- VO938 MSX-VIDEO

- Technical Data Book

B YAMAHA




—

- - o,

e - e r——

PREFACE

The V9938 introduced in this manual is a Very Large-Scale Integrated
Circuit (VLSI) that was developed as a Video Display Processor (VDP)
for the M5X2. The MSX personal computer standard was introduced in

1983 by ASCII Corporation and Microsoft Incorporated., At present, the
MSX is manufactured and marketed worldwide. In 1985, out of the

desire to strengthen some of the functions of the original MSX, the
MSX2 standard was developed. In addition to being software-compatible
with the M5X, the MSX2 supports new media and has video processing
capabilities that are not available on conventional 8-bit perscnal
computers.

To make the MSX2 a reality, two requirements for the Video Processor
were upward coompatiblity with the existing TM59918A (the VDP for the
M5X)} software whif: increasing the number of functions. The V9938 was
developed through the joint efforts of ASCII Corporation, Microsoft
Incorporated, and YAMAEA.

The following functions are supported on the V3938.

= Full bit-mapped mode

- BO0-column text display

~ Access using X- and Y-coordinates. The load of the 1/0
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

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

video capabilities that make it gossible for its use jin a variety of
applications, including the MSX2. CAPTAIN terminals and NAPLPS
terminals using the V3938 have already been developed. We hope that

ﬁge.VQQBB will be a standard video processing device on a worldwide
S13.

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

We are pleased that you have chosen to develop software for the V3938
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 develomment of the V9938.

August, 1985

ASCI] Corporation
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BASIC INPUT AND OUTPUT

1. Accessing the Control Registers

There are two ways to set data in the MSX-VIDED 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 #1. Since
this order is always used, be careful when you access the RSX-VIDEO
for an interrupt routine.

MSsB 7 6 5 4 3 2 1 0 LSB

Port #1 First byte |07 b6 [ps [p4 [p3 b2 [p1 [0 | DATA
second byte |1 | 0 [rs [re [m3 |m2 |m [mo | RecusTER 4

1.2 Indirect access

Specify the register mumber in control register R#17 (Control Register
Pointer).

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

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

If autoincrementing is prohibited, the contents of REl7 will be
unchanged, and thus you do not have to reset Rfl7.

Msp 7 € 5 4 3 2 1 ¢ LS8

Register #17 atz| o |5 |me |3 |m2 [m [Ro | mEGusTer ¢

1: Auto increment inhibit
0: Auto increment on

Port #3 First byte |07 |pé |ps |p4 [p3 [p2 ;1 po | para

Port #3 Second byte Im]os p5 [p4 [p3 [p2 {p1 [pO | DATA

Port #3 nth byte p7 [pé |os |p4 [p3 fp2 o2 |po | para

2. Accessing the Pallete Registers

To set data in the MSX-VIDEQ .palette registers (P#0 to P#15/9 bit),
you must first set the palette register number in register R#l6 (Color
palette address pointer) and subsequently output the twoc bytes of data
(in order) through port #2.

»
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MSB ?7 € 5 4 3 2 1 o0%ism

Register 116 boflo]o]olcsfez ei Jco | parrete ¢
Port #2 First byte | 0 |rz [m fro | o |z [e1 [s0 | para
e e——]
Red data Blue data
Port #2 Second byte] 0 [0 {0 ]| 0 | o |2 [a oo | para
——
Green data

3. Accessing the Status Registers
To read the status registers of the MSX-VIDEO (S#0 to S#3), you must
first set the register number in R#1S (Status register pointer) and
read the data through Port #1.

MsB 7 6 5 4 3 2 1 0 LS

Register B15 0 | ¢ JO | 0 |53 |s2 sl |s0 | Status register #

Port #1 Read data |D7 'DS IDS |D4 |D3 ID2 lDl lDO DATA

4. Accessing the Video RAM

A Video RAM of 128K bytes plus an expansion RAM of 64K bytes can be
cornected to the MSX-VIDEO. The memory maps for these cases are shown
in the map below.

Address counter

1FFFFH
OFFFFH
0oooom i
Video RAM Expansion RAM
(For display) (For data I/C registers)

Accessing memory

. s
To access memory, follow the procedure below. -

1. Switch banks (VRAM to Expansion RAM)
2. Set the address counter (Al§ to Al4)
3. Set the address counter (A7 toc AO)

4. ©Set the address counter (Al3 to A8}, and specify read or write
S. Read or write the data
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1. Switching banks (VRAM to Expansion RAM)
Since the contents of R#45 (Argument register) do not change each time
that memory 1is accessed, it is not necessary to respecify bit 6 of
register R#45 (which specifies banking) every time that you are to do
banking. :

MsB 7 6 5 4 3 2 1 ¢ L=

Register #45 | 0 [mxc[mw[uxs|orvlorxeo |mas] 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#14 (VRAM Access base address register}.

Ms 7 6 5 4 3 2 1 0 LSB

Register #14 olololofo |A16|A15|A14 VRAM Access base
address register

3. Setting the address counter (A7 to AC)

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

MsB 7 6 5 4 3 2 1 ¢ LSB

Port 41 [a7 Tas [as [as Jas a2 [m [a0 | Fizse pyte

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 tl.

MSB 7 6 S5 4 3 2 1 0 LsB

Port 41 [ x | x [asfarz]arrfarojas [ae | seconé byte
__E 6: Read

0 l: wWrite

5. Reading or writing data

Since the address counter is automatically incremented when datz iS5
g:ad from or written to Port #0, you may continually access blocks of
ta.

* To access the VRAM, you can alsc use commands. These commands will
be explained in a later chapter.
* Refer to the data sheet for access timings.
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REGISTER FUNCTIONS

1. CONTROL REGISTERS 10 to #223 (Write only)

$#32 to #46 (wWwrite only)

1.1 Mode Registers
MsB 7 6 5 4 3 2 1 ] LS8

R0
R#1
R#s
Ri#9

[ o ]oe [re2[1e1{us fus Jua | 0 | Mode Register o

0 |BL [IEO{M1 {M2 0 [SI [MAG| Mode Register 1
2

- LP |TP -VR o ISPD BW Mode Register

LN | ¢ |81 |so |IL E0 |*NT|DC | Mode Register 3

* Indicates negative logic.

R#0

R#l

R#8

R#3

Le

VR

SPD
BW

LN

s1
50

Sets the color bus to input mode, and inputs data into
the VRAM.

Enables interrupt from Lightpen by Interrupt Enable 2.
Enables interrupt from Horizontal scarning 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 enatled. 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, & x 8.
Sprite expansion; when 1: expanded. When 0, normal.

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

When 0, sets the color bus 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 color bus to output mode.

Selectz the type of Video RAM.

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

0 = I6K x 1 bit or 16K x 4 bits.

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

When 1, sets black and white in 32 tones.

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

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

Selects simultaneous mode.
Selects simultanecus mode.

L
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IL : When 1, interlace {Complete NTSC timing)
When 0, non—interlace {Incomplete NTSC timing)
E0 : When 1, displays two graphic screens interchangably by

Even field/0d44 field.
When 0, displays the same graphic screen by Even
field/0da field.

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

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

1.2 Table Base Address Registers

The table base address registers mre 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 on the @isplay mode. For this purpose,
you must mask the unwanted bits.

M8 7 6 5 4 3 2 1 0 LS
R#2 o [are[arsfarafarafar2][ata]aro| pattern name tanle ase

address registec

Ri3 Al3{atz|a1rjaro|A9 |A8 |A7 [A6 | Color table base address
register low B

RE10 o[ o] o] ofo[as[ais|are] coror table base agaress
register high

R#4 [ 0 I 0 [Alﬁ|A15|514|A13|A1215111 Pattern generator table
base address register

res  fadfasfmzfaa|molas [as [a7 | sprite attribute table
base address register low

Rl fofofdofof o] o[me[ars| sprite attribute tanle
base address register high

rt6 | o | o Jmefas]asfasfmafmi]| sprite paccern 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

MSB 7 6 5 4 2 2 1 0 Lss

lTC3|TC2ITC1]TCO|BD3|8021BD1]BDO wext color/Back drop

TC3 to TCO: Specifies the text color accerding
and TEXT 2 modes.
BD3 to BDO: Specifies the back drop color

modes.

color register

to TEXT 1

in all dilplay
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mse 7 6 S5 4 3 2 1 0 1L

R#12 [123IrzzIrz1|T20|BC3|BC2]BC1|BC0| Text color/Back coler
register

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

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

Msa 7 6 5 4 3 2 1 0 LSB

Rt13  [cns[owa[on[one]orsjor2]or1|oro| Blinking period register

In the bit map modes of GRAPH4 to GRAPH?, the two pages are
alternately displayed (blinked). Place data in this register to set
the display page to an odd page to begin blinking. This register is
also used in the TEXT2 mode.

ON3 to ONO: Display time for even page
OF) to OFQ: Display time for odd page

MsB 7 ] ] 4 3 2 1 0 LSB

R#20 0 ' ¢ l 0 170 I 6] o | 0 I D_J Color burst register 1
R#21 ,_il oli1jr]arje]n | 1 l Color burst register 2
R$22 -7; [ 0 l 0 [ 0 I 0 I 1 l 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 color burst signal will be output.

l.4 Display Registers

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

MsB 7 6 5 4 3 2 1 0D LSB
R#18 [V3 [V2 ]VI IVD |H3 'EZ IHl |BO l Display adjust register

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

3-7.1-3.1' H'U,HIIS..-HIB
(Left) (Center} (Right)

V=3.--V'151V‘0,V=1 e e s V=7
{Bottom) (Center) (Top)
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MSB 7 € 5 4 3 2 ) 0 1Lss

Rt23  [D07{D06 D05 |D04|D03 {002 [DO1 00| Display offset register

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

VRAM (Line)
TOP 0
CRT Screen
BOTTOM 192 or 212 R#23 = @
255
]
CRT Screen
BOTTOM 136 or 156 R#23 = 200
TOP 200
CRT Screen
255

MSB 7?7 6 5 4 3 2 1 0 LSB

Ril9 l}L?lILGIiLSIIL4|1L3[IL2 ILlIILD] Interrupt line register

You may specify interrupts when the MSX-VIDEQ begins te display a
specified scanning line. To enable the interrupt, use the above
register toc set the scanning line.

1.5 ACCESS REGISTERS

The access registers are a set of registers used when accessing the
MEX-VIDEO registers or the VRAM.

MSB 7 ] S 4 3 2 1 0 LSsB

R#l4 [_0 ] 0 ] 0 ' 4] ] 1] IAlSIAlSlAJAl :g;?szsgess base address

When accessing the MSX-VIDEO 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, 1f there

is a carry from Al3d, the data in the register i5 automatically
ircresented. In GRAPHIC1, GRAPHIC2, MULTICOLOR, and TEXT1 modes, the
data in the register is not automatically incremented.

R#15 l 0 I 0 l 0 l 04]53 |S2 lSl ]SO I Status register pointer

When reading the MSX-VIDEO status registers (510 to S#3). set the
contents of the Status register pointer.
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-

MSE 7 6 5 4 3 2 1 0 LSB

Rt16  fof oo alesfeca fereo | Egég;tfilette address

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

MsB 7 6 5 4 3 2 1 0 LSB

R17  [a1z]| o |rss|rs4frs3|rsa]rsifrso] controt register pointer

In the MSX-VIDEQ, 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.

AIT = 1: Auto increment disabled
AII = 0: Auto increment enabled

1.6 comMAND REGISTERS
The follewing command registers are used when executing a commarnd on
the MSX-VIDEO. Details on the use of these command registers will be

presented in a later chapter.

MsB 7 6 5 4 3 2 1 0 LSB

R#32 sxv,sxs]_sxslsx4|sx3|sxz|sx1|sxo| Source X low register
Re33 [0 fo]ofo l 0 I o I 0 lsxal Source X high register

R34 [sv7]svs[sys[sva[sva]svalsvalevo] source ¥ 1ow registec

435 | 0 J o] o] o] o] o [srofsvs] source ¥ bigh register

R#36 [DX7|0x6|Dx5{px4ipx3|px2{oX DXO0f DPestination X low register

R#37 nnnnnn 0 |DX8| Destination X high register

X
R$38 [nr?|n~zs|nys|nn[ny3 DYO| Destination Y low register

R#3s I 0 l 0 l OHI 0 | ¢ rPE_TDYBIE;;] Destination ¥ high register

RE#40 [NX7 NXGlNXS NX4|NX3|NX2{NX1|NX0| Number of dots X low register
R#41l 0 ¢ l a 0 0 0 | 0 |NX8] Number of dots X high register
Rt42 |ny7[wve|wvs[wva[uvafavz]wva]ovo] mumber of dots ¥ 1ow register

R#43 ' 0 l 0 [ 0 l 4] I 0 | 0 INYSINY?I Number of dots Y high register

R#44 13 |cH2|cR1|cHo{cuafenz2)eni lero Color register

R#45 | 0 Imxcluxoluxs mmm Argument register
R#4é6 ICH!lCHZlCMl'CMOILOS'LOZ'LOIILOO' Command register
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2. STATUS REGISTERS #0 to #9 (Read only)

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

MSB 7 6 5 4 3 2 1 0 LSB

St0 F |ss | ¢ [rifth sprite number| status register o

F: Vertical scanning interrupt flag
When S#0 is read, this flag is reset.

58: Flag for the fifth sprite

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

C: Collision flag
Two sprites have coll ided.

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

MSB 7 6 5 4 3 2 1 0 Lss

S41 FL |LpS| Identification # [FH | Status register 1

FL: Lightpen flag (Lightpen flag set)
I1f the lightpen is to detect light, this bhit 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 switeh on the mouse was pressed.
In this case, when $#1 is read, FL ie not reset.

LPS: Lightpen switch {Lightpen flag set)
The lightpen switch was pressed.
In this case, when S41 is read, LPS is not reset.

Mouse switch 1 (Mouse flag set)

The first switch on the mouse was pressed.
In this case, when S#) is read, LPS is not reset.

Identification number:
The identification number {ID #) of the MSX-VIDEO.

Fi: BHorizontal scanning interrupt flag .
Horizontal scanning interrupt (which is specified in Ri19)
flag. 1If IEl is set, an interrupt is enabled. When 51}
is read, FH is reset.

MSBE 7 €6 3 4 3 2 1 ¢ LsB

s42 [z= lVR_JHR oo [ 1 | 1 [zo jce | status register 2

TR: Transfer ready flag
When the CPU sends commands to the VRAM Qnd 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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VR:

HR:

CE:

MSB
5#3
S#4
545
56

The above

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

Horizontal scanning line timing flag
During horizontal scanning, this flag is set to 1.

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

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

Command execution flag
Indicates that a command is being executed.

7 ] 5 4 3 2 1 0 Lsp

[x7_[x6 Jxs [xa [x3 [x2 [x1 [x0 ] colwmn register 1o
[1 T Ta[aTa]1]1 [x8 ] cotumn register nign
v7_fvs fvs Jv4 Jvs Jv2 Jv1 Jvo | row register 10w
Lr]rfaTaT a1 eo [v8 | row register high

registers are get to indicate the collision 1locatien of

gprites, the location of lightpen detection, and the relative movement
of the mouse. 7

S5#7

The above

le7 fcs [cs Jca Je3 ez Jex [co | cotor recister

color register is used when the POINT and VRAM to CPU

commands are executed. The VRAM data is set in this recister.

S48
543

Bx7|Bxele5|Bx4|Bx3|sx2|ax1[sxo Border X register low
1 1 1 1 1 1 1 |Bxa Border X register high

When the search command is execnted and the border «coler has been

detected,

the X coordinate is set in the above recisters.

10
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TEXT 1 MODE

Characteristics

- Pattern size

-~ Patterns

- &creen pattern count
- Pattern colors

- VRAM area per Ecreen

€ dots (w) x B dots (h)

256 types

40 (w} x 24 (h) patterns

Two colors ocut of 512 colers (per screen)
4K bytes

Controls

Pattern font

Screen pattern location
Pattern color code 1
Pattern color ccde Q@
Background coloer code

VRAM pattern generator table
VRAM pattern name table
Bigh-order four bits of R#7
Low-order four bits of Ri7
Low-order four bits of R#7

" 28 g1 e

Initial Settings

1. Mode and Register Settings

Ré0
RE1
RiB
R#9

%
* R

Msp 7 6 5 4 3 2 1 0 LSB
l 0 lDG'lIEZIIE{l_O*' 0*[19*] 6 ] Mode register D
0 IBL IIEOI 1% 0*1 0 |é} lMAGI Mode register 1

s [Lp {TP ch-IVRI 0 |SPDJ1TJ Mode register 2

[LNA] 0 ISl [SO IIL IEO f*NTIDé_] 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 PNO to PN255.

- 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 R4,

MsB 7 6 5 4 3 2 1 0 LB

R4 | o l 0 IalGIAlS[pldIAIJIAIZlAll Pattern generator table
base address register

Pattern generator table

(X=1, 0=0)

rT————-——- These bits are net displayed.

76543210 LSB
00XQC000
OX0X0000
X000X000
X000X000 b— Pattern number 0
XAXXXX000
XQ00X000
X000X000
Q0000000
XXXX0000
XOQQO X000
X000 X000
XXXXC000 }—— Pattern number 1
XCO00X000

X000X000

KXXX0000

00000000 ———-

=
in
[+ ]

|

o
Cwo~Nourmaw O

|l ol el o
e L o B

[l
w

2040 XOX0X000 ——
2041 OXOXOXCO
2042 XOXOX000
2043 OXOXOXQQ —— Pattern number 255
2044 XOXOX00Q
2045 OXOoXoX00
2046 XOX0OX000
2047 OXOXOX00 —m

12
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3. Pattern name table settings

=~ The pattern name tzble i composed of one byte for each screen
pattern. FEach byte specifies a unigque pattern.

— Set the beginning (head) address of the pattern pame table in
register R{2.

MSB 7 1) L3 4 3 2 1 0 LsB

R#2 [0 Jue|ms[as]ma]mz]ai]ato] rattern name tabie
base address register

Pattern name table

Base address

(o, 0 0 ¢ 1 2 3 . 39 X
(1, 0 1 0 0 1 2 3] . . 3¢
(2, » 2 1 40 41 42 43| . . 79

ana

22 | Baoj 88l . . . . 819
21 8201 921 . . « . 859

(39, O 38
o, 1) 40

b4

Screen display correspondence

amsasas
.

{39,213} 959
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4. Color register settings

mss 7 6 5 4 3 2 1 0 LSB

g7 [rca]rcz[rcifrcofspafsvalenifeoo] Text coror/Back drop color
1 register
Specifies pattern color
code 0 or back drop coler
Specifies pattern color

code 1
Example of VRAM allocation in TEXT 1 mode
0000QH MSB 7 6 5 4 3 2 1 0 LSB
Pattern
Name RE2 0 0 0 0 o 0 0 1}
[ele]ololole]e]
Alé AlS Al4 Al3 A12 All AlD
003COoH
00800H MSe 7 6 5 & 3 2 1 0 LSB
Pattern
Generator rts JoJofojofo ool
Table 0
3 Al6 A1S5 Al4 Al3 AlL2 ALl
01000H MSB 7 6 5 4 3 2 1 0 LSB
Pattern
Name R$2 [o|0]u[o]o|1|o‘o]
Table 1
Al6 ALS Al4 Al3 Al2 All ALO
013coH
018008 MSB 7 6 5 4 3 2 1 1] LSB
Pattern
Generator rte [oJoJoJoJofofr]a]
Table 1
Al6 AlS Al4 ALY Al2 BAll
02000H
. . A maximum of 32 pages may be allocated in
N . the same manner (using a2 12BR-byte VRAM).

1FFFFH L_____.___J ~
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TEXT 2 MOLDE

Characteristics

6 dots (w) x 8 dots (h)

256 types

g0 (w) x 24 (h) patterns

B0 {w) x 26.5 (h) patterns

-~ Pattern blinking Possible for each character

- Pattern coloers 1 Two colors out of 512 colors (per ecreen),
four if using blinking

8K bytes

- Pattern size
- Patterns
- Screen pattern count

- VRAM area per screen

"

Controls

Pattern font

Screen pattern location
Blirk attributes
Pattern color code 1
Pattern color code 0

Background coloer code
Pattern color code 1

VRAM pattern generator table
VRAM pattern name table
VRAM cclor table

Hich-order four bits of R#7
Low-order four bits Of R#7
Low-order four bits of RE7
Bigh-order four bits of R#l2
{Used for blinking)
Low-order four bits of Rilz
{Used for blinking)

[ I I I |
e us wh B 6b ne 4

Pattern color code 0O

Initial Settings

1. Mode and Register Settings

Mse ? € 5 4 3 2 1 ©0 LsB
RiC [_o lDG |IEZIIE£J D*‘ l*l O{I_E_J Mode register 0
REl o {BL |zE0] 1¢] o*| 0 |sI |MAG| Mode register 1
Ri#B MS ILP TP |CB IVR | 0 §PD [BW l Mode register 2
RE9 LN_] o |51 Iso_JxL Izo f*nw]né_] Mode register 3

* Examples of settings in TEXT 2 mode
** Indicates negative logic
In this dieplay mode, if LN is set to 1, 26.5 lipes are selected,

and if LN is set to 0, 24 lines are selected.
All other bits are set accerdingly

2. Pattern Genarator Table Settings

~ The pattern generator table is an 2rea that stores the pattern fonts.

- Each pattern has a number from PNO to PN255. .
- Set the beginning (head) address of the pattern generator table in
register R#4.

mse 7 6 5 4 3 2 1 0 LSB

AR I N £ ) CT (R CRIUH Sy ity

15
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- The font for each patte
two bits of each of the

Pattern generator table

(X=1, o=

MSB

oo~ b MO

b et pd
M- O

-
I3, 3 S %)

L

2040
2041
2042
2043
2044
2045
2046
2047

¢n is constructed from 8 bytes,” and the lower
eight bytes is not displayed.

I..]._..__---——-— These bits are not displayed.

76543210
00X00000
CXOX0000
X0C0XQC0
X000X0C0
XXXXX000
XCO0X0C0o
XCCOoX000
0Co00000
XXXX0000
X0Q0X0C0
X000X000
XX XX0000
XCCoXooo
X0COX0OCOo
XXXX0000
00000000

XOXOXCCO0
OXOX0X00
XOXOX000
OXOXQXC0
X0X0X0Cc0
OXOX0X00
XOXOX000
OX0X0X00

LB

A—g —

| —— pattern number 0

b—— Pattern number 1

}—— Pattern number 253

3. Pattern name table settings

- The pattern name table is composed of one byte for each screen

Each byte specifies a unique pattern.

- If LN is set to 0. the screen display pattern is 80 (w) x 24 (h);
and if LN is set to 1, the screen display pattern is 80 (W x 26.35
(h}. The upper half of the 27th pattern (h) is displayed.

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

pattern.

register

R#2.

msB 7 6
[0 Jas[ars[ara[msfma] 1 | 1| pattern name table

Ri;

5

4 3 2 1 9 L=

base address register

1s
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Pattern name table

Base address
(o, O 0 0 1 2 3 « = 79 X
(1, O 1 . 0 0 i 2 3 . a 79
(2, 0 2 1 80 81 82 83| . . 159

L] . L] - - . . 3 -

semines et

25 |2000)2001 . . + » |2079

(79, 0} 7%
26 12080}208]1 - . « o |2159
(o0, 1) BC
' ¥
§ : Screen display correspondence

amsnre

L]

(79,26) | 2159

4. Color table settinge

- In TEXT 2 mode, each pattern has a separate bit for the attribute
area, and If this bit is set to 1, the pattern blink attribute will

- g:tsi;é beginning (head} address of the color table in registers R#3
and R#10.
MSB 7 6 5 4 3 2 1 0 LSB
RE3 mafamz{mifatofas 1] 1 {12 | color table
R#10 0 0 l 0 | 0 0 Al&]AlS Al4| base address registers
COLOR TABLE
MSB 7 6 5 4 3 2 1 0 LS8

0 { 0; 0) ¢ 1: 0l 2: o) 3| 0} ¢ ": 0) { 5, 0D){( 51 0)¢ 7: 0) | Base
address
1j¢ 8, 0)31C 9, 0)}(10, 0)}C11, OY]{(22, 0) (13, D) |(14, O}] (15, €}

269{(72,26) . . . . . . (78,26

i
t
]
1
|
|
!
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4

5. Color register settings

~ Set t& tor for pattern 1 in the high-order bits of register R#7.
- Set th: Eglar for pattern 0 in the low-order bits of register Ri7.

“ss 7 6 5 4 3 2 1 0 1Ls8

R¥7 frca[rc2]rc1]rco|eo3|so2{so1eno] Test color/Back drop

Set the blink attribute for the corresponding pattern yy setting an
alternate color code in register R#12. The pattern will be blinked
by using the color codes set in registers R#7 2nd RilZ.

58 7 6 5 4 3 2 1 0 1LsB

RYL2 {Tzs[wzzlwzl|T20|BC3[3C2|BC11§§EJ :g;zsggiurfﬁdck coler

6. Blink register settings

- The color codes set in registers R#7 and R¥12 will be alternately
displayed for blinking; however, the blinking peried attribute (time
on and time off) can alsc be set in register R#l31.

R #12 R #7 R $12

|¢— On time —>[ &=— QOff time —|

Msa 7 6 5 4 3 2 1 0 Lss

R#13 fon [onz |ony fono |or3fora [cr1]oro| Brinking period register
— ] L i

ON time QFF time

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

DATA (Binary) TIME (ms)
cooo 0
0001 166.9
0010 333.8
0011 500.¢6
0100 667.5
0101 B834.4
0110 1001.3
c111 1168.2
logo 1335.1
1001 1501.9
1010 1668.8
1011 1835.7
1100 2002.6
1101 2169.5
1110 2336.3
1111 2503.2

FR——
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Example of VRAM allocation in TEXT 2 mode

0000408

00B70H
OO0AOQH

00BOEH
010008

01800H

02000H

02870H
02A00H

02BOEH
03ooer

Q3B00H
04000H

1FFFFH

Pattern
Name
Table ¢

- Color -
Table O

Pattern
Grnerator

Table 0

Fattern
Name
Table 1

—Calor —_
Table 1

Pattern
Generator
Table 0O

Pattern name table base address

mwse 7 6 5 4 3 2 11 0 LS8

e [Ee oo oo o]

Alé A15 Al4 A13 A12

Color table base address

MsE 7 6 5 4 3 2 1 0 LsB

N S CE ES C ES EN EN S
A3 A12 R11 MID A9

xe20 [0 Jo o o [oJo]o]o|

Rl6 a15 AL

Pattern generator table base address
HSB?GS43210LSB
o|o|olu|o|1|L]

A6 AlS Al4 AI3 A2 All

R4 c

i ted in
A maximum of 16 pages may be alloca
the same manner (using a 12BK-byt¢ VRAM] .

19
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MULTICOLOR MODE

Characteristics

- Screen composition
Color blocks
Sprite mode
VRAM area per screen

Controls

Color block color code
Color block location
Background color code
Sprites

Initial Settirgs

1.

2.

LTI T}

64 (w) x 48 (h) color blocks
Sixteen colors out of 512 colors

Sprite mode 1
4R bytes

VRAM pattern generator table
VRAM pattern name table
Low-order four bits of R$7
VRAM sprite attribute table
VRAM sprite pattern table

Mode and Register Settings

R#0

R#l

R¢8

R#9

*

MSB 7 €

5 4

3 2 1 a LS8

KL

{re2]1e1] o+] o] 0+ 0 | Mode register 0

———

MS LP

0 oL |1E0] q:l 1#} 0 [sr |uaG] Mode register 1

TP ;B

i r—

VR | 0 |SPD[BW | Mode register 2

[y To

éf:Iso

1L [E0 #*NT|DC | Mode register 3

Examples of

settings the display mode to the MULTICOLOR mode

** Indicates negative logic

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
approximately 8 x 8 when the dots available for the screen display
area is 256 x 192 dots,

~— B8 dotg —=
A B |
For each block A, B, C,
8 dots and D, sixteen colors may
be specified.
c D

20




Pt

V9938 MSX-VIDEO USER'S MANUAL

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

MSB 7 6 5 4 3 2 1 0 LS8
L Célorjcodérh | Cé}o{:;odé E_]

[ Célor:codé c I Célor:codé D I

- In the MULTICOLOR mode, for each pattern name, there are four
corresponding coloer blocks, and according to the y-coordinate, the
pattern names are automatically set.

Mése 7 €6 5 4 3 2 1 0 IsB

— AlB Color code A Coler code B Pattern when
+ + + + ¥ + ¥=0, 4, 8, 12, 16,
o D Co{o: gode.c Co%or codelD or 20 is selected
E F Color code E Color code F Pattern when
} $ —t + + + Y‘lf 59 9, 13; 17;
Pattern G H Color code G Color code H or 21 is selected
name . . . . 4 L
N
I J Color code 1 Color code J Pattern when
: + : } } + Y=2, 6, 10, 14, 18,
K L Co%or code.x Color godelL cr 22 is selected
M N Color code M Color code N Pattern when
} } L + } 4 ¥=3, 7, 11, 15, 19,
— (o] P Co%or coder Color gode'P or 23 is selected

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

MSB 7 é 3 4 3 2 1 ] LsB

R&d [o {o [msfas|adfms|uzfm pg:::::dg:::a::;ig:ie

Pattern generator table

0 Base address
Pattern name 40
(Eight bytes)

8
Pattern name #1
(Eight bytes) ~
16 .
2040
Pattern name #2555
(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 unique

Pattern name table

a 1 2 3 « .

-

one byte for each screen
pattern number.

1 x

0 0 1 2 2] . .

k1

1 2] 33 34 35] . .

61

22 704} 705 . . . s
23 736] 137 . - .

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

MSB 7 ] 3 4 3 2 1

735
767

the pattern name table in

0 L=

R#2 [o {a16{a1s [ara [ar3 [mz]ar

AlQ | Pattern name table

Pattern name table

Base address
( 0, 0) o
(1, 0} 1
( 2, 0) 2
(31, o} il
( 0, 1) 32

YT

(31,23 767

22

base address register
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4. Ceolor register pettings

MsB 7 6 5 4 3 2 1 0 LsB
R#7 TCJ3 |TC2 |TC1 [TCO|BD3 {BD2 |BD1}BDU| Text color/Back drop color
register

Specifies backdreop 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 SPRITE MODE 1.

MSBE 7 6 5 4 3 2 1 0 LS8

RES [afasfmz[mafaro]as Jas a7 | sprite attribute table
base address register

reir JofoJao]o]o [as[as]

R¥6 o | o [melars|asfas|mafarr] sprite pattern generator
table base address
register o

23
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Example of vRAM allocation in MULTICOLOR mode

0Goooy

0G400H

007004

00800H

00CO0H

01000H

1FFFFH

Sprite
Generator
Table
(1024
bytes)

Pattern
Name
Table
(768
bytes}

Sprite
attribute
table
{128
bytes}

Pattern
Generator
Table
(2048
bytes}

00700H

U0780H

008001

A maximum of 32 pages may be allocated in
the same manner (using a 12B8K-byte VRAM).

24
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GRAPHIC 1 MODE

Characteristics

[ I S I I

VRAM

Pattern size
Patterns

Screen pattern count
Pattern colors
Sprite mode

LU L

256 types

Sprite mode 1
4K bytes

[ I TR

area per BCreen

Controls

~ Pattern font
- Screen pattern location

8 dots (w) x 8 dots (h)

32 (w) x 24 (h) patterns
16 colors out of 512 colors (per screen!

VRAM pattern generator table
VRAM pattern name table

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

- Background color code

- Spri

pattern table

Initial Settings

1. Mode and Register Settings

R#0
kil
R#8

R#S

*
*h

MSB 7 6 5 4 3 2 1 0 LSB

| 0 |DG |lmz|m 0% oj o*| 0 | Mode

| o |BL [ze0] o0+] o] E_Tsx Jvag| Moge

us [re [re [ |vr [ o [seo[sw | mMoce

wy [ e [s1 [so |1 |eo *enrfpc | Moce

Examples of settings in GRAFHIC 1 mode
Indicates negative logic

25

: Low-order four bits of R#7 )
tes 3+ VRAM sprite attribute table, VRAM sprite

register
register
register

register

L S —
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2. Pattern Generator Table Settings

register

R4,

MSB 7 6

R#4

The pattern generator table is an area that stores the pattern fonts.
Each pattern has a number from PNO to PN2S5.
The font for each pattern is constructed from 8 bytes.

Set the beginning (head) address of the pattern generator

5 4 3 2 1 0 LSB

[0 | o Jmsfars|ara[ms|azfarr] pattern generator tanie

Pattern generator table

(X=1, O=0)

MSE

WSkt O

[y
o

e
Iy

2040
2041
2042
2043
2044
2045
2046
2047

76543210
OOXXX000
0X000X00
X00000X0
X00000X0
XXXXRXX0
X0Q000X0
X00000X0
CO0000C0O
XXXXXX00
XOC00GX0
X00000X0
XXXXXX00
XC00000X0
X000CCKO
XXXXXXCOo
00000000

XOXOX0XC
QXOX0XOX
XOXOXQXQ
OXOXO0X0X
XOX0X0X0
OXOXOXOX
XOXOXOX0
QAOXOXOX

Base address

b= Pattern nunker 0

| Pattern number 1

—-= Pattern number 255

28

base address reqgister
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3. Pattern name table settings

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

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

MSB 7 é 5 4 3 2 1 0 L.SB

Ri2 O_JAIG!AJSIA14IA13J§12'A11 210| Pattern name table
bage address register

Pattern name table

Base address
(0, 0} 0 0 1 2 3 « 31 X
(1, 0} 1l 0 0 h 2 31 . . 3
(2, 0} 2 1 azf 33 34 1-7 £3

22 | 704] 705 . . . . 735

(31, 0 31.
(6,1} 32

23 736} 737 . e . 767

Y

i § . Screen display correspondence

(31,232 767 (byte)

4. Color register settings

Msp 7 6 5 4 3 2 1 0 LEB

RE7 c3|rc2 |1 [zco [B3 [BD2 [BD1 [BDO| Text color/Back drop
¢olor recister

Specifies backdrop coler
code
Ignored

3. 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 Ri3
and R#10.

27
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MSE 7 €6 5 4 3 2 1 0 LS -

R#3 a13{ar12|a11|atofas [as [a7 Ja6 | color table base acaress
R$10 [ o fo]oJofo |A16[A15[§14 register

Color table

Color code for part 1

Color code for part O
L T =

MsB 7 6 -1 4 3 2 1 0 LSB
Base address

0 FC3|FC2|FC1|FCO|BC3}BC2|BC1l{BCO{ Pattern Nos., 0 to 7
1 FC3JFC2IFC1|FCO|BCI|BC2[BC1|BCO| Pattezn Nes. 8 to 15
31 FC3{FC2|FC1{FCO|BC3|BC2{BCL|BCO]| Pattern Nos. 248 to 255

6. Sprite settings

- Set the beginning (head) address of the sprite attribute table in
registers R$#S and R#1l: and set the beginning (head) address of the
sprite pattern generator table in register R#6. For details on
sprites, see the section on SPRITE MODE 1.

MsB 7 § 5 4 3 2 1 0 LsB

R#5 aafazlaz[ai|aofas Jas [a7 | sprite ateribute tabie
R#11 o JoJo] o] o] o [as[as] base address register

RE6 | o | ¢ Jas[arsfarafars]mz]ai] sprite pattern generator
table base address
register

28
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Example of VRAM allocation in GRAPEIC 1 mode

oocoon

04004

Q07008

008c0R

00CO0R

01000H

1FFEFH

Sprite
Generator
Table
{1022
bytes)

Pattern
Name
Table
(768
bytes)

Sprite
attribute
table
(128
bytes}

Pattern
Generator
Table
(2048
bytes)

Color

table
(32 bytes)

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

00700H

00760H

QO7A0H

00BO0OH
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GRAPHIC 2 AND GRAPHIC 3 MODES

Characteristics

- Pattern size
Patterns

Screen pattern count
Pattern colors
Sprite modes

768 types

- a0 s 4 w»

8 dots (w) x 8 dots (h)

32 (w) x 24 {(h) patterns
16 colors out of 512 colors (per screen)
Sprite mode 1 (GRAPHIC 2)

Sprite mode 2 (GRAPEIC 3)

VRAM area per screen : 16K bytes

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

Sprite modes.

Controls

- Pattern font
— Screen pattern location
- Pattern color codes 1 & 0 : Can be specified as

VRAM pattern generator table
VHRAM pattern name table

a group for each

taster, in the VRAM coler table
- Background color code : Low~order four bits of R#7

- Sprites
pattern table

Initial Settings

1. Mode and Register Settings

MSB 7 6 5 4 3 2 1 ¢ LsB

R$0 [0 {os [ize[rmr] o[ a+T &+ 0 | moce
a, 1

1,0

R#1 [ o st [ze] o+] o+] o [s1 Jwag] mode
R48 [4s Jre Jre Jce Jva [ o iseo|aw | Mode
R#9 fta ] o Js1 so [m Jeo *n1fnc | Mode

VRAM sprite attribute table, VRAM sprite

register 0

for GRAPHIC 2 mode
for GRAFHIC 3 mode

register 1
register 2

register 3

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

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

The pattern generator table is an area that stores the pattern fonts.
Each pattern group has a number from PNO to PN255; and since each
group may have three members, 768 patterns may be specified.

The font for each pattern is constructed from 8 bytes.

Set the beginning ?:ead) address of the pattern generator table in
register Ri4.

Msg 7 6 5 4 3 2 1 ¢ LsB

RE4 [o]o ]ms]ms[au];m] 1] 2| g:;ze;gd?::::::;;szsu

3. Color table settings

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

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

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

MSB 7 6 5 4 3 2 1

0
R#3 a1 [aJ1JaJa]1]1] color table base address -
rt1io [oJoJoJo[o a6 [ars[ars] register

4., Color register settings

LEB

MSB 7 6 5 4 3 2 1 0 LSB

RE? TC3 -rcz]-rc1|-rco]nnslan2|an1|sno| Text color/Back drop
color register

Specifies backdrop color
code
Ignored

3l
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Pattern generator table

(X=1, O=0)

Pattern numter 0

Pattern number 1

Pattern number 255 —

Pattern generator
table

256 patterns
for upper
third of
sCreen

(2048 bytes)

2048
256 patterns
for middle
third of
screen

(2048 bytes)

4096
256 patterns
for lower
third of
screen

(2048 bytes)

6l44

WDONRAL A N ~O

MSB

Ll ad el ol aa]
oo

-
L] L] u

2040
2041
2042
2043
2044
2045
2046
2047

Color pattern 1
Color pattern 0

76543210 LSB
DOXXX00Q
0X000X00
X00000X0
100000X0
AXXXXXXO
%00000%0
X00000X0
00000000
XXXXXX00
X00000%0
X0O0000X0
XXXXXX00
X00000X0
X00000X0
XXXXXX0O
00UOUO00

XOXOXOX0
OXOXOX0X
X0X0X0X0
0XOXoX0ox
XOKCXOXO
OX0X0X0X
b.(u} (o} (o} (s}
0X0X0X0X

MSB 76543210 LSB

00000000
0CO00000
QO0000GH
00000000
00000000
00000000
00000600
00000000
00000000
00000000
QC000000
00000000
00C00000
Q00C0000
C000C000
00000000

C000C00C0
00000000
C0000000
Q0000000
0QOCO000
0C000000
Q0000000
00000000

llll

Color table

256 colors
for upper
third of |
sCcreen

(2048 bytes)

256 colors
for middle
third of
screen

(2048 bytes)

256 colors

for lower
third of
screen

(2048 bytes)

3z

Base address

Opper
Third

Midéle
Third

Lower
Third

Display screen
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3. Pattern name table settinge

- The pattern name table is composed of one byte for each screen

pattern. Each byte specifies a unique pattern.

= The upper, middle, and lower parts of the pcreen can be used as
three different parts, for a total of 766 patterns.
Pattern name tahle
{ 6, 0} Pattern display area for upper {31, o)
third of screen (256 bytes)
(o, 7 (31, 7
(0, & Pattern display area for middle {31, 8}
third of screen (256 hytes)
( 0,15 {31,15:
{ 0,15 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 R32.
sz 7 €6 5 4 3 2 1 0 LsB
R#2 o fai6]ars|aajaizfarz|arr[aro| ractern name tabie

Pattern name table

Base address
( 0, 0) 0

of screen

1, N 255

(0, 8 256

of screen

(31,15 511

¢ 0,15 12

of screen

(31,23) | 767 (byte)

3

base address register

(1, O l — For upper third

— FPor middle third

— For lower third
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4. Eprite settings -

= Set the beginning (head) address of the sprite attribute table in
registers R#5 and R#ll; and set the beginring (head) address of the
Sprite pattern generator table in register R#6. For details about
gprites pertaining to GRAPHIC 2 mode, Bees the section on SPRITE MODE
l, and for <Qetails about sprites pertaining to GRAPHIC 3 mode, see

the section on SPRITE MODE 2.
MSB 7 6 5 4 3 2 1 0 LsB

RS [atsfars[mz2]ar1ato] as] as] a7) sprite attribute tabie
R#1l [ a I 0 ' 0 I 0 I 0 l 0 la16,a15| base address register

R#6 l_? I 0 IAISIAISIA14IA13IA12IAEE] Es;i:ebgggtgégrg::e:ator

tegister
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Example of VRAM allocation in GRAPHIC 2 mode

£o000H

00800H

c1000H

01 BOOH

020008

62800H

03000H

03800H

03BOOH
04000H

1FFFFH

Pattern
Generator
Table

Upper

Pattern

Geperator
Table

Middle

Pattern
Generator
Table
Lower

Sprite
generator

table

Color
Table

Urper

Sprite
attribute
table

Color
Table

Middle

Coloer
Table
Lower

Pattern
Name
Table

g

A maximum of 8 pages may be allocatec ;n
the same manner (using a l1IE8R-byte VRRM).

35

01800H

¢1CO0H

¢lCa0H

02000E
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Example of VRAM allocation in GRAPHIC 3 mode

o0goog

00800H

Q0l000H

01800H

02000H

028008

03000H

03 BOGH

03B00AH
04000H

1FFFFE

Pattern
Generator
Table
Upper

Pattern
Generator

Table
Middle

Pattern
Generator
Table
Lower

Color
Table
upper

Color
Table
Middle

Color
Table
Lower

Pattern
Name
Table

Sprite
generator
table

Sprite
color
table

Sprite
attribute
table

A maximum of 8 pages may be allccazed in
the same manner (using a 128K-byte VRAMI.

k1]

01B800H

G1COC0H

01EQQH

0l1EBOH

020008
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GRAPHIC 4 MODE

Characteristics

Bit-mapped Graphics Mode
Screen size : 256 (w) x 212 (h) dots
256 (w) x 192 (h) dota
Screen colors t 16 colors out of 512 colers (per Ecreen)
- Sprite mode : Sprite mode 2

- VRAM area per screen 32K bytes

Controls

- Graphics ¢« VRAM pattern name table

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

- Sprites 1+ VRAM sprite attribute table, VRAM sprite

pattern table

Initial Settings
1. Mode and Register Settings
MSE 7 6 5 4 3 2 1 ¢ LSB

rto | o foe [re2]ze1] o+] 1+ 1¢] 0 | Mode register o -

R$1 [ o |r |1z0f o*] 0+] 0 |s1 |MAG| Mode register 1
Ri8 [s Jue 72 Jcs [va [ o Isep|w | mode register 2
R#9 [ty ] o [s1 [so [1o [eo #+nt{nc | Mode register 3

* Examples of settings in GRAFHIC 4 mode

** Indicates negative logic )

In GRAPHIC 4 mode, if LN is set to 1, the screen height is 212 dote,
and if LN is set to 0, the screen height is 152 dots.

All other bits are set accordingly.

a7
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2. Pattern name table settings -

- The pattern name table 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 colors out of 512 colors.

X
o, 0)]{1,0) (254, Q)|(255, O
(0, 1} (25%, 1)
Y
X, Y

(0,151 (255,191}
. aes . crarse s trs s maan IN = 0

(0,211) (255,211
e rereraser e ee e em ey v vmr Ao LN = 1

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

register R#2,
M5B 7 ] 5 4 3 2 1 0 LsB

2o Lofmelmslafafafafa] pacvers name sabte

Theee two bite specify
the page to display
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Pattern name takble

MSB 7 [ L f 3 3 2 1 0 LSB
1 i 0: 0; E 177 05 Base address
'l L F I 2 [
2 t 2, m t 3, 0 Set the eclor code for each
A i = . -1 - dot in this table.
T T T ¥ T T
127 (254, 0) {255, 0)
L 3 [ ] '] 2
128 ( o, 1) {1, 1)
L I £ g e A
27134 (252,211) (253,211)
1 M 1 1 i [
27135 §254,211) (255,211}

3. Coler register settings

MSB 7 6 S5 4 3 2 1 O LSB

RE7 [res]rcafrer|reolap3fep2|sp1[en0] Text corersmack arop
color recister

Specifies backdrop color
code
Ignored

39
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4. Sprite settings

- Set the beginning (h
R#S and R
rator table in register R16.
ction on SPRITE MODE 2.

registers
Sprite pattern gene
gprites, see the se

R#5

R#l11

Ri6

msp 7 6
@[ua|uz|u1[mo| 1 [ 1] 1] sprite attribute table

[ofoJoo]o]o[meas] base address registe:

[o]ofas

ead) address of the sprite

attribute table in

#11; and set the beginning (head) address of the

3 2

For details about

0 LsB

Al4]al3

a12|A11

Example of VRAM allocation in GRAPHIC 4 mode

GQ000H

020004

04000H

060008

Q6A00H
070008

08000H

1FFFFH

Pattern
name
table

192 lines

212 lines

—

- 9 ¥ e 8

™,
.,
s,

Sprite

generator

table
(2048

bytes)

Sprite
color
table
(512
bytes)

Sprite
attribute
table
(128
bytes)

070008

076800H

07AOQH

07AB0H

08000d

Sprite pattern generator
table base address
register

A maximum of 4 pages may be allocated in
the same manner fusing a 128K-byte VRAMI.

40
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GRAPHIC 5 MODE

chafacteristics

- Bit-mapped Graphics Mode
- Screen size 812 {(w) x 212 (h} dots

512 {w) x 192 (h} dots
4 colors out of 512 colors (per screen)
Sprite mode 2

Screen colors
Sprite mode

1
" o

- VRAM area per Bcreen 32K bytes

Controls

- Graphics :+ VRAM pattern name table

- Background ceclor 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

RE0 [0 Joc fre2[1ea] 2¢] o+] o+] o | Moge register 0
R#1 [ o]sL [1z0] o+ o+] o |s1 |MAG| Mode register 1
RS [ws Jue Jrr |8 Jvr | o |seo[sw | Mode register 2
RE9 [tv | o {s1 |so | |e0 r*_ﬁ"'r__n? Mode register 3

* Examples of settirngs in GRAPHIC 5 mode

** Indicates negative logic

In GRAPHIC 5 mode, if LN is set to 1, the screen height is 212 dots,
and if LN is set to 0, the screen height is 152 dots.

Al other bits are set accordingly.

41
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2. Patterp page table settings -

~ The fatpecn name table is composed of one byte for every four
on the gereen. A color can be assigned for each dot from a
selectign of 4 colors ocut of 512 colors.

mrréBEsvessEBERTRITEEL S

ta, o3ftr,0 (510, O l¢s11, 0)

o, n 511, 1
Y X, ¥)

\\\‘£=~.

(0,131) {511,191}

(0,211} (511,211)

dots
LN =0
LN =1

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

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

RE2 I 0 [Alﬁl&lgfil 1 1 I 1 I 1 | 1l I 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 LsSB

o | co, mlc1, |2 0fc3, 00l Base agdress

1 t4, )]s, oyx|lec6, )]t T, OO Set the color code for each
L . A L dot in this table.

- -

1 T T T
127 |s08,00 | (509,00 | (510,00 ] (521,0)
126 { co, ], ]tz n]cs

27135 (511,211)

3. Color register settings

MSB 7 6 S5 4 3 2 1 0 1sB

RE7 |ze3{rc2|rc1[rcafsp3]rn2[aD1]5100] Text color/Back drop

Specifies backérop color
code
Ignored

4. Sprite settings

- Set the beginning (head) address of the sprite attribute table in
registers R#5 and R#l1; and set the beginning (head) address of the
sprite pattern generator table in register R#6. FPor details about
eprites, see the section on SPRITE MODE 2.

Mse 7 6 5 4 3 2 1 0 1LsB
RIS [mefms|az]aafaro] 22T 1] sprite attribute ranie

Rl | o[ o] o] o] o] omefars] vase address register

RE6 [o] 0 {216 [a15] A1 4 ax3] a12] an1] Eg;{:ebfzztgggrg::erator
register

43
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Bardware tiling function

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

In GRAPHIC § mode. the gsize of one dot of a sprite is apgroximately
twice that of a graphics dot; however, when this tiling functicn is
used, one dot of & sprite may be displayed in two colors.

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

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

Two graphics dots

A sprite dot

XXX

M5B 1774/ L Bits specifying sprite colors(4 bits)
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gxample of VRAM allocation in GRAPHIC 5 mode

gp000H
Pattern
name
62000H table
p4000H
1592 lines
060008
Sprite
212 lines generator
06A00H table
(2048
07000H bytes)
Sprite
color
table
(512
bytes
Sprite
attribute
table
(128
bytes}
0BOOOH

LI T

1FFFFH |—]

A maximum of 4 pages may be allocated in
the same manner (using a 12BE-byte VRAM).

45

07000H

07B00R

07200H

07A80H
08000K
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GRAPHIC ¢ moDE

Characteristics

= Bit-mapped Graphics Mode

= VRAM area per screen

»

812 (w) x 212 {(h) dots

512 (w} x 192 (h} dots
16 colers out of 512 colors (per screen)

Sprite mode 2
128K bytes (Two screens)

*”

Screen size

Screen colocs
Sprite mode

To 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 t VRAM sprite attribute table, VRAM sprite

patktern table
Initial Settings
1. Mode and Register Settings
MSB 7 6 5 4 3 2 1 ¢ LSB

RI0 | o |oe [re2f1er| 1+ o] 1¢] 0 | Mode register o
R#l { o foe Juzo] o] o+] o s1 Jwac] mode register 1
RE8 fus Tur [Tp [ [VR [ 0 [sPp[BW | Mode register 2
R#9 [ty [ o |s1 [so [ Jeo dsnt]oc | moce register 3

* Examples of gettings in GRAPHIC 6 mode

** Indicates negative logic

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

All other bits are set accordingly.
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2.

Pattern name table settings

- The pattern name tazble is composed of one byte for every two dote on

the

gcreen. A color can be assigned for each dot from a selection
of 16 colors out of 512 colors.
X
(o, o0)j€Q1.0) (510, 0)](511. Q)
(0, 1} (511, L)
X, )
(0,191) (511,191)
. T T D LE = 0
(0,211) (511,211)
. .- ceeeanann L =1
- Set the beginning (head) address of the ~pattern name table in
register R#2.
MSB 6 4 3 2 1 0 LS
[ 0 , 0 'AJG ]1 1 1 1 1 Pattern name table

R§2

&Fa

ifies the page to displag
odes, the position of Al

47

base address register

(In G5 and
differs}).
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Pattern name table

¥sp 7 6 5 4 2 1 o0 .Lss
0 ( o: 0) { 1, 0} Base address
1 i 2: of i 3; 0; Set the color code for each
2 L . . = . dot in this table.
I H
1 i
| |
T T L] L T T
255 (510, 0} (511, 0)
256 ( 0, 1) ¢ 1, 1
[ 3 L L A ) N
i I
] ]
! |
T T T L] L] L]
54270 (508,211} (509,211)
Il 1 L L e :
54271 (510,211) (511,211)
L AL L 1 1 "

3. Color register settings

MSB 7 § 5 4

3 2 0 Lss

RY7 {rca|rezre1]rcosp3[so2[BD1]B00] Text color/mack arop

coler register

Specifies backdrop color
code

4. Sprite settings

- Set the beginning (head)

registers R#5 and R#1l;
sprite pattern generator
Eprites, see the section

MsB 7 6 5 4

Ignored

address of the sprite attribute table in

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

on SPRITE MODE 2.
3 2 1 0 LsB

RES (malasazfanaro] T 71 [ 1] sprite attribute tabie

R#L1 [o]o]ofo

I 0 l a [Alsliigl base address register

R#6 [70 ['0 |AlGlAlS,A14,A13lAlzlAif] Sprite pattern generator

table base address
register
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Example of VRAM allocation in GRAPHIC 6 mode

000008

04000H

08000H

ocooon
0D400H

0F000H
100008

1FFFFH

Pattern
Name
Table

192 line

212 line

Sprite
generator
table
(2048e
bytes)

Sprite
color
table
{512
bytes)

Sprite
attribute
table
{128
bytes)

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

49

OF000E

OF800H

GFAOCH

OFABOH
100008
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GRAPHIC 7 MODE -

Characteristics

Bit~-mapped Graphics Mode

Screen size s 256 (w) x 212 (h) dots
256 (w) x 192 (h) dots

Screen colors : 256 colors (per screen)

Sprite mode 1 Sprite meode 2

VRAM area per screen : 128K bytes (Two screens)

* Tq yse this mode, the VRAM must have 128K bytes.

Controls

- Graphics : VRAM pattern name table

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

- Sprites s VRAM sprite attribute takble, VRAM sprite

pattern table

Initial Settings

1‘

Mode and Register Settings
Mz 7 6 5 4 3 2 1 0 LSB

R#0 [ o [pa [ze2]zz] 2+] 1+ 34] o | rode recister o

REl [0 Jer fieof o+} 0+f o [s IMAGI Mode recister 1

RE8 {vs Jue Jrr [ Jvn ] o [seofsw | mode register 2
RE9 [ty | o {s1 |so }m {0 +ar|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
456 colors.

X
(0, 03}1(1,0) {254, 0)](2585, 0}
(¢, 1) (255, 1)
Y {x,Y)

(0,191) (255,191}
Lhsatisses s anandasrsearann Lo ssnesaan nm weeen LN =0

{0,211) (255,211)
S R =1

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

MsB 7 6 5 4 3 2 1 0 LsB

me [ofofusu [oJaals Joaseers oome iiic

L s5pecifies the page to display; in the G6
and G7 modes only, the location eof the Alf
bit differs.
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Pattern nane table

MSB 7 6 4 3 1
T 1] T
0 o, 0
1 t [ ]
LE L] LI
1 1, 0
3 L 1
GREEN "RED BLUE
b
255 255, 0}
[ ] L
256 0, ' 1)'
I
]
I
54270 ;54,:211f
4
54271 255, 211)
1 L L

3. Color register settings

MSB 7 6

5 4 1

1

LSB

Base address

Set the color code for each
dot in this table.

LSB

R§7 amlans[ens|gna|ans|anz|sn£hana] Text color/Back drop

color register

4. Sprite settings

Specifies backdrop color
code

- 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 SPRITE MODE 2.

MsB 7 6

5 4 3

1

LS8

RES jrearsarafaafaro] 1 T2 [1] sorite aterivute tanie |

Rt11 oo ]ofo]o]o]ae]as] base address register

RE#6 {_0 J 0 lAlE[AlSlAJAlAl]IAlZIAli] Sprite pattern generator

52

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

00000H
Pattern
Name
Table
040004
08000H
f JFo00H
)} Sprite
192 line '] generator
0COOOR .| table
212 line N (2048
0D400H . bytes)
J QFB0O0H
M Sprite
N celor
N table
: (312
: bytes
: OFAQOQH
: Sprite
. attribute
table
(128
bytes)
OF000H OFAB0H
100008 10000H
A maximum of 2 pages may be allocated in
the same manner (using a 128K-byte VRAM).

1FFFFH l——‘

53




COMMANDS “*

1. Types of Commands

It 1s very easy to use MSX-VIDEO commands' to perform functions such as
LINE and PSET for use with graphics, and for transferring parts of the

SCreen,

Summary of Commands

Command Name |[Destination [Source Late |Mnemonic|CM3|[CM2[CM1|CMO
ligh-speed VRAM Cro Byte HMMC 1 1 1 1
move VRAM VERAM Byte YMMM 1 1 1 1}
VRAM VRAM Byte EMMM 1111011
VRAM vDP Byte BMMV 1 1 0 0
Logical move VRAM CPU Dot LMMC 1 i1 1
CPU VRAM Dot LMCM 1 1] 1 0
VRAM VRAM Dot LFMMM 1 0 0 1
VRAM vDP Dot LMMV 1l 0 0 1]
. Line YRAM voP Dot LINE 0 1 1 1
" | Search VRAM VDP Dot SRCH 0 1 1 0
Pset VRAM vDp Dot PSET 0 1l 0 b
Point VLP VRAM Dot POINT 0 1l 0 0
Invalid Q 0|1 1 ~
Invaliad Q 0 1 0 o
Invalid ¢ 0 0 1
Stop ] 0 0 0

- Commands are executed in the MSX-VIDEO by writing the @ata intc R#46
(the Command Register, hereafter abbreviated CMR), and setting bir C
of status register S#2 (CE/Command Execute) tc 1. Before this can
be .dene, the necessary parameters must be first have been set in
registers R#32 to R#4S.

- When the command execution is complete, CE is set to 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 (Graphd to Graph?).

54




V9938 MSX-VIDED USER'S MANUAL

2. Page Concept

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

When a sgcreen ie to be displayed, 212 lines of the same page are
displayed (selected by R#23). To select the page to be displayed, use
RE2.

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

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

GRAPE 4 Address GRAPH 5
00C00H
{(0,0) (255,0) (0,0} (511.0)
Page 0 Page 0
(0,25%) (255,255) (0,255) {511,255)
08000H
{0,256) (255,256) (0,256) (511,256)
Page 1 Page 1
(0,511} (255,511 (0,511} (511,511}
10000E
(0,512) (255,512) (0,512) (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
GRAPH 7 GRAPE 6§
000008
(c,0} {255,0} {0,0} (511,0)
Page 0 Page O
{0,255} {255,255} {0,255} {511,255}
l1ca00p
(0,256) (255,256) (0,256} {511,256)
Page 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
MSX-VIDEO, the operations may be performed on the color on the screen,
To do logical operations on the MSX-VIDEQ, write the lower four bits
of dR!lG (Command register) simultaneously when you specify the com-
mand.

Summary of Logical Operations

Name Operation LO3|LO2 [LO1{LOO
IMP DC=5C 0 0 0 0
AND PC=5C*DC ¢ 0 0 1
OR DC=5C+DC — o]lol1l1}o0
ECR DC=5C*DC+SC*DC 0 0 1 1
NOT DC=5C 0 1 0 0
—— Y 1 o 1
—-—= 0 1 1 0
-_— 0|1 |1}
TIMP if sSC=0 then DC=DC else DC=SC 1 0 0 0
TAND if 5C=0 then DC=DC else DC=SC*DC 1 C 0 1
TOR if 8C=0 then DC=DC elze DC=SC+DC — 1|1¢}l]o
TEOR if sC=0 then DC=DC else DC=SC*DC+SC*DC 1 0 1 1
TNOT if 5C=0 then DC=DC else DC=SC % i g g
- 1i1]11}0
-—— 11141

* 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 BMMC command transfers data from the CPU to the Video or expansion
RAM 1in a specified rectangular area (in x-y coordinates) wvia the MSX-
VIDEO.

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

-ig a limitation, according to the display mode, on the value for x.

Video or Expansion RAM

{DX.DY)
~>» DIX
RX MSX- CPU
NY * VIDEQ| €«—
¢ DIY
4.1.1 HMMC Execution Order
1. First, set the necessary parameters in the command register of

the MSX-VIDEO.

MXD: Select destination memory
B: 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: Pots to move in x-direction (0 to S511) *1}

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

*1 DNote 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 destinaticn

0: Right
l: Left
DIY: Direction for NY from y-coordinate of destination
0: Down
l: Up

CLR (R#44:Color register}):
Pirst byte of data to be transferred

2. After you specify the above data, execute the command by writ-
ingl1111000C0B into the CMR(R#46:Command register).

3. while checking TR and CE in Status Register S5#2, send the
second byte and all bytes follewing into the CLR register.

87




V9938 Mgx_vipEQ USER'S MANUAL

4.1.2 g5erting up the HMMC register

Ri36
R#37

Ri3s
R#39

R#40

R#4l

R#42
R#43

RE44

R#45

msa 7 6 5 4 3 2 1 0 L5B
px7|DX6|DX5|DX4 px3]ox2|DpxX1|DX0
DX
1] 0 0 0 01 0 0 |px8
Basic
degtination
py7|pYé|DY5[DY4[DY3|DY2 pYljDYd peint
DY
0 0 0 0 0 0 {DY9|DY8
Nx7| wxe | ns | NX4| NX3| NK2 | NX] NXQ
NX — Number of dots
0 0 [ 0 1] 0 0 fnxs to transfer.,
x-direction
Ny7] Nye | NYs |wyd | ny3| wy2 Nyl NYO
KY — Number of dots
i} 1) 0 0 0 0 {NY3|NYB to transfer,
y-direction
cp7tcné |crs |crR4| crA | CcR2| CR1[CRO CLR (G4, G6) =
X=2N X=2 N+l (N=0,1,...127)
cr7| crs | crs| cr4| cR3 | CR2| CR1|CRO CLR (GS) L Data to
transfer
X=4N XedN+l X=4N+2 X=4N+3 {¥=0,1,...127)
cR7|cRrs |cR5 |cr4 | cRI|CR2 | CRY |CRO CLR (G717} ——
Cne dot
0| - |mxp] - [DIY{DIX} - { - ARG — Argument
register

Data transfer direction (x)

| . pata transfer direction (y)

Data destination select
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4.1.3 Execution of HMMC commands

MsB 7 6 5 4 3 2 1 0 Lss

R#46 1l 1 1 1 - - - - CMR

4.1.4 Flowchart of HMMC execntion

HMMC START

|Setup MSX-VIDEO |
1

| Execute Command |

|
]
[ Read Status Register #2]

Ho (CE=l)

Yes {CE=0)

Transmit Ready?

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

|pata Transmit |
J

!
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4.2 YMMM (High-speed move VRAM to VRAM, y only) 4

The YMMM command 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 DY.
Video or Expansion RAM

(DX, DY)

(DX, 5Y) — DIX
NY

l DIY

4.2.1 YMMM Execution Order

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

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

D¥: Rasie x-coordinate of source point (0 to 511) *1
S¥: Basic y-coordinate of source point (0 to 1023)

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

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

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

0: Right
l1: Left
DIY: Direction of source point from NY
0: Down
1: Up

2. After you specify the above data, execute the command by
writing 1111 00 6 0 B into the CMR(R#46:Command register).

3. The above procedure will execute the YMMM command in the MEX~
VIDEO. While executing the YMMM 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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4.2.2 Betting up the YMMM register
M5B 7 [ 5 4 3 2 1 0 LSB
R#34 5Y7|5Y6|5YS5|sY45Y3|SY2|syl|Ssye
sY
R#35 Q 0 0 0| & | 0 |SsY9|SYB
Basic transfer
R1236 DX7|DX6|DXS|{DX4]|DX3[DX2]DX1|DX0 point
DX
R#37 0 0 0 0 0 0 0 |DX8
R$38 DY7|(pYs{DY5{DY4]|DY3|DY2[DY1|DYD
DY Destination
R#39 o 0 0 v} 0 0 |DY9|DYB transfer point
R#42 NY7 | NY6|NYS|NY4 | NY3 |NY2|{NY1|NYO
‘ NY — Number of dots
R#43 0 0 0 0 0 0 |NY9|NYE to transfer,
y-direction
R#45 0 - |MXp| - [PIY[DIK| - | - ARG = Argument register
Data transfer direction (x)}
Data transfer direction ({y)
Data destination select
4.2.3 Execution of YMMM Commands
MsB 7 6 5 4 3 2 1l 0 LSB
R#46 1 1 1l 0 - - - - CMR
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4.3.2

R#32

R#33

R#34
R#35

R#36

R#37

R&38
R#39

R#40

R#4l

Ri42
R#43

R$45

4.2.3

R#46
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The above procedure will execute the HMMM command in the MSX-

VIDED. While executing the HMMM command, the CE bit of the

status register (S#2)} will be get to 1, and when the command is
complete, it will be reset to 0.

Setting up the HMMM register
MSB 7 ] ) 4 3 2 1 0 LSB

5X7|SX6]|SX5]| SX4| 5x%3} SX2}8X1| 5x0
5x
0 0 o 0 0 [+] 0 |8X8
Basic transfer
point
SY7{S5Y6|SYSfSyd|Sy3|sy2|syl}syo
£Y
0 0 1] 0 0 0 |Sy5|sys
DX7 |DXEIDXS|DX4|DXI[DX2IDXI(DXD
DX
1} 0 0 0 0 1] 0 |DXx8
Destination
transfer point
DY7|DY6|DY5S|DY4 |DY3|DY2|DY1|DYD
DY

0 0 0 Q 0 0 |DY9|DY8

NX7|NX6|NXS5|NX4| N3] NXZ|NX1]| KXO

KX — RKRumber cof dots
1} 0 0 0 1} 0 0 INx8 to transfer,
x-direction

NY7[KY6 | NYS|NY4 |NY3I|[NY2|NY1] NYD
Y — Number of dote
0 0 0 0 0 0 | NY9] NYB to transfer,
y-direction

Q ~ |MXD|MXS|DIY{DIX| - | = ARG

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

Executing the HMMM command

MsB 7 6 5 4 3 2 1 0 LSB

1 1l 0 1 - - - - CMR
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4.4

HMMy (High-speed move VDP to VRAM) -

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

Since the data to be transferred is dope.in units of one byte, there
is a limjtation, according to the display mode, on the value for =x.

4.4.1
1.

Video or Expansiocn RAM

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

HMMV Execution Order

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

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

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

DIX: Direction for NX from scurce point

0: Right
1: Left
DIY¥: Direction for NY from source point
0: Down
1: up

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

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

CLR: Color code data

After you specify the above data, execute the command by writ-
ing 110000 DO into the CMR.

The above procedure will execute the HMMV command in the MsSX-
VIDEQ. While executing the HMMV command, the CE bit of the
status register (S542) 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 HMMY register

R£36
R#37

R¥38

R#39

R#40
i R#4l

1 R$42
R$43

RE44

R&45

4.4.3

5 2 0 LSB
DXS|DX5IDX4 DX2 DX0
DX
0 0 DX8
Destnation
transfer point
DY&|DY5|DY4 DyY2 DYO
DY
0 0 0 DYS8
Nx6 | Kx5| Nx4 NX2 ¥Xx0
NX — Number of dots
0 [} NX8 to transfer.
x-direction
NY6E| NYS{ NY4 NY2 NY0
NY -— Number of dots
1] 1] NY8 to transfer,
y-direction
CR6|CR5 | CR4 CR2 CRO CLR (G4, G6) T
X*ZN x=2N"‘1 (N=031'-c-127)
CRE|CR5} CR4 CR2 CRO CLR (G5) — Data to
transfer
Y=4N+]l X=4N+2 X=4N+3 (N=0,1,;...127)
CRE{CR5| CR4 CRZ CRQ CLR (G7)} —
Cne dot
MXD DIX - ARG

Data transfer direction (x}

— ——— Data transfer directien {y)

Destination memory select

5

Executing the HMMWV command

2

R#46

- CMR
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4.5 LMMC (Logical move CPU to VRAM) “+

The LMCC command transfers data from the CPU to the Video or expansiop
RAM in a specified rectanqular area {in x-y coordinates) via the mgy-

VIDEO.

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

Video or Expansion RAM

(DX, DY)
- DIX
NX MSX~- CPU
NY — VIDEQ| &—
} b1y

4.5.1
1.

2.

LMMC Execution Order

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

MXD: Seléct 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: Right
l: Left
DIY: Direction for NY from y-coordinate of destination
0: Down
l: Up

CLR: First byte of data to be transferred

After you specify the above data, execute the command. Write 1
0 1 1 B into the higher four bits of the command registet
(CMR), and place the logical operation code in the lower foul
bits of CMR,

While checking TR and CE in Status Register S#2, send the
second byte and all bytes follewing into the CLR register.
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4.5.2 Setting up the LMMC register

MSB 7 6 5 4 3 2 1 0
R#36 px7|px6|DX5ipx4|DX3|DX2| DX1{DX0O
R#37 0 0 0 0 0 0 Q |DX8
RE#38 pY7|py6|pYs|py4d |DY3I|DY2|DY1 DYOD
R#39 ] 0 0 0 0 0 |pye|DYB
R{4d0 Nx7| nx6 | Nxs | axs | wx3 | nx2] Nx1| NXO
R#4] 0 0 0 0 0 0 0 {NX8
RE42 NY7 | NY6 | NYS|Nyd |NY3|Ny2|NYl{ KYO
R#43 0 0 0 0 0 0 |NYS[NYB
R#44 - - - ~ lcr3|cr2iCR1|CRO
-t -t1t-1-1-1-|cri]cro

.|cr7|cRr6 | cr5 | cr4 | CR3 |CR2 [CR1 | CRO

RE45 0 - {MxD| - |PIY|DIX) - =

‘——— Data trans i i
___  —  pata transfer direction {y)
pata cdestination

4.5.3 Execution of LMMC commands

Msp 7 6 5 4 3

2

1

o

R#46 18011 |1 |Lo3jLo2

LO}

LOO

L5B
DX .
pasic
destination
point
DY

¥x — Number of dots
to transfer,
x-direction

Ky — Number of dots
to transfer,
y-direction

cLRr (¢§) —3 Data to

CLR {G7) ——

ARG

LSB

CMR

transier

fer direction (x)

select

Logical operation
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4.5.4 Flowchart of LMAC execution

[setup HSX-VIDEO| *

I
[Execute Coamand |
N

{
[Read Status Register #2]

. Yas (CE=Q)

nd of Command?

No (CE=1)

Transmit Ready?

Xo (TrR=0)
Yes (TR=l)

[Transmit Cata |
)




CPU, in a
MSX-VIDEO.
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4.6 LMCM (Logical move VRAM to CPU)

The LMCM command transfers data from the Video or expansion RAM to the

specified rectangular ares {in x-y coordinates) via the

The data is transferred in units of dots.

Video or Expansion RAM

(5X, 5Y)
- DIX
~— NX MSX- CPU
RY —> |VIDEQ|——
/f ‘ DIY

MYS:

EY:

DIY:

1. First,
the MSX-VIDEO.

4.6.1 LMCM Execution Order

set the nececcary parameters in the command register of

Select scurce memory
0: Video RAM
1: Expansion RAM

Basic x-coordinate of source point (0 to 311}
Pasic y-coordinate of saurce point (0 to 1023)

Dots to move from source point in x-direction (C to 511)
Dots to move from source point in y-directien (G to 1423)

Direction for NX froem x-coordinate of source poirt

0: Right

l1: Left

Direction for NY from y-coordinate of source poirnt
0: Down

l1: Up

2. After you specify the above data, execute the comrandé by writ-
ing 10100000 B into the CMR.

3. While checking TR and CE in Status Register '8%2,  read Status
Register S5#7.

T
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4.6.2 Setting up the LMCM register

MSB 7 11 5 4 3 2 1 0
R#32 SX7 |SX6 [SX5 [sx4[Sx3|sx2|s5x1 |sx0
R#33 0 0 ] 00 0 0 |sx8
R334 5Y7|sys 1s¥5 |ov4 [sy2 |sy2 syl |syo
R#35 0 0 0 0] 0 |jsy9|sys
R#40 NXT [NX6 |NX5 ) Nxd4 Jax3 [NX2 [Nx1 | w0
Ri#41 ¢ 0 0 oo 0] 0 |NXB
R$#42 NY7 [NY6 [NYS [NY4 |NY3 [NY2 {NY1 |NYO
R#43 0 0 0 0 0] a0 |NY9INYR
R#45 Q = | - |HXSIDIY|DIX) ~ | ~-

4.6.3 Execution of LMCM commands

MsSB

R#de6

587
E#7

7 6 5 4 3 2 1 0
ljofrof-f-|-1]-
0]o]ofocalec2fcr lco l
o JoJToJoJo]oJc]eo |
€7 |c6 |es fcs |e3 Je2 [c1 {co

70

-l
LS8
SX
Basic
source
point
-3’4

KX — Number of dots

to transfer,
x-direction

KY —— MNumber of dots
to transfer,

y-direction

ARG

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

LsB
CMR

Status Register 547 (G4é
G
Status Register S#7 (GS)

Status Register S#7 (G7)
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4.6.4 Flowchart of LMCM execution

[Setup MSX-VIDEO ]

I
| Execute Command }
{

i
[Read Status Register $2]

No (TR = &
Yes (TR=1l)
[Read Status Register 7] y
1
Commangd End?
Noe (CE = 1)
Yes (CE = 0)

{ LMCM END )

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

The LMMM command transfers data in a specified rectangular area £rom
the VRAM or the expansion RAM to the VRAM or the expansion RAM.

Since the data to be transferred is done in units of 4dots, 1leogical
operations may be done on the destination data,

Video or Expansion RAM

{SX, sY)

NX — DIX
NY ~

| pry
{DX, DY)

~

4.7.1 LMMM Execution Order

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

MXS: Select source memory
0: Video RAM
1l: Expansion RAM

M¥D: Select destination memory
0: Video RAM
l: Expansion RAM

5X: Source point x-coocrdinate (0 to 511}
3 41 Source point y-coordinate (0 to 1023)

: Dots to move in x~direction {0 to 511}
NY: Dots to move in y-direction {0 to 1023}

DIX: Direction for KX from source point

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

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

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

and the logical operation into the lower four bits.
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a.

VIDEO.

4.7.2

R#32

R#33

R#34
R#35

R#36
R#37

R#38
R#35%

Ri40

RE41

Re#42
R#43

R#45S

4.7.3

R%46

While

it will be reset to 0.

Setting up the LMMM register

MsSB

MSE

The above procedure will execute the LMMM command in the MSX-
executing the LMMM command, the CE bit of the

status register (S#2) will be set to 1, and when the command is
conplete,

7 6 5 4 3 2 1 0 LsB
SK7|SX6|SX5|5X4]Sx3|sx2{sx1|5%0
8X
0 0 0 0 0 1] 0 |SX8
Basic transfer
point
SY?|8Ye]svys)eve|svy3i|syz|syr]svo
sy
0 0 0 0 0 0 |SY9|sys
DX7|DX6|{DX5|DX4[DX3[DX2|DX1|DX0
DX
0 0 0 0 0 0 0 |Dx8
Destination
transfer point
DY7{DY6IDYS5|DY4|DY3 |DY2|DY1|DYO
DY
0 [H 0 0 0 0 |DY¥9{DYB
NX7 | NX6 | WS | NX4[NX3 [ NX2|NX1]MX0
KX == Number of dcts
0 0 ¢ 0 0 0 0 |Nx8 to transfer,
x-directicn
NY7 |NY6|NY5|NY4 [NY3|NY2|NYL[NYO
NY — Number of dots
0 0 0 0 0 0 |NY9|NYS to transfer,
y-direction
o - |mxpliMxs|pIY|DIX]| - - ARG
Data transfer direztion (x)
Data transfer direction (y)
Source menory select
Destination memory select
Executing the LMMM command
N
7 [4 B 4 3 2 1 ¢ LSB
1 0 0 1 JLo3|no2|Lol |Lo0| CMR
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4.8 LMMV (Logical move VDP to VRAM) -

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

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

Video or Expansion RAM

(DX, DY)
- DIX

NX MSX-
VIDEQ

'S

NY

# DTIY

4.8.1 LMMV Execution Order

1. First, set the necessary parameters in the command registér of
: the MSX-VIDEC.

MXD: Select destination memory
0: Video RAM
l1: Expansion RAM -

HX: Dots to move in x-direction {0 to 511)
T NY: Dots to move in y-direction (0 to 1023)

DIX: Directicon for NX fram source point

0: Right
1: Left
DIY: Direction for NY from source point
Q: Down
l: uop

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

CLR: Color code data

2. &after you specify the above data, execute the command. Write 1

0 00 B into the upper four bits of the command register (CMR),
and the logical operation into the lower four bits of the CMR.

3. The above procedure will execute the LMMV command in the MSX-
VIDEO. While executing the LMMV command, the CE bit of the
status register (S#2) will be set to 1, and when the command 38

complete, it will be reset to 0.
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4.8.2 Setting up the LMMV register
MsB 7 €6 5 4 3 2 1 0 LsB

R#36 DX7|DX6|DX5|DX4|DX3|DX2|DX1|DX0
DX
R#37 1] 0 4] 0 0] 0] 0 |DXe
Destination
transfer point
R#38 DY7|DY6{DYS|DY4|DY3I|DY2|DY1{DYO
by
R#39 0 Y] 0 0 0 0 [pY9|D¥YB
F440 KX7|MX6|NX5|NX4|NR3; NX2{NX1|NXO

KX = Number of dote
R$41 0 0 0 0 0 0 0 [Nx8 to tranafer,
x—-direction

R#42 NY7|NYS|NYSINY4 | NY3|NY2|RY1|NYO
XY — HNumber of dots

R#43 0 0 0 0 0 D [NY9|NYB to transfer,
y-direction

R144 0 0 0 0 |c3 |c2 [€1 |CO CLR (G4, GB} =

0 0 0 0 0 0 |Cl |CC CLR (G5) —F Data to

transfer

C7 |C6 {C5 {C4 {C3 [c2 |C1 {CO CLR (G7)

R#45 - - |MxXp} - |DIY|DIX| - - ARG

—  — pata transfer direction (x}
S Data transfer direction (y)
Destination memeory select

4.8.3 Executing the LMMV command

MsB 7 6 5 4 3 2 1 0 LsSB

R#46 1 0 0| 0 |LO3|LO2|LOL [LOO| CMR

Logical coperation
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4.9 LINE =

The LINE command draws a straight line in the videc or Expansion RAM,

The lire drawn is the hypotenuse that results after the long and short
sides of a triangle are defined. The two sides are defined as
distances from a single point,

4.9.1

Video or Expancsion RAM

I DIY

(DX, DY)

LINE Execution Order

First, set the necessary parameters in the command register of
the MSX-VIDEO.
MXD: Select destination memory

0: video RAM

l: Expansion RaM

¥2j: Number of dots in long side (0 to 1023)
Min: MNumber of dots im short side (0 to 511)

MAJ: Direction for long side
0: Lohg side is in x-axis
1l: Long side is in y-axis {or xz~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
l: uvp

DXx: Basic x-coordinate (0 to 511}
DY: Basic y-coordinate (0 to 1023)

Ater you specify the above data, execute the command. Write 0
111 B into the upper four bits of the command register (CMR).

. and the logical operation into the lower four bits of the CMR.

The above procedure will execute the LINE command in the MSX-
VIDEC. While executing the LINE command, the CE bit of the
status register ($#2) will be set to 1, and when the command 18
complete, it will be reset to @.
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4.9.2 Setting up the LINE register

R4#36
R#37

Ri#38
R439

R#40

E#41

R#42

R#43

R#44

R#45

LSB

DX

DY

Eaj

Min

CLR

CLR

CLR

ARG

(Nx)

tC'4 r

(€5

{erh

Basic point

~Kumber of dots
in long side

=Number ¢f dots
in short side

G6) —

— DPata to
transfer

[— Long side direction select
End point direction (x)

MsB 7 6 5 4 3 2 1 ¢
DX7|DX6!DX5|DX4|DX3|DX2{DX1]DX0
Clo]Jo0|Jo|o)]o} 0 lpxs
DY7]DY6|DY5|DY4 [DY3|{DY2|DY1|DYO
0 0 ] 0 a 0 |DY9|nYBR
MI7T{MI6|MT5 [MT4{MI3|MI2|MI1[MI0
ojle|o0o]o]ojo {m9|mrs
MI7|MIE MIS|MI4|IMI3|MI2|MI1IMIO
o|lo|ofo]|o|0o] 0 |MI8
cjo]o]ojc3 (c2fc1 jco

0 0 o 0 0 0 jc1 |{co

C7 |C6 (€5 |c4 j¢3 [cz {c1 oo

0 - |MXD] - |DIY|DIX| - |MAT

4.9.3 Executing the LINE command

Mss 7 6 5 4 3 2 1 o
0 1 1 1 JLO3{LO2|LO1|LOO

R¥46

End point direction (y}
Destination memory select

Ls3

CHR
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4.10 SpH

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

4.10.1
1.

Videc or Expansion RAM

(5X, 5Y) BIX
Border
Color Point

SRCH Execution Order

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

MXD: Selact gearch memory
0: Video RAM
l: Expansion RaM

DIX: Direction from source peint teo search

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

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

SX: Basic x-coordinate for search (0 to 511)
SY: Basic y-coordinate for search (0 to 1023)

CLR: <Color code data

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

The above procedure will execute the SRCH command in the wMSX-
VIDEO.  while executing the SRCH command, the CE bit of the
status register (S#2) wiil 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

R432
R#33

R34
R#35

R#4d

R$#45

4.10.3

R$#46

S#2

s¢8

545

Setting up the SRCH register

MsB 7 [ 5 4 3 2 l 0 LSB
sx7] sx6|sx5{sx4| 5x3| 5X2| sX1] 80
sX
0 0 0 0 0 0 0 |Sx8
Basic point
for search
sy7| sv6|sys|sy4|s5¥3}sy2}5¥l| S¥o
sY
Q 0 0 0 0 0 | 5Y9|sy8
0 0 0 0 |c3 J¢2 |c1 (€O CLR (G4, G6) =
Border
0 ] 0 0 0 0 |C1l |co CLR (G5) color for
search
c7 |ce |¢5 |ca je2 jc2 jcl Co CLR (G7) —_—
- - IMXD| - - |DIX|EQ - ARG
L Command end condition
L Search direction (x)
Search memory select
Fxecuting the SRGH command
MEB ' 7 [ 5 4 3 2 1 0 LSB
0 1 1 p |- - - - CMR
Status registers
- - - |0 | - - - |CE
L—- Set to 0 at end of ccmmand
Set to 1 if border color
ie found
BX7 |BX6 {BX5 |BX4 |BX3 |BX2|BX1 [EXD Location where border
color was found
1 l 1 1l 1 1 1l |8x8 (x-coordinate’
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4.10.4 Flowchart of SRCH execution

SRCH START

[Setup MSX-VIDEQ]

I
[Execute Command]
I

|
[Read status Register 2]

End of Command?

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

No (BD=0)
Yes (ED=1)

| Read Status register 8]

I
[Read Status Register LER
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¢.11 PSET

rhe PSET command draws a dot in the Video or Expansion RAM,

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

4.11.1
1.

Video or Expansion RAM

(DX, DY)

PSET Execution Order

First, Bet the nececsary parameters in the command register of
the MSX-VIDEC.

MXD: Select memory

0: Video RAM
l: Expangion RAM

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

After you specify the above data, execute the command.

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

The above procedure will execute the PSET commané in the MSX-
VIDEOQ. While executing the PSET command, the CE bit of the
status register {(S#2) will be set to 1, and when the commanc is
complete, it will be reset to 0.
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4.11.2 setting up the PSET register
MsB 7 6 5 4 3 2 1 o0 LsB

R#36 DX71DX6[DX5]DX4iDX3|DX2[DX1|DX0
R#37 0 0 0 0 0 0 0 {Dxs8 X
Basic point
R#38 DY7,DY6|DYS|DY4{DY3|DY2|DY1|DYO
R#39 1Te{oc}jofo]o]| o |pys|oys o
Ré#dd 0 l]¢c|ofo0[c3|c2icil|co CLR (G4, G6)—

0tofolofo)o|ctco| CLR (65) ———pSET data

C7 JC6 JCs jcs {e3 ez |c1 [co CLR (C7) =——rd

R#45 o - |MXD| - - - - - ARG

Memory select

4.11.3 Executing the PSET command
MSE 7 6 5 é 3 2 1 0 Lsp

Ri46 ] 1 0 1 |LG3[LOZ2 [LO1[LOO( CMR

Logical operation
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4.12 POINT

The POINT command draws & dot of the color epecified in the Video or
Expansion RAM.

video or Expansion RAM

(sx,51)

4.12.1 POINT Execution Order

1. PFirst, set the necegsary parameters in the command register of
the MSX-VIDEOQ.

MXS5: &Select memery
0: Video RAM
1: Expansion RAM

SXs x-coordinate of dot (0 to E11)
5Y: y-coordinate of dot (0 to 1023)

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

3. The above procedure will execute the POINT command in the MEX-
VIDEO. While executing the POINT command, the CE bit of the
status register (S#2) will be set to 1, &nd when the command is
complete, it will be reset to 0. The color coce data is set to
statue register (St7).

4.12.2 Setting up the POINT register
MsB 7 € 5 4 3 2 1 0 LSB

R$#32 SX7|SX6 |SX5|5X4|SX3]5X2|5X1|8X0 sx
R#33 0 0 0 0 0 LY 0 |sxs8
Basjic point
R#34 SY7 |8Y6 {SY5 }SY4 |SY3 |SY2|8Y1 |5Y0
R#35 0 0 0 0 0-] 0 |SY9|5¥B S¥
R#45 - - - IMXS|{ - - - - ARG

Memory select
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4.12.3 Executing the POINT command o
MSB 7 6 5 4 3 2 1 /] LSB

L#46 011 0 0ol - -1 - -] CMR

Status registers

si2 - - - -t -1~ - |CE
3 Set to 0 at end of
command
S#7 0 0 0 0 |ca fc2 |cl fco} Color code (G4, G6)
547 v} 0 0 0 v} 0 |cl |co| Color code (GS)
547 c7 |c6 |c5 Jc4 Jca Jc2 jcl |[ca Color code {G7)

5. Speeding up the processing of ccmmands

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

5.1 Inhibit the display of sprites

If bit 1 of Register R#8 (8PN} is set to 1. processing for sprites can
be used for commands instead; and therefore the command execution is
faster.

5.2 1Inhibit the screen display

If bit 6 of Register R#l (BL) is set to 0, processing for the screen
ganf be used for commands instead; and therefore the command execution
is faster.
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; 6. Conditions of registers after command execution

After commands cn the MSX-VIDEO are executed, the conditions of the
registers will be as listed in the folleowing table.

85X 8Y DX DY NX NY CLR |CMR B|CLR L| ARG

EMMC - - - - - L] - 0 - -
YMMM - * - * - # - 0 - -
BEMMM - * - » - ] - o - -
BMMY - - - * - # - 0 - -
LMMC - - -~ - - t - o - -
LMCH - * - - - 4 * 0 - -
LMMM - * - * - # - 0 - -
LMMV - - - * - ¢ - 0 - -
LINE - - - * - - - ‘0 - -
SRCH - - - - - - - e - -
FSET - - 1 - - - - - 0 - -
FOINT - - - - - - * 0 - -
- Unchanged

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

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

SY* = 5Y + N DY* = DY + N (bIY = 0)
SY* = g¥ - N DY* = DY - N (DIY = 1)
NYB = NY - N

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

ol

The MSX-VIDEO can be used to display 32 sprites. The size of th,
sprites are 8 x 8 dots or 16 x 16 dots. The size in the horizonta)

direction of a sprite is 1/256 of the screen. The sprites may be
placed anywhere on the screen. *

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

. {Sprite Screen}
(0,255)* (255,255) *

(x,¥) 4
Sprite
CRT area displayed
Sprite
(0,191  § (255,191)
or Qr
(0,211 - 1 © (255,211)
Sprite
CRT area undisplayed
(0,254 (255,254}

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

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

SPRITE MODE 1: GRAPHIC 1, GRAPHIC 2, MULTICOLOR

SPRITE MODE 2: GRAPHIC 3, GRAFHIC 4, GRARIIC 5,
GRAPHIC 6, GRAPEIC 7
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l. SPRITE MODE 1 (Gl, G2, M)

1.1 Characteristics of SPRITE MODE 1

In SPRITE MODE 1, there are 32 sprites, numbered 30 to #31. The
sprites =assigned the lower numbers have a higher priority. O©On a
single CRT horizontal line, up to 4 sprites with the highest priority
ere displayed, and the overlapping portions of sprites with lower
priorities are not displayed.

$1l 2 E 5 e

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

In additicn, 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 sgize R#l bit 1

SI = 1: 16 x 16 dots
I = 0: 8 x 8 dots

* Sprite magnification R4l bit 0
MAG = 1: Double-gize
MAG = 0: Normal .

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

" Setting the sprite attribute table
Bet the sprite's attributes Vits coordinates, pattern nuwber, and
Colers) in the Sprite Attribute Table of the VRAM (#0 to #31).

13 sprite actripute Table (@1, 2, MO)
?t;e Sprite Attribute Table is an area in the VRAM that contains the

:*sPlay {x- and y-) coordinates, colors, and pattern numbers of the 32
Prites. Each sprite has four bytes of attribute data.
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MSB 7 6 5 4 3 2 1 ¢ LB

T

Y-coordinate (0 to 255) - Sprite attribute table
t + t i i i base address

' x-éooréinage (? to 255i

Pattern number (0 to 255) — Attribute area for
} + + _ sprite #0
EC 0 Q 0 Color code -

i A A

—— Attribute area for
sprite #1

—— Attribute area for
sprite #31

Y-coordinate (0 to 255)

Specify the y-coordinate of the sprite.

1f 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 253)
Specify the x-coordinate of the sprite.

Pattern number (0 to 25%)

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 & x 8, there will be 256

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

Color ceode (0 to 15}
Specify the color code for pattern color 1. The color code for
pattern color U 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 ie used, the sprite 19
moved to the left, one dot 2t a time, from the left edge of the
screen.

Left edge of CRT
«— 1312 dots —

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

The Sprite pattern Generator Table is an area in the VRAM to specify
the sprite patterns (its appearance). The beginning {(head) address of
this area must be specified in register R#6 (Sprite Pattern Generator
Table Base Address Register).

The pattern for sach sprite must be written in this area. FRight 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 s 8 x B 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

F— — Pattern #1

Pattern #255 (Maximum)
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1.5 Example of Data Setting for Sprite Pattern Generator
Table (Gl, G2, MC)

(X-l, 0-0) N‘Of 1' L 255
{Pattern Name Table Base Address for K=0}

M5B LSP
76543210 Address Example of 16 x 16 Sprite
o000000X 8N
OO0C00OXXX B+l OUGO000XX0000000
QOOXXXXX . QO000XXXXXX00000
0000XXX0 . Pattern number 0 COOXXXXXXXXXX000
CO0OXX0X - O000XXXO0XXX0000
QOQ0XX0X . OODOXXOXX0XX0000
O000XXX0 . C00OXXO0XXO0XX0000
OOOXXXXX 8MN+7 0000XXX0QXXX0000

) QOOXXXXXXXXXXO000
OOXXXXXX OOXXXRXKKKXRXXAOO
QXXXXXXX ’ OXRXXUALAXKANXXXC
XXXXXXXX AXAXAXKX AKX XXXAXX
XXXXAXXX Pattern number 1 XAXXXXXNXXXAXAXX
OOXXXX00 COXXXXQO0OOXXXX00
000XX000 CO0XX000000XX000
00000000 0000000000000000
OO000000 - 0000000000000000
X0000000
XXX00000
XXXXX000
OXXX0000 pattern number 2 [ 34] 42 R
X0XX0000
XOXX0000 1 3
OXXX0000
AXXXXOO0
XXXXXXC0
XAXXXXXO
RAXXXXXKX
XXXXXXXX Pattern number 3
QOXXXX00
OCOXX000
00000000
00000000

- If the sprite gize is 16 x 16, the pattern number specified in the
sprite attribute table can be any of the numbers from #0 to #3.
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2. SPRITE MODE 2 (G3, G4, G5, G6, G7)
2.1 Characteristics of SPRITE MODE 2

In SPRITE MODE 2, there are 32 sprites, numbered 40 to #31. The
gprites assigned the Jlower numbers have a higher priority. On a
single CRT horizontal line, up to 8 sprites with the highest priority
are displayed, and the ovarlapping portions of sprites with lower
priorities are not displayed.

”EHEF_;I n-@ﬂ

When two sprites collide (their golid pertions have overlapped), this
condition may be detected since bit 5 of ptatus register S#0 is set to
1. When this occurs, the coordinates of the collision will be set in
status registers S#3 to Si5.

In addition, if there are nine or more sprites on one horizontal line,
bit 6 of status register S10 will be set tc 1, and the lower-crder
five bits will be szet to the number of the ninth sprite.

The colors of the sprite may be specified for each horizontal line.
The sprite priorities may be cancelled by setting the CC bit of the
attribute table, and if sprites overlap, 2 logical OR may be done on
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, 64, G5, G6. G7)

To display sprites, use the follewing controls.

~ Eprite size Ril bit 1
§I = 1: 16 x 16 dots
§i = 0: 8 x B dots
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2

4

5

2

Sprite magnification R#1 bit @ a
MAG = 1: Double-size
MAG = 0: Normal
Sprite display R#B bit 1
SPD = 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 (ite coordinates, pattern number, and
colors) in the Sprite Attribute Table of the VRAM (k0 to #31).

-3 Relationships between the VRaM Tables (G3,G4,G5,G6,G7}
Sprite Sprite Sprite Pattern
Color Table Attribute Tahble Generator Tahbhle
0 Base
) #0 (4 bytes) Address Pattern #Q
40 4 {8 bytes)
(16 bytes) tl (4 bytes!} 8
g8 All possible | Pattern $1
. + combinations (8 bytes)
16 . . 16
- . Pattern . .$2
. . (8 bytes)
#1 . . 24
(16 bytes) . . . .
12 : ) . .
36
131
(16 bytes) 2040
124 Pattern #255
#31 (4 bytes) » (8 bytes)
12 128 i 2048
-4 Sprite Attribute Table (G3, G4, G5, G6, G7)

The Sprite Attribute Table is5 an area in the VRAM that contains tk
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display (x- and y-) coordinates, and pattern numbers of the 32
sprites. Each sprite has four bytes of attribute gdata.

MSB 7 6 5 4 3 2 1 0 LSB
Sprite attribute table
¥Y-coordinate (0 to 255} - base address

X-coordinate (0 to 255)

Pattern number (0 to 255} —= Attribute area for
sprite 490

Reserved -

—y— Attribute area for
sprite #1

—— Attribyte area for
sprite #31

Y-coordinate (0 to 255)

Specify the y-coordinate of the sprite.

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

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

Pattern number (0 to 255)

Specify the sprite 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.

This bit is always set to 1.

RE3 {ar4fr13]a12]a11]A10]as [ 1 | 1 ] spirte attribute table
R#11 LofoJoJo]oTo [as[ars] base address register

93 .
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2.5 ©Sprite Pattern Generator Table (G3,G4,G5,G6,G7)

The Sprite Pattern Generator Tahle is an area in the VRAM to specify
the sprite patterns {(its appearance). The beginning (head) addresg of
this area must be specified in register R#6 (Sprite Pattern Generatgg
Table Base Address Register). .

The pattern for each sprite must be written in this area. Eight byteg
are used for sach ttern, for a total of 256 patterns. Each of the
256 patterns are assf;ned a sprite pattern number £rom #0 to #255; iy
the sprite size is 8 x B dots, each sprite has one pattern, and if the
sprite size js 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)
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2.

6 Spcite Color Table (C3, C4, C5, G6, G7)

In SPRITE MODE 2, the color for sprite coler pattern 1 may be
specified on each line (sprite color pattern 0 will always be
transparent}. In addition, the sprite priority, cellision detection,
and EC (Early Clock) may be cancelled or enabled.

The base address of the Sprite Color Table will always be
automatically calculated by subtracting 512 (decimal) from the base
address of the Sprite Attribute Table.

MSR 7 [ s 4 3 2 1 0 LS8
2 4 T T —
0 EC {CC |IC 0 Color code Line 1
1 EC |cc |1C o Color codel Line 2
. . —— Color Table
. . for Sprite #0
v r T
15 EC fcc |Ic 0 Color code, Line 16
T T T 1
496 EC JccC |ic 0 Color code Line 1
497 EC |¢C |1IC ¢ Color code Line 2
: L L de — Color Table
. ' . for Sprite #31
L) T |
511 EC |CC |IC 0 Color code Line 16

Sprite Attribute Table Base

Address

Sprite Color Code (0 to 15)

for each line

Collision Detect 1l=No O=Yes

Priority Enable 1=Ko O0=Yes

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

In SPRITE MODE 2, if the CC bit of the Color Table is set to 1, the
sprite priority order is cancelled,

In the above manner, the portions where €C is set tc 1 (for each line)
will be displayed only on horizontal lines where sprites with a lower
number exist. This is diagrammed in the figure below.

Note that in this case, if there are more than 8 sprites on the game
line, the ninth sprite and above will not be displayed as explained
earlijer, .

Sprite #x-1

! !
: ! Sprite #xX-1 Sprite #X
1 v hl r ]
H H { i i H
! H ! I ] H i I I :
...l'-'!Il.l“l...!....-:. L l!.".l!- & 8 & wada l! -------
I . o I ’ i
CC=A11 @ | I | l teeraneas !

CC=a11 1 CC=2all 1

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

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

Example of three sprites being displayed in seven colors

Itn

MSB I.SB
0

Sprite #x 8 (1 O[O0 Color codes all &

'
|
!
| IR |

Sprite #x+1 [0 J1]JoT0] Color codes all 4

mmmme ey
[l
[]
.
'
- ]
H
x
7]
i -]
2

e e ————

CC=al1l 1

- .. ————

Sprite #X+2 0 JOT1 T0] Color codes all 2

Rl LETTTEY

CC=Al1l1 1
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Example of overlapping the above sprites

1271 4
4
14| 6
8 e
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 coler portion non-0 overlaps, &
sprite collision is detected. If sprite collision is detected, bit 5

gf stagus register 540 is set to 1. This bit is reset to 0 when S#0
5 read. :

MsB 7 6 4 3 2 1 0 LsB

s [T 1l T T 1 1]

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 si3 to
546 will be set to the coordinatee of the collision.

Mss 7 & 5 4 13 2 1 0 LS8

s#3 X7 [x6 [X5 x4 |x3 [x2 |X1 X0 ’
E]——Collision x=-ceoordinate
544 1 1 1 1 1 1 1 1x8
545 Y7 |Y6 |¥YS |y4 1¥3 {2z f¥l |YO
:}——Ccllision'y-coozdinate
si6 1 1l 1 1 1 1 jys |YB

If status register 545 is read, the contents of status registers E43
to S#6 are reset.

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

X (544,513 Y (5#6,585)

Collision coocrdinates . -

X=XC+12 Y=¥C+8
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3. Setting the Sprite Colors -

In all GRAPHICS modes other than GRAPHICS 7 mode, the color codes fq,
sprites are commoen to all modes. The sprite display color 4
determined by the value in the palette register.

In GRAPHICS 7 mode, the sprite colors are fixed and are not affecteq
by the palette register. The sprite colors in GRAPHICS 7 mode are
shown in the followirg table.

“. Color code Green Red Blue

€31 c21 c11 co| 621 611 Go| R2! Ri1 RO| B2 Bl RO
o 0o o0 olo o ole o oclo ¢ o
g ¢ 0o 1lo o oloc o ofe 1 o
e 0 1 oo o oloe 1 1|l0 o o
6 0 1-1}0¢ o oflo 1 1|6 1 o
0o 1 o ofle 1 1]e o olo o o
o 1 o 1f/o0o 1 1{0 o ofla 1 o
0 1 1 8jo 1 1§00 2 1}l0 o o
0 1 1 1}e 1 21}0 1 110 1 o
1 0 ¢ o1 o o1 1 1]lo 1 o
1 0 o0 1|0 o elo o ofl1 1 1
1 0 1 oflo o o1 1 110 o o
1 0 1 1 1] 0 4] 1 1 | 1 1 1
1 1 0 o1 1 1}o o aelo ¢ o
1 1 0 1{1 1 1le o o2 1 1
1 1 1 Q 1 1 1 1 1l 1 0 0 0
! 1 01 1|1 1 1l1 1 1)1 1 1

TP anc Sprites

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

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

TP=1 Color code 0 will be the color that is specified in the
palette register. (In GRAPHICS 7 mode only, R=0, G=0, and
B=0 will be always set).
If the sprite color part 0 overlaps, a sprite collision will
be detected.
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POINTING BEVICES

l. Light pen

We will explain the light pen function of the MSX-VIDEO below. To use
the light pen, set bit 7 of register R48 to 0 and bit 6 toc 1.

Mss 7 6 5 4 3 2 1 0 Lss

Ri8 s |LP |TF |cB |VvR | ¢ |SPD|BW | Mode register 2

[—— 1 Licht pen enable
0 Mouse disable

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

MsB 7 6 s 4 3 2 1 0 LSB

541 FL |LPS|-Identification # ={FE | Statuc register 1

1: switch pressed 0: S5witch not pressed
l1: Light detected 0: Light not detected

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

MSB 7 6 5 4 3 2 1 0 LSB

S#3 X7 |X6 |%x5 |X4 |%X3 (%2 |X1 |X0 | Column register low
S#4 1 |]1]1311]1|1]1|x8| Colunn register high
845 Y7 Y6 |¥S5 jv4 |¥3 |Y2 ¥l |¥Y0 | Row register low

546 1 by 1021 )21{1]ys |t8 | Row register high

L—-Ihis bit shows the FIELD
nunber when reacd.
0: 1lst field 1: 2nd f£ield
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Flowchart of using light pen to detect coordinates

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

Flash Detect
| Read status register #1]

) lash detected?
No (FL=0)

Yes(FL=l)

[Read status register $3]

1

[ Read status register #4)
H

Lﬁgad status register i31

T
[ Read status register #5)

-i
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2. Mouse

We will explain the mouse function of the MSX-YIDEQ below. Because
the mouse uses the Color Bus of the MSX-VIDEO, when you use the mouse,
you cannot use the MSX-VIDEQ Color Bus for any other purpose. To use
the mouse, set bit 7 of register R#8 to 1 and bit 6 to 0.

MSB 7 6 5 4 3 2 1 D LSB

Rig Ms |Lp |TP [cB |[VR | 0 |SPD|BW | Mode register 2

L—- 0 Light pen disable
bow——— 1 Mouse epnable

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

You may know if the mouse button has been switched ON 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

Stl FL |LpSl-Identification ¢ ~|FH | Status register 1

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

The relative coordinates of the mouse's movement are set as two's
complement data in status reqgisters S#3 and S#5.

MsB 7 6 5 4 3 2 1 0 LsB

543 X7 |x6 X5 {x4 |x3 [x2 fx1 |X0 Column register low

E45 Y7 {v6 [¥5 |yv4 [¥3 jY2z Y1 [¥YO Row register low

When 3 or 5 is set in register R#15, the mouse count is rot 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 F
1. Alternate display of two graphics screen pages

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

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

GRAPHIC 4 and GRAPEIC 6 and
GRAPHIC 5 modes GRAPHIC 7 modes
PAGE 0
:] PAGE 0
PAGE 1
PAGE 2
:] PAGE 1
PAGE 3

1.1 How to use register R#13

2 display time period of between 166 ms and 2053 ms may be specified
for each page.

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

- Specify the ON time ({(the interval in which the even page is
digplayed) and the OFF time (the interval in which the o0dd page is

€isplayed) in register R#l1.

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

MSB T 6 5 4 3 2 1 0 LsB

R$13 onN3 lon2 [onl [owo |oF3|OF2 {OF1 |OFC| Blinking Period register

CN time . OFF time
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1.2 FKow to use the EO bit

The EO bit, bit 2 of register R#9, is used to alternately display the
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 register R#9 to 1.
Mse 7 & 5 4 3 2 1 0 LsB

RS EC Mode register 3

2. Interlace display
The MSX-VIDEO has an interlace display function.

2.1 Displaying the first and second fields on the came page

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

2.2 Displaying the even page in the first field and the 0dd page in
the second field

= Set the IL bit, bit 3 of register R#9, to 1.
Set the EQO 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 Synchreonizatien -
3.1 GENLOCK methed
The GENLOCK method detects the phase differnce between the EHsyye

output signal of the MSX-VIDEQ and an external HSYNC signal and feeds
it back to the system clock.

ASX-VIDEOD | . .
. § Pt CSYNC OL'T
- CSYNC OuUT A s .
V-RESET IN 4, VSYXNC IN
. . PHASE
HSYNC  OUT DETECTOR HSYNC LN
. H-RESETIN |
Xtal 1
Xtal 2 LPF.VCO

3.2 Choosing the synchronization mode

The S1 and SO bits, bits 4 and § of register R#9, are used to set the
synchronization mode of the MSX-VIDEOQ. )

MSB 7 6 5 4 13 2 1 0 LSB

RS9 sl |so Mode register 1

S1L 180 | Sync mode | *¥s Purpose

0 0 PC SYNC Selects Normal bisplay the MSX-VIDEC
MSX-VIDEQ (0) screen

0 1| sTp S¥NC Appears for transparent | Superimpose, digitize,
parts ete.

1 0 STD S¥NC Selects external Display external screen

1 signal (1)

1 - -— -
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4. Superimpose

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

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

=~ To input an interlaced video signal, the MSX-VIDED may alsoc be set
up for an interlace displ ay.

Output
R G B
MSX-VIDEQ I I I
[ R I
i G fe—————G External RGEB Input
1 B DO
9 SW 1
| %
] VIDED 0SW | fa—  Fyternal Video Input
H
i Video Cutput

*Ys selects the external video signal when scanning the transpatent
portion of the MSX-VIDEO screen.
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5. Digitize function “

The MSX-VIDEQC has a function to read external data over the coler by,
into the VRAM.

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

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

; Digitize Block Diagram (GRAPHIC 7 mode)

J MSX-VIDEQ hitA D
, [y D3 ;
o o2 Green Analog input
[} D
C4 — D0
o ! 1
C1 D3 . .
o o Red Analog input
CBDIR[— D1
c — Do
. LK
. DL T
gg Blue Analog inp\:lt
—1D1
—1 DM} ~
OE ¥
CLOCK

Digitize Block Diagram (GRAPHIC 4 mode)

MSX-VIDEQ

cir—

Cor—

eS— 4bit A'D

Ci—

g g; Yideo Analog input

Cl o

co DO

OE

capir—————F ]
DLCLK CLOCK

CZ Bae i a2
e ey Bl
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Digitize Block Diagram (GRAPHIC € mode)

MSX-VIDEQ LATCH AD
a D3 VIDEG input
[+ D2
G D1
C4 Do
c
: >
C
co . D3
OF CK I o
Dl
)
CBDIR 3
DLCLK

Digitize Block Diagram (GRAFHIC 5 mode)

MSX-VIDEQ AD
ci- D3 ;
Cl‘i N D2 VTDEDQ input
A =1
G LATCH A
C3
o4
9} —
OF CK D3
l D2 )
—1M
DX
CBDIR T
- DLCLK
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of

- Digitize control

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

oG from ey — | 1 1 -
VSINC 1 | i 1 | } |
Digitize I l | | I

= Successive reads into the first and second fields

DG from CPU I l
E 0 E [+] E o} E
VSYNC 1 | 1 | A I |
FLAME | l I 1
Digitize : j Even | 0ada L
page  page

- Bit mask of the color bus

The color bus may be a masked using a register R#7. When a bit of RI7
is set to zero, the input value of the corresponding bit on the color
bus is set to zero.

MSsB 7 &6 5 4 3 2 1 0 1LsB

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

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

color bus

. C7C6C5 C4 C3C2ClCo
GRAPHIC 4 MODE « «~ « ~ M3 M2 M1 MO
GRAPHIC 5 MODE - - - - M3
GRAPHIC 6 MODE M3 M2 M1 MO M3 M2 M1 MO
GRAPHIC 7 MODE M7 M& M5 M4 M3
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6.

The color bus of the MSX-VIDED is controlled by the Ms,

bits. The bits and the data flow will be illustrated below.

6.1

Color bus

Normal display

R R L Ll L L ——

Look up table

& |
D A CONVERTER |

H
R
—

—— - ]

M5

CB

i
|
H
: !
E MOUSEI l L :
! | Locic ] v External palette register
H | DA converter, etc.
3 g
r L)
H 3
E +—] VRAM
; "
: v
' 4
O —eed
Mouse
P e s e e e s RS TsELaAdtsm e, b
: : MS cs |
. Locek yp table "—:R
; & S ] x|
: D A CONVERTER b—mB
: ] I ]
H h
p [Mouse L
LOGIC - Mouse
: L
H 1
: .
! —{ VRAM
H '
H '
r 1

and CB
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6.3

6.4

Displaying external signals

: : ws | oc | cB
: Look up 1able *R T TS
: & —e=-G

: D A CONVERTER J:B

: 1 :

i [vousE :

E LOGIC —-—-—! A D converter, stc.

H '

: ;

H ’ YRAM

' '

: :

feeememaan e oo m e man J

Digitize

[ ittt fh ettt g =

: i MS | DG | CB
H Look up table R

H & G o 1 l X
' D A CONVERTER [—IB

’ I :

: 1

1 |AtoUsE ]

loLoGic| . —_-l A D converter, etc.

1

; i

: :

E . YRAM

i :

: H

rd s e r s acee e e " e s EmE . EEeE " ®. - =]

-110
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1. MSX=VIDEO
1-1 Overview

V9918 (MSX-VIDEO) is a N-channel Silicon Gate MOS, 64-pin shrink DIL
plastic package Video Display Processor {(VDP) . The V9938 is
software-compatible with the TMS9918BA.

1-2 Features

5V single power

Output of both Linear RGB and Composite Videc signals
512 colors possible with built-in color palette
Maximum 512 x 424 pixels, 16 colors

Bit-mapped graphics

256 simultaneously-displayed colors

Supports 16K- to 128K-byte video memorg

May be used with 16R x bit, 16K x 4 bit, 64K x 1 bit, and 64K x 4
bit DRAMs

DRAM auto refresh function: 256 addresses, 4 ms

May support an extension video memory

Interfaces for mouse and light pen

Maximum 8 sprites per horizontal line

Different color for each horizontal line of the sprite
Area move, line, and search commands

Logical operation function

Addresses may be specified by coordinates

External synchronization possible

Superimpose possible

Digitization possible

Multi-MSX-VIDEG architecture possible

External color palette by using color bus

[ I O O T N N I A | t

Tt 1

Note: In this manual, negative logic will be indicated by an asterisk
Freceding the signal names.
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MSX-VIDEOC Block diagram
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2. Pin assignments and functions A
—

Pin Pin
name no. 1/0 Function
CDO LS8 40 1/0 - CPO data bus
D1 39 | 1/0
Cp2 38 | 1/0 o | ~ .
CD3 7 | r/0 m | 2 & mel
CD4 36 | 1/0 = | 2
CDs - 35 I/0 BT i o
D6 34 | 170 s | 7 @l 8
CD7 MsB 32 {170 | - | R
MODE O 29 I = CPU interface mode IR 5| we
MODE 1 28 | 1 | - select 9 |4 g1 e
*CSR 31 I CPU-MSX-VIDEQ read strobe | 2} e
*C3W 30 I CPU-MSX-VIDEQC write strobe o |15 0| wi
RDO LSB 41 | 1/0 | ~ VRAM data bus N 8| &
RD1 42 1/0 g E g :;
RD2 43 1/0 oo/we |20 &1 B
RD3 44 | I/0 el al 8}
RD4 45 | 1/0 t |3 a4 mi
RDS 46 | 170 ® |3 “| 3%
RD6 47 | 1/0 B3 2|3
RD7 MSB 48 I/0 - i |2 | o
AD0 LSB 49 0 - VRAM address bus B 3
ADL 50 | o = ulas
AD2 51 0
AD2 52 | o
AD4 53 o
ADS 54 0
AD6 55 0
AD7 MSR 56 (a} -
*RAS 62 O | VRAM row address strobe
*CASQ 61 0 VRAM column address strobe 0 (VRAM first half)
*CAS1 640 0 VRAM column address strobe 1 (VRAM second half)
*CASX 59 0 VRAM column address strobe X (Expansion VRAM)
R/ *W 57 o VRAM write strobe
*WDs 4 la] VRAM data select

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

*VDS = High:Access to VRAM is for

other than the above
VIDEQ 21 o Composite video signal output
G 22 0 - Linear RGB signal output
R 23 0
B 24 o -
*Ys 10 o Signal to switch between MSX-VIDEO RGB output and
external video signal (When superimposing)

*YS = High: MSX-VIDEO output transpacent

*¥S = Low: MSX-VIDEO output opague
BLEO 7 0 Tri-level output (Open drain);:

primary/secondary field and blanking interval
High: Secondary field. active
Middle: First field, active
Low: Blanking interval
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HEYNC

CBLR

co0 LB
Cl
c2

c4

Cé
C7 MSB
*LrS

*LPD

*DHCLEK

*DLCLK

XTAL 1

XTAL 2
CPUCLK
*INT

*RESET
vee

GND

GND DAC
VEB

11

13
18
17
16
15

14
13

12
26

27

63
64
25

58

20
a3

1/0

1/0

/0
IL/0
I/0
/0
1/0
1/0
I/0
1/0
I

I/0

O H - QO - [ I

Tri~level logic;

upper levels (high to middle) for output,

lower levels (middle to low) for input

High: Non-HSYNC, color burst period

Middle: HSYNC or non~color burst pericd

Low: HSYNC input

Tri-level logic;

Bigh: Composite SYNC output

Low: VSYINC input

Color bus direction

Eigh: Input

Low: Output

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

mouse.
C4 = XA s = XB
- Cé = YA C7l = ¥YB
Light pen or mouse SW input
Low: Sw on

High: 5w off

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

High: Any other condition

Dot clock output for high resolution;

10.74 MHz open drain

Dot c¢lock cutput for low resclution;

5.37 MHz open drain

Input may also be done the mode register.
This |5 used for a multi~MSX-VIDEO system.
Connect to XTAL or use for connection of an
external oscillator

Outputs 1/6 of XTAL fregquency

CPU interrupt output: open drain ocutput
Low: interrupt

Initialize al]l MSX-VIDEQC circuits

5V power supply

Ground 0V

Ground OV

Back bias (No connection}

>
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3. Electrical characteristics and timing chart 1

3-1 Absclute maximum ratings

Symbol Parameter Rating Onit
vCC Supply voltage -0.5 to +7.0 v
Vin Input voltage -0.5 to +7.0 Vv
Ts Storage temperature ~-50 to +125 L
To Operating temperature 0 to + 70 o

*

3-2 PRecommended operating conditions

Symbol Parameter Min. ™vp. Max. Unit
vee Supply voltage 4.75 | 5.00 5.25 v
Vss Supply woltage 0 v
Ta Ambient temperature ¢ : 740 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 vee k4
VIH 2 High-level input

voltage (group 2) 2,2 vce v
VIH 3 External clock high-level

input wveltage {group 3} 3.5 vCe v

Notes:

Group l: *CSR, RDO to RD7, CO to C7, *LPS, *LPD, *RESET, *DLCLK
Group 2: CDO to CD7, MODE 0, MODE 1, *CSw

Group 3: XTAL 1, XTAL 2

The video signals are listed separately

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

Symbel Parameter Min. | TYp. Max. Unit
VIL 2 Low-level input

voltage (group 2} -0.3 0.5
VIL 3 External clock low-level

input voltage (group 3} ~0.3 0.3
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3-1 Flectrical characteristics under recommended operating conditions

External input clock timing

No. | Symbol Parameter Kin. TYp. Max. bnit
1 | £XTAL XTAL clock frequency 20.26 | 21.48 | 22.55 | MHz
2 | TXWH XTAL clock high-leval

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

pulse width 5 ns
4 TXR XTAL clock rise time 10 ns
5 TXF XTAL clock fall time 10 ns
6 | TXD21 XTAL clock delay

time 2 — 1 0 ns
7 | THD12 XTAL clock delay

time 1 ~> 2 0 ns
8 | TLIXD *DLCLR (input) =~

XTAL clock delay time 20 50 ns
9 ™1 XTAL)l pulse width 12 ns
10 | m™w2 XTALZ pulse width 20 ne
11 | TPD XTAL]1-XTAL2 relative

delay time 15 24 ns

. 1 T ' 35V
XTALI P4 N 1A \ gy
— _—, .
]—7-: ol I |
PR VRSP )
i —— 3 L, 35V
XTAL?Z W W/ \ bav
b =
(]
-8
) -
DITR )( 33y
Aluputs X [13.1%
——
1 ()
g \ / 5\ 24

XTALL '—/| \————-/ \—

b ]y —

L)
NTaL? E :
\ l \ 20V
R
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*RESET Input timing

No. | Symbol Parameter Hin. TYPp. Max. Unit
1 TRESET { *RESET low-level .
pulse width 10 ms
RESET ---*x\\\¥= ’(//r"‘“'
DC characteristics
Symbol Parameter Conditjion Min.| Max.! Unit
* VOL4 Low-level output voltage
(group 4) IOL = 1.6 mA 0.4 v
VOLS Low-level output voltage
{group 5) I0L = 1.6 mA 0.4 v
VOLS Low-level output voltage
(group 6} IOL = 10 mA 0.4 v
VOL7 Low-level output voltage
{(group 7) IOL = 1.6 mA 0.4 v
VCH4 - High«level output voltage
- group 4) IOH = 100 vA |2.4 v
VOHS RBigh-level output voltage
{group 5) IOH = 60 uA 2.7 v
ILI Input leak current 10 uA
ILO Qutput leak current
(floating) 25 uA
Icc Current consumption 230 nA
Notes:
Group 4: CDO to CD7, RDO to RD7, ADO to AD7, *vDS, CBDR,
CPUCLK, CO to C7
Group 5: *RAS, *CASO, *CASl, *CASX, R/*W
Group 6: *DLCLK, *DHCLK
Group 7: *INT
Input/output power capacities
Symbol | Parameter Condition Min. Max. | unit
CIN Input power capaclity VIN= 0 V 10 pF
couT Output power capacity VOUT = 0 V 10 123
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External output clock timing

No. |Symbol |Parameter Condition [Min. |Typ. |[Max. |OUnit
8 |fDHCLK |*DECLK frequency 10.13]10.74|11.28| MEZ
8 |TEWL *DHCLEK low-level

pulse width 20 ns

10 |THF *DHCLK fall time 25 ne

11 |fDLCLE |*DLCLK fregquency CL = 50 pF| 5.06] 5.37| 5.64| Mz

12 |TLoWL *DLCLE {output) low-

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

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

delay time =15 15 ns
15 |fCPUCLEK|CPUCLE frequency 3.37]| 3.58| 3.76| Muz
leé |TQWH CPUCLK high—level

pulse width CL = 110 ns
17 |TCWL CPUCLK low-level 100 pF

pulse width 110 ns
i8 |TCR CPUCLEK rise time 25 ns

1% j7TCr CPUCLK fall time 25 ns

20 JTLCHXD |*DLCLK (cutput) high-

XTAL delay time CL = 50 pF| 20 50 ns

21 |TLOLXD {*DLCLK (output) low-

XTAL delay time 24 50 ns

Note: The values shown for *DHCLK and *DLCLK assume that RL = 1 k ohm. .
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CPU-MSX-Videc Interface

No. |Symbol |[Parameter Condition {Min. |Typ. |Max. |[Unit
1 [TASR Address setup time
{related to #*CSR) 0 ne
2 | Tasw Address setup time
(related to *CSW) 30 ns
3 | TAEW Address hold time 50 ns
4 | TDSW Data getup 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 L= 100 150 ne
9 |TPVX,A |Data invalid time 300 pr 0 ns
10 |TWX Data disable time 65 | 100 | ns
11 |'1IW1W *CSW pulse width
high, 2nd-lst,
lst-2nd byte 2 us
12 {'1W2w *CS5W pulse width high,
2nd-3rd, 3rd-3rd,
3rd-1st hyte 8 us
13 |TS1RW |*CSR-*CSW getup time,
1st-1st byte 2 us
14 171529 | *CSR-*CSW setup time,
3rd-1st byte E us
15 jTS1WR *CEW-*CSR setup time,
2nd-lst byte 2 us
16 | TSZ2WR *C5W-*CSR setup time,
Z2nd-3rd byte 8 us
17 |TW1R *CSR pulse width high,
lst-1st byte 2 us 4
18 |TW2R *CSR pulse width
3rd-lrd byte 8 us
t 6
o= N A
N e
i .
b—2mm — 13— V)
i ' [
1
MODE X x )
i)
=

>.<-_l

[
]
]

CPU-MSX-VIDEO write cycle interface
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Note:

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

MEX-VIDEQ register read timing
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The numbers n (where n = 1, 2, 3) marked in the pulses show the
byte order (lst, 2nd, 3rd) sent from the CPU.

MSX-VIDEO register write timing
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MSX-VIDEQ-VRAM interface

No. |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 Rezd data hold time 0
6 |TRP *RAS precharge time 90
7 |TRAS *RAS pulse width 130
8 |TRSH *RAS hold time 60
9 |rcas *CAS pulse width 85
lo |TCSH *CAS hold time 140
11 |TRCD *RAS-*CAS delay time 40
12 |TCRP *CAS—*RAS precharge
time 90
13 |TRARD |Row address-*RAS
delay time 5¢
14 JTRAR Row address hold time 12
15 {TCACD |Column address-*CAS
delay time L
16 |TCAH Column address hold L =
time 150 pF| 100 ns
17 |TCAR Column address hold
time (for *RAS) 130
1& |TRCD Read command-*CAS
delay timae 30
1% |TRCH Read command
hold time 30
20 |WweH Write command
hold time 70
21 |IWEH Write command hold i
time (for *RAS) 150 .
22 |TWP Write command pulse
width 120
23 |TRWL Write command-*RAS
read width 150
24 |TOWL Write command-*CAS
read width 120
25 JTDCD 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 cyclel 70

Note: The above epecifications apply to version C of the V9938.
The following items apply to-Versions A and B. To distinguish

Versions A, B, and C, refer to page 134 of this data gheet.
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of
Version

No.| Symbol Parameter

A B
14 TRAH Row address hold time 10 10
15 TCACD | Column address~*CAS delay time =5 0
26 TCH Write data hold time 30 30
27 TDER Write data hold time (for *RAS) 70 70
—_ TRSH* | *RAS hold time during read only 15 No rating
-— TRAS* | *RAS width during *RAS refresh only 60 No rating

g
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{

VRAM write cycle (early write)
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Composite video signal oeutput level

Versions A and B

Symbol |FParameter Conditicn [Min. |Typ. |Max. |Uait
VWHITE |White level output voltage 2.20 ]2.55 2.0 { v
VWHITE |White level output voltage
(B/W) (using Black & white) 2,30 12.65 {3.00 | v
VBLACK (Black level output valtage 2.00 ]2.30 12.70 | v
VSYNC |Sync level output veoltage RL = 1.90 |2.20 |2.60 | ¥
viB Color burst pulse width 470 ohms|0.14 |D.19 |0.24 v
VP~P Electric potential
difference between
white and sync levels 0.24 (0.35 |0.44 [ V
VP-P Electric potential
{B/W) difference between
white and sync levels
{using black & white) 0.34 10.45 |0.54 J V¥
Note: The typical values listed in the above table assume that
VCC = 5.00 V and TA = 25 .
Version C
Symbol [rParameter Condition |[Min. |Typ. |Max. |Unit
VWHITE |White level output voltage 2.20 |2.60 j3.00 | V
VWHITE |White level output voltage
(B/W) fusing BElack & white) 2.50 f2.80 13.20 v
VELACK |Black level output wocltage 1.80 |2.20 2.50 | V
VSYNC |Sync level output voltage RL = l.60 |2.00 |2.30 | V¥
Ve Color burst pulse width 470 ohms(0.16 J0.22 |D0.28 | V
VE-P Electric potential
difference between
white and sync levels 0.40 10,60 J0.75 | V
VP-P Electric potential
{B/W) difference between
white and sync levels
(using black & white) 0.60 ]0.80 |0.95 | Vv
Mete: The typical wvalues listed in the above table assume that

VCC = 5.00 V and TA = 25 .

1)
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RGB output level

Symbel [Parameter Condition |Min. |Typ. [Max. |Dnit
VRGB 7 |RGB maximum output Voltage |RL =
470 ohme|2.5 2.8 3.2 v
VRGE 0 |RGE minimum output voltage |RL =
{Black level) 470 ohms|1.7 2.0 (2.4 v
VE-P RGB elecktrical potential RL =
difference VRGB7-VRGBO 470 ohms]0.65 [0.8 ]1.00 | V
DRGB RGB electrical potential RL =
difference P-P 470 ohms 5.0 |
Note: The typical values lieted in the above table assume that
VCC = 5,00 V and TA = 25 ‘C.
Synchronize signal output level
Symbol Parameter Condition |Min. |[Typ. [Max. |Unit
VTLVE 1 | Tri-level output high- RL =
level ELEQ 1l k ohim}{ 4.5 vCe v
VTLVM 1 Tri-level output RL =
intermediate level BLEQ 1 k ohm{ 2.5 3.5 v
VILVL 1 | Tri-level output low- RL =
- level BLEO . 1 k ohm 0.4 v
VTLVE 2 | Tri-level output high-
level HSYNC, CSY¥YNC No load 4.5 vec v
VTLVM 2 Tri-level output
intermediate level
HSYNC, CSYNC No load 2.7 3.7 v
VILVL 2 Tri-level output low-
level HSYNC, CSYNC No load 0.8 v
VYH *¥s ocutput high level ICB =
100 wA| 2.4 v
VYL *¥s output low level IO =
1.6 mA 0.4 v
ITLVE High-level input current |VI =
BSYNC, CSYNC 0.4 V -4.0 mA
ITLVL Intermediate level input VI =
current HSYNC,CSYNC 0.4 V -2.0 | mA
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Composite video signal A
No. [Symbol {Parameter Condition |Min. [Typ. |Max. |unit
1 |TECV 1 |[HSYNC fall time 110 na
2 |TWEHS HSYNC pulse width . 4.50 4.70| us
3 |TrCV 1 |HSYNC rise time 90 ns
4 |THS-CB |BSYNC color burst delay

time g.40 0.60] us
5 |TWCB Color burst width RL = 2.60 3.30] us
6 [TCB-LB |Color burst-left border 470 ohms

delay time 1.10 1.50} us
7 {TroVv 2 |VBLACK-VWHITE rise time 90 ns
8 |IwLBE Left border width L= 2.4 2.7 us
9 |TfCV 2 |VWHITE-VBLACK fall time 150 pF 100 ns
10 |TIwAD Active display area 47.00]47.68]48,00| us
11 |TwRB Right border width 2.50 2.80| us
12 |TRB-HS {Right border-horizontal

© synchronous delay time 1.20 1.50] us

Note: Items 8 and 11 are when Display Adjust is 0.

RGB signal
No. |Symbol |Parameter Condition jMin. |Tvp. [Max. |Unit
13 |TrRCE RCEB gignal rise time RL =

(VRGBY —> VRGB7) 470 ohms 60 ns
14 |TERGB RGB signal fall time as=

(VRGB7? —3 VRGBO) 150 pF 60 ns

Note: Measurements are 10% to 90%.

VeHITE«wvnonneas —

fewmereaana s
S ——

[ S

V2 34 s Wi v Tuy ou

R.G.B

123




V8338 MSX-VIDED Data Bheet
Synchronize eignals
Ko. | Symbol | Parameter Conditioni{Min. |Typ. |Max. |Unit
1 [TESY 1|BLEO intermediate level-
low level fall time 100 ns
2 TrSY 1|BLEC low level-intermediate]
level rise time 140 ns
3 jTrSY 2|BLED low level-high level
rise time : 220 ns
4 [TLESY 2|BLEO high level-low level | CL =
£all time 50 pP 110 ne
5 |TrSY 3|SYNC intermediate level-
high level rise time 300 | ns
6 ]TESY 3|SYNC high level-intermediate
level fall time 1100 ne
7 |TrST 4} SYNC low level-intermediate
level rise time 200 ns
B JTrSY S[SYNC low level-high level
rise time 400 ns
9 {TrSY 6|*YS low level-high level
rice time 25 ns
10 |TESY 6|*YS high level-low level '
fall time 25 ns

Note: BLEQ is the value when RL = 1 k ohm.
Times shown are 10 to 90%.




V9938 MSX-VIDEQ Data Sheet

mm—————— i

BLEO " ty--- TEmems s e VTLANMI

.- Wittt i 1T
HSYNC b *

WAL 1
= \-Luhd'] ! meem—--VTliL:

HSYNC
{SVNL mudey
<1

Vi

CSYNC H IO -

Vil

kL R T ——— -°-—'-\'11.\L2

mwwese= VYL




V9938 MSX-VIDEC Data Sheet

csyse U U VVVUT VLU vy vy U o

First field

esyse UM U YTV LA AT U Y

%.—::.-:

4.66 Aec 4.56.mec

Second field

tS 3] X'Cn!mde } ———

msyxe N

.(5\'&:.‘nmd¢) .




E"l‘i‘ . .- o . . " K gl il St P T TR ORI I Yo L 1 L) o R 720 B o i x

V9938 MSX-VIDEO Data Sheet

Color bus -
No. | Symbol |[Parameter Condition|Min. |Typ. [Max. [Unit
1l jTDCBO |[*DLCLR-color bus output L =

delay time 50 pF 100 | ns
2 |THCBO [*DLCLK-coler bus output =

held time 50 pF 20 ns
3 |TSBL |Color bus input setup time - ¢ ns
4 |THBI |Color bus input hold time - 20 ns

-

|

Color Bus "
W ['uca .

e

'[

Cohr Bus
tknpan)

X
L

P 132
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VIS
No. |Symbol | Parameter Condition {Min. |Typ. iMax. jUnit
1 |TDVDSL| *DLCLE=-*VDS low level
delay time CL = 50 pF| 50 100 | ns
2 |TDVDSH| *DLCLK~*VDS high level
delay time 50 100 | ns
3 |TsvDs *WDS setup time (for
*CASO0 and *Casl) 20 ne
4 |THVDS *VD5 hold time (for
*CAS0 and *CaSl) 0 ns
oo A/ N/ \__/ \_J/ \_{
: 1
: o :":".
Ty e
T S N/ [ £ :
i CAM1 : . :‘
.3: oy
~ =
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4. External measurements of package -
v-3938 P LiaTY 64 Pin shrink DIP
- .
ANANAANARASAAAAAAAANNNAANANDNA .
AN Note:There are two
- types (LIDof section A.
.
@) O :
v UEB@FUUUUUUUUUUUUUUUUUUUUUUUU
- = S&U"l
F 1
Ak L3 19081YF
{ - ’__ o
|=-,h;~l‘
T UL T 1 N
Y=t ==
- -3 A 0~15
048581
Lead material: 42 alloy
Lead coating process : salder DIP ar Tir!Sna)plating
Note:

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

5. Version identification

ARANANANAARANAAAAAARNARANANNGAN
[=3 Vo938 mMANA

© 1384 MIEROSTPT
WOEX £t PR
n.o 302 8 5S4 13 3L

VWUV UUﬁUUUUUUVUUUUUUUUUU

Version indication A version: None
B version:B
C version:C
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V3338 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 mes
¢ycle, 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 AD]l toc AD7 on the V9938 to DRAM address pins A0 to AS.

= 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 ADS and AD7 of the V9938 to pins A0 to A6 of
the DRAM. Also connect pin AD6 to pin A7. hen this configuration
is used, only addresses A0 to A6 of the DRAM are refreshed.

l1-1 V9938 Refresh Address Qutput

The method of outputtin§ refresh addresses on the V9938 dQiffers
depending on the mode being VR or display.

Considering the refresh address as (MSB}) R7 R6 RS R4 R3 RZ R1 RO, 236
addresses are refreshed within 4 ms.

Refresh address ocutput methed

V99318 adderss|AD7 JAD6 |ADS }AD4 |AD3 |AD2 |AD1l |ADO

VR = "0’ RS | R4 | RO R2 Rl RO rR7T | m6
VR = '0', G5, G7 modes RO R7 R6 RS R4 R3 RrR2 Rl
VR = '0', non-G6, G7 medes R? R6 RS R4 | R3 R2 Rl RO

Maximum Refresh Cycle

1. 256 cycle refresh 4 ms
2. 128 cycle refresh

- Using addressec other than RY 1.25 me
- Using addresses other than -RE 1.9 ms
- Using addresses cther 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 addresc pin connection '
and maximum refresh cycle i
1. vrR = '°
= DRAM construction with 7-bit row and column addresses

Maximun ;

refresh cyecle !
DRAM addresses A6 AS M A3 A2 AN N :
V8938 addresses (AD) 7 6 s 4 3 2 1 1.9 ms

— DRAM construction with 8-bit row address and 6-bit
column address

Maximum
refresh cycle
DRAM addresses AT A6 AS A4 A3 A2 Al AC

V9938 addresses (AD) 7 6 5 4 3 2 1| 0] 2.2 ms

(AD) 0 6 5 4 | 3 2111 7] 1.9 ms

Ma ximum
refresh cycle
G58/G7 Non-G&/ G/ :
DRAM addresses A7 A6 A5 A4 A3 A2 Al AD Mcdes Modes l

V9938 addresses (AD}| 7 6 S5l1413]2112)]10) 2.5ms 1.25 ms

tapy| 6 § 7 S| 413[2]1]0])] 1.25 ms 1.9 ms

(ap}] s | 7| 6| 4§3[2l1}0]1.9ms 2.2 ms

. e Y A k. x

Note: The maximum refresh cycle is the value when the DRAM refresh
addresses are A6 to AD.

b A A et T e s
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2. Examples of VRAM Interface

2-1 16K bytes
- (16K x 1) x 8

-1
- |
me
- .
r ] .
— =1
I
=
1
—
J
ey ——
= l am
== H|
il

L]
[
i
i
(4
Al
L}
CA3D
R
B
RD

vosals

T T O S T H A BT N VIR iy vy ——



V9938 MSX-VIDEC Appendix :
— (16K x 4) x 2 !
v3g3g ?
:DT '
i 'f
h ]
L)
[T H
i !
1 i
m :
|- -
Thg &E 23 l
LH
5 |
[ %]
R0
1)
]
]
l nr
2-2 32K bytes : ;
- {16 x 4) x 4 .
v9918 :
A7 |
i
AD& i
A
Al
ADT 1 ]
{ ] ] { ] 1
M1ZI4567
E- o - -
A% CAS k
w 1 i |
1 |
&
| 7]
i
"D
‘ 1
RO
‘ tad
'\
§
i
Ny
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x B

(64K x 1}

2~3 64K bytes

]

=
=
1

|

139




A
1
V9938 MSX-VIDEO Appendix
- (648 x &) x 2 !
v99ae é
:U? . }i
z;é |
1] |
] ] ;
FIFEY i
m u- =y i
mw i
%g
o ,
Hr :
2-4 128K bytes ) 1
- (64K x 4) x 4 K
vg93e :
a7 )
i |
l 5
i |
A I I i
i Il I
123435
m - - -
RASCAS OF DOg] 2
] | | [ i
¥
4 |
[ {
£ !
. |
ﬂﬁ !
— |
nr !
i

o
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= - - - pay :El.
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1y =« : u

:

“

1]
il 0] H o [ i
- i B i BT

| o il 1T 1 1 [ - }
1 1 ) | 1 1 I ! | BB
(7]
JEE6A

{64k x 1) x 16
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3. Clock oscillation internal circuitry

Rl Approximately 1 k chms
R2 Approximately S00 k ohms
TRl Depletion transistor

TR2 Enhancement transistor

V9938

4 XTALZ (64}
Internal clock et | T2
\ Yu O—ﬁ-
R2 E Rl
e . 4J XTALI63)
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4. Usage of unused pins

- Output pins

All unused output pins may be left open.

= Input or input/output pins

*DLCLK (3)
BSYNC (5)
CSYNC (6)
C7 to C0 (12)
*LPS (26)
*LED (27)
VBB {33

to (1%)

Pull up with a2 resistor

Open

Open

Open

Connect to VCC

Connect to VCC

Open or connect to GND (1) through
a capacitor
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5. Cycle-mode -
The V9938 has three cycle modes, which may be specified according to
the following settings of bits S0 and S1 in register #9.
ESYNC
s Cycle | Screen *YS £y '
1 0 mode mode Righ level Low level :
¢ 0 0 PC only | Burst flag B counter Low fXTAL/1368
reset input
0 1 1 Mixed HEYNC B counter Bigh/| £XTAL/1365
reset input | Low
10 2 Ext. HSYNC H counter High | £XTAL/1365
Video reset input
|
[}
1
i
3
i
144 .
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6. Cycle inpit
HSYNC input

When the V counter is set to 6, input f£rom HSYNC is received, and the
B counter is reset on the edge of the transition from BEigh —-> Low.

When the HSYNC Gate signal is Low, in other words, the V counter {is
set to a number other than 6, input eignals tec the BSYNC input are
ignored.

" I
[ [)
Counter & !'.“ : - : :;"
HSYRC I T }
Gate  ——d P -
= o :
NSYNC : |t -
(Out; é I—' E
»
]
s s
Vo s X s A

V Reset input (CSYNC)
The V Reset signal is a signal that is internal to the V9938 that

cycles at 2.98 us. When three consecutive Lows are received, the V
counter is reset. Simultaneously, the first field is selected.

Sampling Clock I6DLCLKE

Sumpling

Vi J

Pulse

Viane X x [t]
Field x 15t
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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) 1, 2 0 1, 2 o
Display cycle 1024 | 1024 860 960
Right border 57 59 85 87
Right erase time 26 27 26 27
Synchronize signal 100 100 100 100
Left erase time 102 102 102 102
Left border 56 56 92 92
Total 1365 1368 1365 ] 1368
Kote: The above table shows the relationship between the RGB signal

and HSYNC when the Display Adjust Register (Register Numbker

18}

is set to 0.

rGE | Display ume | e}

'
S——————e sty
b " \

Havse

Right erase time

Left erase time

Synchronize signal

7-2 Vertical display parameters (NTSC}

—— e

Unit: Lines
Lines 192 lines 212 lines é
LN =0 LN =1 I
Interlace Interlace !
Field Field
Non- Non-
Interlace| 1st Znad Interlace| 1st 2nd
synchronize signal 3 3 3 3 3 3
Top erase time 13 13 13.5 13 13 13.5
Top border 26 26 26 16 16 16
Display time 192 192 192 212 212 212
Bottom border 25 25.8] 25 15 15.5| 15
Bottom erase time 3 3 3 3 3 3
Total 262 262.5|262.5 262 262.5]262.5
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7-3 Vertical display parameters (FAL)
Unit: Lines
Lines 192 lines 212 lines
LR=20D LN =1
Interlace Interlace
Field Field
Non- Non-
Interlace| lst 2nd Interlace| lst 2nd
Synchronize signal 3 3 3 3 3 3
Top erase time 13 13 13.5 13 13 13.5
Top border 83 53 53 43 43 41
Display time 192 192 152 212 212 [212
Bottom border 48 48.5] 48 39 38.5| 38
Bottom erase time 3 3 3 3 3 3
Total 313 312.51312.5 313 312.5]312.5
Kote: The above table shows the relationship between RGB and VSYNC
when the Display Adjust Register (Register Number 18) is set
to G,
RGBH I Trp hurdrrj Dispiay time TB«.—.:-m brwgder ]
T i
VEYNG [iJ I _
Top erase time Buttom erase lime
Synchronize mignal
147
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V9938 MSX-VIDEQ Appendix T
8. Color -palette -
G| R|B The color palette is set as shown in the
table when a RESET is done. This table has
0 Q 0 0 nc meaning in G7 mode since the color
1 cjocto palette i= not used.
2 6 1 1
3 7 3 3 In addition, since there are only four
4 1 1 7 colors available in G5 mode, wvalues from 4
5 3 2|7 to F have no meaning.
Color € 1 511
code 7 ) 2 |7 In this table, 0 means that the GRB
8 1 7 1 intensity is 0, and 7 means that the GRB
9 3 7 3 intensity is set to maximum.
A | 6 6 1
B | 6 6 4
o 4 1 1
D| 246 5
E| S 5 5
F 7 7 7
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8, Composite video color burst

The phase of the color brust is
register numbers 20, 21, and 22.
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.

149
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V9538 MSKX-VIDEO Appendix . —
106. Color bus -
Color bus
Mode
7 [ L F ) 3 2 1l 1]

Text I, II

Multicolor X X X X CC3 cC2 CCl CCo

Gl to G4

63 x | x | x| x [cca|cco]cer| ceo
~/ ¢—— Even > | «—— 0da ——
/ G6 . [ i ccz CCl cCo CC3 cCcz2 cCl cCo

G7 cCc? CC6 | CC5 CC4 | CC3 } CC2 | CC1l | 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 €C3) output the
coler code. These bits must be set befure the signals are placed on
the color bus. In this case, the upper four bits are ignored. 1In
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. o

When using high resolution medes such as G5 and G6 modes, the even and
odd dots are handled together as in 0-1, 2-3, 4-5, etec. (This is the
gsame during input and ocutput).

, |
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11. Sprites in G5 mode

In the G5 mode, the static screen has & 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 resolution of a static screen. As

a result, the sprite pattern has a resolution of 256 dots in the
horizontal direction. and the coordinates are x = 0 to 255.

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

e 1 2 3 4 5 & 7

0 AB|A B _
1 B cCDp|iCD
2 |E FIE FIE P|E F{E F|E FIE F{E F
3 |G BIG BIG A|G B|G R|G E|G H|[G E
4 1 J|14g
5 B KLIKL -
6 B M N[M N 7]

- —_
7 O P{O PiO P|O P

Fig. 1 Sprite pattern

MSB LsB
ofe o 9o 1 1 o0 ¢ ¢
r]J]e ¢ o0 1 1 o0 0 o0
211 1 1 1 1 1 1 1
311 1 1 1 1 1 1 1
4} 0 o0 1 1 o0 o o0
510 0o 0 1 1 o0 @ 0O
66 0 o 2 2 © 0 O
740 0 1 1 1 1 o 0

Fig. 2 Pattern generator table
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The colors of the sprites depend con the settings of the sprite esler
table. The upper 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
pPixels, and the lower two-bit group is for the color of odd pixels.
If the bits are set individually for ‘each twe-kit 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
4‘;
1 c I c
2 E | F
;
3 G | =
4 It 3
;
5 F I L
; ¥ 1 N
7 o 1 @ -

Fig. 3 Color table
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