parameter Condition |Min. |Typ. |Max. |Unit
1 |TRC Memory read/write
cycle time 266 279
2 |TPC Page mode cycle time 177 186
4 |TDsC Read data setup time 20
5 | TDHC Read data hold time 0
6 |TRP *RAS precharge time g0
7 |TRAS *RAS pulse width 130
& | TRSH *RAS hold time 60
8 |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 held
time (for *RAS) 130
18 [TRCD Read command-*CAS
delay time 30
19 |TRCH Read command
hold time o
20 |TWCH Write command
hoeld time 70
21 |TWRH Write command hold
time (for *RAS) 150
22 |TWP Write command pul se
width 120
23 |TREWL Write command-*RAS
read width 150
24 |TOWL 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
28 |TWCD Write command-*CAS
delay time 30
29 |TCP *CAS precharge time
(page mode cycle) 70
Note: The above specifications apply to version C of the V9338,

The following items apply to Versions A and B.
Versions A, B, and C, refer to page 134 of this data sheet.

To distinguish
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Version
No. | Symbol Parameter
A B
14 TRAH Row address hold time 10 10
15 TCACD | Column address=-*CAS delay time -5 0
26 TDH Write data hold 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 Mo rating
Fis - \ 1 L —: :
I : Y
: L } s 1
CA=s | E |:1_-! ; 1|
| "|I { T‘ 1
i |
I gmt I
i ki i 4 I
Al g :
e W

1
!
-/
1
f R o
| H
= Jm-n—;——( Valid Data >_
)
1

VRAM write cycle (early write)
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JARETNIN

7 g

i
'
3 et
ke ==t e
; i

Wiwe

VRAM read cycle

= I -
-
AL h ! ! |
Lt
H . —:
CASL LY H I i ! |
i A ! LR
15 :-E-—la«-:-]1':l-:—| e -?,_':-l-;-:—i
! <4 ! 1 ] ! |
i X ot X XA X XXXXXX
:-]n-E E : I Er-—:'-—-:
m e HEY
mibiy b b
kw7 1 gmen) :'L':liu| |]i|[.'|.: I

VRAM page mode cycle
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Composite video signal output level

Versions A and B

Symbel |Parameter Condition |Min. |Typ. |Max. |Unit
VWHITE |White level cutput woltage 2.20 |2.55 [2.90 v
VWHITE |White level cutput voltage
(BSW) fusing Black & white) 2.30 j2.65 [3.00 v
VBLACK |Black level cutput wvoltage 2.00 j2.30 |2.70 V
VEYNC Sync level ocutput voltage RL = 1.90 |2.20 [2.60 v
VB Color burst pulse width 470 ohms|0.14 |0.19 [0.24 V
VP-P Electric potential
difference between
white and sync levels 0.24 |0.35 |0.44 v
VE-P Electric potential
(B/W) difference between
white and sync levels
{using'black & white} 0.34 |0.45 |0.54 v
Kote: The typical values listed in the above table assume that
VCC = 5,00 V and TA = 25 <.
Version C
Symbol |Parameter Condition |Min. |Typ. |[Max Unit
VWHITE |White level output voltage 2.20 |2.60 |3.00 v
VWHITE |White level output voltage
{(B/W) {using Black & white) 2.50 |2.B0 |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 |2.30 v
viB Color burst pulse width 470 ohms|0.16 |0.22 |0.28 v
VE-P Electric potential
difference between
white and sync levels 0.40 |0.60 [0.75 | V¥
VE-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 V and TA = 25 °C.
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RGB output level

Symbol |Parameter Condition [Min. |Typ. [Max. |Unit
VRGE 7 |FGB maximum output Voltage RL =
470 ohms|2.5 2.8 3.2 Vv
VRGE 0 |PRGE minimum cutput voltage RL =
(Black level) 470 ohms|1.7 2.0 2.4 v
VEBE-P RGE electrical potential BL =
difference VRGBT7-VRGEOD 470 ohms|0.65 |0.8 |1.00 v
DRGBE RGEB electrical potential RL =
difference P-F 470 ohms 5.0 %
Note: The typical values listed in the above table assume that
VCC = 5.00 V and TA = 25 .
Synchronize signal sutput level
Symbol Parameter Condition |Min. |Typ. |Max. |Unit
VILVH 1 Tri-level output high- BL =
level BLEO 1 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 BLED 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, CS¥YNC No load 2.7 .7 v
VTLVL 2 Tri-level ocutput low-
level HSYNC, CSYNC No load 0.8 v
VYH *¥s output high level ICH =
100 vA| 2.4 v
VYL *¥s output low level IOH =
1.6 ma 0.4 v
ITLVH High-level input current [VI =
HSYNC, CSYNC 0.4 ¥ -4.0 ma
ITLVL Intermediate level input [VI =
current HSYNC, CSYNC 0.4 v =2.0 mA
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Composite video signal

No. |Symbol |Parameter Condition |Min. |Typ. |Max. |Unit
1l |TECV 1 |[HSYNC fall time 110 ns
2 |TWHS HSYNC pulse width 4.50 4.70| us
3 |TrCV 1 |HSYNC rise time Q0 ns
4 |TH5-CBE |HSYNC color burst delay

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

delay time 1.10 1.50| us
7 |TrCV 2 |VBLACK-VWHITE rise time 90 ns
8 |TwLB Left border width L = 2.4 2.7 us
9 |TECV 2 |VWHITE-VBLACE fall time 150 pF 100 ns
10 | TwAD Active display area 47.00|47.68|48.00| us
11 |TwERB Right border width 2.50 2.80| us
12 |TRE-HS |Right border-horizontal

synchronous delay time 1.20 1.50| us
Fote: Items 8 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 =

(VRGB0 — VRGET) 470 ohms 60 ns
14 |TERGE RGB signal fall time CL =

(VRGB7 — VERGED) 150 pF 60 ns

Note: Measurements are 10% to 90%.

LIl e e e mm e

Lonmpmisite

Wntlewn

\

K.t
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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 level~intermediate]

level rise time 140 ns
3 |TrSY 2|BLED low level-high lewvel

rise time 220 ns
4 |TE5Y Z|BLEC high level-low level CL =

fall time 50 pF 110 ns
5 |TrSY 3|SY¥NC intermediate level-

high level rise time 300 ns
6 |TESY 3| 5YNC high level-intermediate

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

level rise time 200 ns
8 |TrSY 5|S5YNC low.level-high level

rise time 400 ns
9 |TrSY 6|*Y5 low level-high level

rise time 25 ns
10 |TESY 6(*YS5S high level-low level

fall time 25 ns

Kote: BLED is the value when RL = 1 k
Times shown are 10 to 90%.

129

chm.




V9938 MSK-VIDEQ Data Sheet

i B 1

L L LY

-

=T}
=

e

HSY NG

<Y i

= LV TLVH

-t
e
-
o
==

= = 2 &
= i - =
= B = =
- - - -
H H H |
i I ' !
| H i i
| ; i '
| H X
] ! L) 1
' i 1
i H !
i H '
H i
1]
: i
[l i !
H i i
1 i |
H '
i
1
: Ry
G i i
¥ £l i "
L F H
' i
' i
i H

EEh
CSYNC

-

130




V99318 MSX-VIDEC Data Sheet
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Color bus
Ko. |Symbol |Parameter Condition|Min. |Typ. |Max. |Unit
1 |TDCBO |*DLCLE-color bus cutput L =

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

hold time 50 pF 20 ns
J |TSCBI |Color bus input setup time - Q ns
4 |THCEBI |Color bus input hold time = 20 ns

Cuhir Bus ><

il

Caosloor Bus X

3 R
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VDS
Ho. |Symbol | Parameter Condition |Min. |[Typ. |Max. |[Unit
l |TOWDSL| *DLCLE-*VDS low level
delay time CL = 50 pF| 50 loo ns
2 |TDVDSH| *DLCLE-*VDS high level
delay time 50 100 ns
3 |TsvDs *WDS setup time (for
*CAS0 and *CAS1) 20 ns
4 |THVDS *WDS hold time (for
*CAS0 and *CAS1) 0 ns
i e e L S SR N o ol s N g
i e
= ' '
oA 1
-
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4. External measurements of package

. 2]
fil Pin =hrink INF |
-

1 Nosber Thesre are 1wn
nvpeed (LD section A

Smran

1RGTY

—_———— -
= '-1'
A ii- 13
Laviwd material: 42 alloa
Ll ot prowcess  salder DIP or TindSalplating

Hote: The specifications for this product are subject to change
without notice as improvements are made.

5. Version identificaticn

© 1904 MICEOSOET
C 1iM FAF=

2302 8 84 18 3L

{
|
——

Verston mdication A version: Xane
B version: B
O wersion

134




APPENDIX




C NIPPON GAKKI CO., LTD.




V9938 MSX-VIDEO Appendix

1. 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 nms
cycle, as the usage depends on whether the DRAMs used are 16K or 64K.

1. 16K DRAMs (VR = 0)

- When the row address and column addresses are seven bits, connect
pins AD1l 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 ADE on the V9938 to DRAM address pins Al
to A6. Also connect pin ADO to pin A7. When this configuration
is used, only addresses A0 to A6 of the DRAM are refreshed.

2. 64K DRAMs (VR = 1)

= Connect pins ADO to AD5 and AD7 of the V9938 to pins A0 to A6 of
the DRAM. Alsc connect pin ADS 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

V99318 adderss |AD7 |AD6 |ADS (AD4 |AD3 |ADZ |ADl |ADO

VR = '0! RS R4 R3 R2 241 RO R7 R&
VR = '0', G6, G7 modes RO R7 R& R5 R4 R3 R2 Rl
VR = '0', non-G6, G7 modes R7 R& RS E4 R3 R2 Rl RO

Maximum Refresh Cycle

l. 256 cycle refresh 4 ms
2. 128 cycle refresh

- Using addresses other than R7 1.25 ms
= Using addresses other than RE 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
l. VR = 'O

- DRAM construction with 7-bit row and column addresses

Ma ximum
refresh cycle
DRAM addresses A6 AS A4 A3 A2 Al AD
V9938 addresses (AD) 7 6 5 4 | 2 1 1.9 ms

- DRAM construction with B-hit row address and 6-bit
column address

Maximum

refresh cycle
DEAM addresses AT A6 A5 A4 A3 AZ Al AD

V99318 addresses (AD) 7 & 5 4 3 2 1 1] 2.2 me

(AD) 0 6 5 4 k| 2 1 7 1.9 ms

2. VR = '1!

Ma ximum
refresh cycle

G6/G7 HNon-G6/GT
DRAM addresses A7 A6 A5 A4 A3 A2 A AD Modes Modes

V9938 addresses (AD)| 7 6 5 4 3 2 1 1] 2.5 ms 1.25 ms

(AD) | 6 i) 5 4 3 2 a 0 l1.25 ms 1.9 ms

(aD) | 5 7 [ 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 AD.
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2. Examples of VEAM Interface

2-1 16K bytes
- (16K x 1) x B

—i i
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—
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| I |
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= e
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i )
—lza =E |
=
e
SEEEE
=EE=aa

V9938
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- (16K x 4} x 2

B 1l

Ml23ias

RAS CAS WE D01 2 3

[T | ]

|

SSmEnass fas

| sgEeEEssTics
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2-31 64K bytes
- (64K x 1) x 8

J

i

Il

$34 56

RAS CAS BE

|
[17]
— 01K
L OUT

=
-

LR =75 BEEEEEE

V9938
A
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- (64K » 4) = 2

2= 8K bytes

4K x 4) x 4

L
o
[N ]

va93

=

EEREERES

i
=

[,

FREESSET

g
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3. Clock oscillation internal circuitry

Rl Approximately 1 k chms
RZ Approximately 500 k chms
TRl Depletion transistor
TR2 Enhancement transistor

L

/‘

!
'
Imernal cliwk

TR1

R NTALZ v
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4. Ussge of unused pins

Output pins
211 unused cutput pins may be left open.

Input or input/output pi_n:_
*DLCLK (3) R
HEYRC (5 fy sl
CEYNC (6}

C7 to CO (12}

*LPS (26)

*LPD 4 11";
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5. Cycle mode

The V9938 has three cycle modes,
the following settings of bits S0 and 81 in register #9,

which may be specified

according to

HS¥NC
s Cycle Screen *¥s fH

1 0 mode mode High level Low level

o o 0 BC only Burst flag H counter Low fXTAL/1168
reget input

0 1 1 Mixed HSYNC H counter High/| fXTAL/1365
reset input Low

1 0 2 Ext. HSYNC H counter High EXTALS1365

Video reset input
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6. Cycle input
HSYNC 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
ignored.

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.

mampling Ulock I6DLC LR

Al I
Sl

Vi

Pulse

Field = X im
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7. Display parameters

7-1 Horizontal display parameters
Unit: XTAL Cycles
Multicolor mode Text I mode
Gl to G7 modes Text II mode
51, 50 (R#9) l, 2 0 1ri2 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 G2
Total 1365 1368 1365 13648
Hote: The above table shows the relationship between the RGB signal
and HSYNC when the Display Adjust Register (Register Number
18) is set to 0.
RGE [ [h=play tinm I aft hee :--'-I |t Baerder
————
[ I_J |
I [ i b I:I: (S FEECRA T
Svnchromne 1l
7-2 WVertical display parameters (NTSC)
Unit: Lines
Lines 192 lines 212 lines
LN = 0 LN = ]
Interlace Interlace
Field Field
Non- Non-
Interlace| lst 2nd Interlace| lst 2nd
Synchronize signal 3 | 3 3 3 3
Top erase time 13 13 1% 5 13 13 13.5
Top border 26 26 26 16 16 16
Display time 192 192 182 212 212 212
Bottom border 25 25.5] 25 15 15.5| 15
Bottom erase time 3 3 3 3 3 3
Total 262 262.5|1262.5 262 262.5|262.5
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7-3 Vertical display parameters (PAL)

Unit: Lines

Lines 192 lines 212 lines
LN =0 LN =1
Interlace Interlace
Field Field
Non- Non-

Interlace| lst 2nd Interlace| 1lst 2nd
Synchronize signal 3 3 3 2 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 449 48.5| 48 ig iB.5| 38
Bottom erase time 3 3 3 3 3 3
Total 313 312.5(312.5 313 3l2.5]312.5
Kote:

The above table shows the relationship between RGE and VSYNC

when the Display Adjust Register (Register Number 18) is set
to 0.
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B. Color palette

G R B

Q 0 0 0

1 0 0 0

2 6 1 1l

i 7 3 3

4 1 1 T

5 3 2 7

Color 6 1l 5 1
code 7 6 2 7
8 1 7 1

9 3 7 3

S [ 6 1

B 6 6 4

c 4 1 1

D 2 6 =

E|5| 58] s

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, .D means that the GERB

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 is 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 to
00, the color burst effect may be removed.

Note: 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 cCc2 CCl CCo
Gl to G4

&«Even — — 0dd —

G5 X X X X 2cl CCo CCl CcCo

— Even + € Odd ~
GG CC3a cc2 ccl cCco CC3 ccz2 CCl CCo
G7 cc? CC6 ocs CcC4 cc3 cc2 CCl CCo

The color bus is used as listed above whether doing 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 resolution 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}.

150



V9938 MSX-VIDED Appendix

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
horizental direction, and the coordinates are = = 0 to 255.

In order to display a sprite pattern as shown in Fig. 1, you must
create a sprite pattern generator table as shown in Fig. 2.

0 ABIAB A
vl i CD|CD

2 |E FIE FIE FJE P|E FIE F|E FIE F
3 |G HIG HIG H|G H|G H|G B|G H|G H
4 I Jj1 J

3 b K LIE L 2z
[ . M HNIM N

1 E 0O P|O P|C P|C P ]

Fig. 1 Sprite pattern

MsB LSB

4 0 0 0 1 1 0 0 0
5 0 0 0 1 1 0D 10 0
& 0 0 0o 1 1 0. 4 0
7 0 0 1 1 | 1 0 0

Fig. 2 Pattern generator table
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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 two groups of
two bits. The upper two-bit group is for the color of the even
bixels, 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 resolution 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 LSB
0 A | B
1 c | c
2 E | P
g G :| H
4 1 | J
5 K f L
6 M r N
7 0 | P

Fig. 3 Color table

152




