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PREFACE

The V9938 introduced in this manual is a Very Large-Scale 1ntegfated
"Circuit (VLSI) that was developed as a Video Display Processor (VDP)

for the MSX2. The MSX personal. computer standard was introduced in

1983 by ASCII Corporatlon 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 MSX, the MSX2 supports.new media and has video .processing

capabilities that are not available on conventional' 8-bit personal .
computers.

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

- were upward compatiblity with the existing TMS9918A (the VDP for the
. MSX) software while increasing the number of functions. The V9938 was
developed through the joint efforts of ASCII Corporatien, Microsoft
Incorporated, and YAMAHA. B ’ : :

The following functions are supported on the V9938.

- Full bit-mapped mode '
—. 80~column text display - ’ _ o
- Access using X- and Y-coordinates. ' The load of the I/O
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/O drlver' 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 o

Because the V9938 has the above fun¢tions, it provides for superior
video capabilities that make it possible for its use in a variety of
applications, -including the MSX2. CAPTAIN terminals and NAPLPS
terminals using. the V9938 have already been developed. We hope that

Ehe V9938 will be a standard v1deo processing . device on a worldwide
asis. N

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

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

Pinally, we would like to express our deep gratitude to the people ot

[

NTT &as well as the other related manufacturers for their valuable
opinions which contributed to the development of the Vv9938.
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BASIC INPUT AND OUTPUT

1. Accessing the Control Reglsters

There are two ways to set data in the MSX—VIDEO control reglsters (R#0
to R#46), which we w111 descrlbe below. :

1.1 Direct access o L -

Output the data and the register number in sequence to port #1. Since
this order 1is always used, be careful when you access the MSX-VIDEO
for an 1nterrupt routine. 4

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

Port $1 First byte |07 |p6 |p5 |p4 |p3 |D2 |D1.|DO | DATA

Second byte 1 0 |RS |R4 |R3 |R2 |RI"|RO REGISTER #

1.2 Indlrect access

Specify the reglster numbet’ in control reglster 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 MSB (AII, the autoincrement bit) to centrol aut01ncrement1ng.
The data in R#17 cannot be c¢hanged by indirect’ addre531ng.f '

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

MSB 7 6 5 -4 3 2, 1 0 LSB
Register #17 ATI| 0 |RS |R4 |R3 [R2 [Rl |RO | REGISTER #
| [:: l: Auto increment inhibit
0:

"Auto increment on -

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

i

Port #3 Second byte |D7 [D6 [D5 |p4 (D3 [D2 |D1 |DO | DATA

Port #3 nth byte ~ {D7 |D6 {D5 |D4 [D3 |D2 D1 |DO | DATA

2. Accessing the Pallete Registers

To set data in the MSX-VIDEO palette registers (P#0 to. P#15/9 bit),

you must first set the palette register number in register R#16 (Color

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

[
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MSB 7 6 5 4 3 2 1 0 LSB

Register #16 0]o] o] ofc3|cz|c1|co| Paliete ¢
Port #2 First byte | 0 |{R2 |RL |[rRo | 0 |[B2 |B1 |BO | DATA
AT 8 N e b
Red data - Blue data

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

"Green data

3. Accessing the Status Registers

To read the status regis the MSX-VIDEO (S#0 to S#9), you must
first set the register number in R#lS (Status reglster p01nter) and
read the data through Port #1l. v : ,

MSB 7 6 5 4 3 2'7 1 0 LSB.

Register #15 0 0 0 0o |s3 |s2 |s1 |so Status register #

Port #1 Read data |D7 [D6 |D5 [D4 |D3 p2 |p1 |po | para

4. Accessing the Video RAM _

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

Address counter .

. 1FFFFH
OFFFFH
00000H
. Video RAM . Expansion RAM
(For display) : _ (For data I/O registers)

Accessing memory
To access memory, follow the procedure below. .

l. Switch banks (VRAM to Expansion RAM)

2. Set the address counter (Al6 to Al4)

3. Set the address counter (A7 to A0)

4. Set the address counter (Al3 to A8), and specify read or write
5. Read or write the data




« ——
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1. Switching banks (VRAM to Expansion RAM)

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

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

MSB 7 6 5 4 3 2 1 0 LSB

Register #45 0 |MXC|MXD|MXS|DIY|DIX|EQ |MAJ| Argument register

" — 1: Expansion RAM
——— 0: Video RAM

2. Setting the address counter (AlG—Al4)‘

Set the high-order three bits (Al6 to Al4) of the address counter
using register R#14 (VRAM Access base address redister). -

MSB 7 6 5 4 3 2 1 0 LSB

Register #14 0 0 O 0] 0 A16|ALS Alé‘ VRAM Access base
: o — — ———— " address register

3. Setting the address counter (A7 to A0)

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

'MSB 7 6 5 4 3 2 1 0 LSB

Port #1 A7 |A6 |AS |A4 |A3 [E2 |Al |AO | First byte

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

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

" 'msB 7 6 5 4 3 2 1 0 LSB

Port #1 "X | X |Al3]|A12|Al1|ALlO0|A9 |A8 | Second byte
Lo ol ol il ki
0 0: Read
0 1: Write

5. Reading or writing data

Since the address counter is'automatically‘ihcremented when data is
read from or written to Port #0, you may continually access blocks of
data.

* To access the VRAM, you-can also use- commands. These commands will
be explained in a later chapter. : ‘
* Refer to the data sheet for access tlmlngs.
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REGISTER FUNCTIONS

1.

1.1

CONTROL REGISTERS #0. to #23 (Write only)

#32 to #46 (Write only)

Mode Registers

R#0
R#1

R#8

R$9

MSB 7 6 5 4 3 2 1 0 LSB

0 |DG |IE2|IE1|M5 |M4 M3 | 0 | Mode Register 0

0 |BL |1EO|{ML M2 | 0 |SI |MAG| Mode Register 1

MS |LP (TP ICB lVR l 0 ISPDIBW Mode Register 2

IN | 0 |s1 |so [1L |EO |*NT|DC | Mode Register 3

* Indicates negative logic.

R#0

R#1

R#8

R#9

MS

DG :

IE2:

IEl:

M4
M3

ee o0 oo

BL

IEO:
Ml

SI

5

LP :
TP

3

LN :

Sl
S0

e oo

Sets the color bus to 1nput mode, and 1nputs data into
the VRAM. , ‘
Enables 1nterrupt from -Lightpen by Interrupt Enable 2.

Enables interrupt from Horizontal scanning line by
Interrupt Enable 1.

- Used to change the display mode.

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

When 1, screen display enabled. When'O,,§e:een
disabled. ’ '

. Enables interrupt from Horizontal scanning line by

Interrupt Enable 0.

Used: to change the dlsplay mode.

Used to change the display mode. ‘

When 1, sprite size is 16 x 16. When 0, 8 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.

Selects the type of Video RAM.

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

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

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

When 1, sets black and white in 32 tones.

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

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



V9938 MSX-VIDEO USER'S MANUAL

When 1, interlace (Complete NTSC timing)

When 0, non-interlace (Incomplete NTSC timing)

EO : When 1, displays two graphic screens interchangably by
Even field/0dd field.

When 0, displays the same graphlc screen by Even
field/odd field..

IL

*NT : When'1l, 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

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

Note that when these reglsters are accessed, the contrel codes that'
the screen may receive depends on the dlsplay mode., For this purpose,
you must mask the unwanted bits. s :

MSB 7 6 5 ‘4 3 ‘2 1 0 LSB

R#2 0 |Al6|AlS AiArAlB,AlngllelO, Pattern name table base
. —— - ' address reglster ’

R#3 a13|ate|a1{ato| s {as fAW_fASd; Colot ‘table base address
——b——— register low

R#10- (0o | o[ o0o| 0] o ﬁAiEfAI%”A&4“ Color table base address
H e S B —- register high

R#4 | 0 | 0 [AI6f{A15|A14|A13|AL2|All| Pattern generator table
o — == ——————————"" base address reglster'

rés.  |ara]atafarz[aii[ato]ne {as {a7 | sprite attribute table
: base address reglster low_

R#11 ololoflo] o] o |aselals]| Sprlte attribute table:
‘ base address register high

R#6 0 0 |Al6|A15|A14|A13|A12|Al1l| Sprite pattern generator
' table base address register

1.3 Color Registers

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

MSB 7 6 5 4 3 2 1 0 LSB

"R#7 TC3|Té2|Tcl|TCco|BD3|BD2|BD1|BDO| Text color/Back drop
) ‘ color reglster
TC3 to TCO: " Spec1f1es the text color according to TEXT 1
~and TEXT 2 modes.
BD3 to BDO: 'Specifies the back drop color in all display
modes.
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MSB 7 6 5 4 3 2 1 0 LSB

. R#12  |T23|T22|T21|T20|BC3|BC2|BC1|BCO| Text color/Back color
- ' , reglster

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.

MSB 7 6 5 4 3 2 1 0 LSB

R#13  |on3|on2|on1|ono|oF3|oF2|oF1{oro| Blinking period register .

In the bit map modes of GRAPH4 to GRAPH7, the two pages are
alternately displayed (blinked). Place data in this register to set
the dlsplay page to an odd page to begln bllnklng._ ThlS reglsteri is
also used in the TEXT2 mode. Ceiiere, , . ’

ON3 to ONO: Display ‘time for even page
OF3 to OFO0: Dlsplay time for odd page

i

MSB 7 6 5 4 3 2 1 0 LSB

R#20 oJojlofofofofo] 0] color burst register 1
R#21 o{of{1|1]1]o|1]1] color burst register 2
'R#22 0| o pb-:gbp: o] 1]0} 1] color burst register 3

The above values. are. preset when the power is. applled. JIf 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 s1gnal will be output. ‘

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

CRT.

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

R#18 [v3 |v2 |v1 |vo |m3 [m2 |m1 |mo | Display adjust register

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

H=7...H=1, H=0, H=15. . . H= 8
(Left) —_— (Center) | - (Right)

]
I

V=8...V=15V=0,V=1 ...V=7
(Bottom) (Center) o . (Top)
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MSB 7 6 5 4 3 2 1 0 LSB

R#23  [D07 |DO6|DOS [D04|DO3 [DO2 |DO1 |[DOO| Display offset.register

The above :egister sets the location of the line to begin display.

VRAM (Line)

TOP —— 0
h ,_‘CRrvsereeaif ‘ .
BorTOM | —————1 192 or 212 R#23 =0
1 255
0
CRT Screen
BOTTOM [———— 136 or 156  R¥23 = 200
TP - R L | 200-
CRT Screen
255

MSB 7 6 5 4 3 2 1 0 LSB

R#19  |1L7|TL6|ILS|IL4 IL31IL2 ILl:ILOf Interrupt 11ne reglster

You may specify 1nterrupts when the MSX-VIDEO beglns to d;splay a .
specified scanning line. To enable the 1nte;rupt, use the above
register to ‘sét the scanning 1;neu,

1.5 ACCESS*REGISTERS'

The access reglsters are a set of reglsters used when accessing the
MSX-VIDEO reglsters or the VRAM. - < : - : :

MSB 7 6 5 4 3 "2 1 0 LS

REL4 ojojo|o]o Téié"Als Al4| VRAM Acces
. : Ses———— register

When acce551ng the MSX-VIDEO and the V1deo RAM (VRAM) set the ~high-
order three bits of the address 1n the VRAM access base address
reglster.‘ . ; , . s

When data is set in this reglster, and theeVRAM 1s actessed, if there
"is 'a carry from Al3, the 'data in the reglster is automatically
incremented. In GRAPHICl, GRAPHIC2, MULTICOLOR, and TEXT1 modes, the
data in the reglster 1s not automatlcally 1ncremented. .

" R#15 0] o '0 0 |s3 %52?281 }é@" Status reglster p01nter

When reading the MSX-VIDEO status reglsters (S#O to o
contents of the Status register pointer.
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MSB 7 6 5 .4 3 2 1 0 LSB

R#16 0o o] olfc3|c2|c1 |co| color palette address
C - ’ . register

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

MSB 7 6 5 4 3 2 1 0 LSB

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

In the MSX-VIDEO, the above control registéf‘pdihter may be wused to

-access another register. = In addition, according to the setting of the

AII bit, the data can be automatically ‘incremented.

ATl
AII = 0: Auto increment enabled

1.6 COMMAND

The following command registers are used when executing a command on

‘the MSX-VID

presented in a later chapter.

MSB 7 6 'S5 4 3 2 1 0 LSB

R#32 |SX7|SX6|SX5 sx4'sx3Asx2 5X1{SX0| Source X low register

R#33 | 0 | 0 ) o | 0| 0| 0| 0 |sx8| Source X high register

R#34 |sSY7|sve|sys|sv4|sy3|sv2|svi|svo| source Y 1ow register

rR#35 | 0 | o {01 0] 0] o |svolsys|. source Y high register

R#36 |DX7|DX6|DX5|DX4|DX3|DX2|DX1|DX0| Destination X low register

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

R#38 |DY7|DY6|DY5|DY4|DY3|DY2|DY1|DY0| Destination Y low T

R#39 [ 0 [ o [ o [ o | o | o |pvo|pvs| pestination Y high register

R#40 [NX7|Nx6|Nx5|Nxa{nx3|nx2|nx1|{Nx0] Number of dots X low register

X0
. , = — = . - o
R#dl "0 | 0] 0] 0| 0|0} O |NX8 Number of dots X high register

R#42 NY? NY6 | NYS|NY4 |NY3|NY2|NY1|NYO| Number of dots Y low regiSter

Rt43 [0 ] 0} 0 0 tAd‘:"OJéNYQAN¥8 Number of dots Y high register

R#44 |cu3[cn2fcnl|crofcr3|cr2fcrl [cLo]| color register

R#45 | 0 |mxe|mxp|Mxs|pry|pIx|{EQ {MAT| Argument register

R#46 |cM3|cM2|cmM1|cMo|nLo3|Lo2|Lo1|Lo0| Comm

[6¢]
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2. STATUS REGISTERS #0 to #9 (Read only)

The following status reglsters are read- only reglsters for
the status when the MSX-VIDEO is read.: o

MSB 7 6 5 4 3 2 1 0 LSB

—

S#0 . | ‘F |58 ‘C F1fth sprlte nnmber ~Status register

F: Vert1ca1 scann1ng 1nterrupt flag
When S#0 is read, this flag is reset.

5S8: Flag for the fifth sprlte

reporting

0

Five sprites are aligned on the f1rst horlzontal 11ne (In

the G3 to G7 modes, 9 sprltes are allowed)r

C: Collision flag
Two. sprites haveﬂcollided,

Fifth sprite number:
~ The number of - the flfth (or nlnth) sprlte.

MSB 7 6 5 4 3 2 1 o LSB

S#1 FL |LPS| Identiflcatlon # | | Status negistef

FL: Lightpen flag (nghtpen flag set)

1

 If the lightpen is to detect 1light, this bit as well as the
IE2 bit must be both set in order for an interrupt to be

enabled.. When S#l is read, FL is reset.

Mouse switch 2 (Mouse flag set) :
The -s€céond switch on the mouse was pressed.
In th1s case, when S#l is read, FL is not reset.

‘ LPS. nghtpen sw1tch (nghtpen flag set)
The lightpen switch: was~pressed«~

In this casé, when: s#1 1s read, LPS is not reset.

Mouse switch 1 (Mouse flag set)
The first switch on the mouse was pressed.

In th1s case, when s#l 1s read, LPS is mnot reset.'j*

o
Identification number. - .
The identification number (ID #) of the MSX-VIDEO.

FH: Horizontal scanning interrupt flag
Horizontal scanning interrupt (which is specified

in R#19)

flag. If IEl is set, an interrupt is enabled. When S#l

is read, FH is reset.

MSB 7 6 5 4 3 2 1 0 LSB -

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

TR: Transfer ready flag
When the CPU sends commands to the VRAM and other
the CPU checks this flag while transferring data.
flag is set to 1, transfer may be done.

devices,

When this
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VR: Vertical scanning line timing flag
Du

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

BD: Boundary color detect flag

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

EO: Display field flag
When 0, indicates the first f1eld.
When 1, indicates the second field.

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

MSBL 7 6 5 4 3 2 1 0 LSB

543 X7 |x6 [x5 |x4 |x3 [x2 |x1 |x0 ‘cQaumn tégistef iow
S#4 1 1 1 111 4{1 1 |X8 Column register high
S#5 Y7..}¥6 |¥Y5 |Y4 Y37-i2””¥1» Y0 . Row reglster low
S#6 1 1 1 1 i— 1 ﬁd'.fa Row reglster high

The above reglsters are set to 1nd1cate the colllslon locatlon of

sprites, the location of 1lghtpen detection, .and the relative movement
of the mouse.

(N

S#7 c7 |c6 [c5 [ca |e3 [c2 |c1 [co | color register.

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

S#8 BX7|BX6|BX5|BX4 BX3f§XZ,BXl BXQ Border X reglster low
S#9 - 1| 1| 1f1|1} 1| 1]8x8| Border X register high

When the search command isfexe¢utedyand,'the border color has been -
detected, the X coordinate is set in the above registers.

190
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TEXT 1 MODE

Characteristics ‘
- Pattern size _'1 C 6 dots (w) x 8 dots (h)
- Patterns 256 types

- Screen pattern count
- Pattern colors
- VRAM area per screen

40 (w) x 24 (h) patterns
Two colors out of 512 colers (per. screen)
4K bytes L

|

o0 00 40 00 00

Controls

- Pattern font

- Screen pattern location
- Pattern color code 1

- Pattern color code 0

- Background color code

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

6s 00 00 o4 oo

»
P

Initial Settings

1. Mode and Register Settings

MSB 7 6 5 4 3 2 1 0 LSB L
R#0 0 |DG |1E2|IE1| 0*]| o*| o*| 0 Mode registétjpf
R#1 0 |BL |1EO| 1*| 0*| 0 |sI |mAG| Mode reg}st‘jer;._l" :
R#8 Ms |LP TP |cB |VR | .0 |SPD[BW | Mode reéld:.stierﬁ _~_2,
R#9 LN | o [s1 [so | [Bo **nT[DC | Moge register 3
* Examples of settings in TEXT 1 mode 4 N  ::H”@i%

** Indicates negative logic
All other bits are set accordingly

"_l
[}
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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 R#4. ‘ I ‘

"MsB 7 6 5 4 3 2 1 "0 LSB

R#4 0 | o |al6|a1s5|{Aa14|a13]|A12|A11]| Pattern generator table
base address register

Pattern generator table .

(X=1 I3 0=0)

rr---*- These bits are not displayed.
MSB 76543210 LSB

00X00000
0X0X0000
X000X000 :
X000X000 —— Pattern number 0
XXXXX000 ;

X000X000
X000X000 -
00000000
XXXX00QO
X000X000
10 X000X00Q - S e : S

11 XXXX0000 ~— Pattern number 1

12 X000%@00 - | . ;
13 X000X000 | S e e . b
14 XXXX0000 .

15 00000000 —

I

VoNAaUTBWNHHO

2040 XOXO0X000 ——
2041 0OXO0OX0X00

2042 X0OX0X000

2043 0OX0OXO0X00 —— Pattern number 255
2044 XOXOX000
2045 0X0XO0X00
2046 XOXO0XO00
2047 0OX0OX0OX00
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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 unique pattern. "

- Set the beginning (head) address of the pattern name table in
register R#2. -+ 7 3 SR -

MSB-7 6 5 4 3 2 1 0 LSB

R#2 0 |A16[AYS5{A14|AL3 |A12|AL11|[A10| Pattern name table
T _ base address register

Pattern name table

Base address

(o, 0) 0 01 2 3 . . 39 X
(1,0 [ 1 ol o af 2f 3. .| 39
2,0 | 2 SR | 40| 41| 42| 43| . .| 79
— . 22 | sso| se1| . . . . |19
(39,°0) | 39 — ' T ae
— 23 | 920| 921 . <« < | 959
( 0, 1) 40 ,
: Y
é @ -Q S ' Screghfdisplay'corre&pondgncg

(39,23) 959

13
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4. Color register settings

MSB 7 6

R$7

3 2 1. 0 LSB

'rc3|rc2|TCl

TCO

BD3|BD2|BD1 BDO| Text color/Back drop color

I - ] | I | ] lregister

Specifies pattern color

code 0 or back drop coler

- . code 1

Example of VRAM allocation in TEXT 1 mode

00000RH -

003COH

00800H

01000H

013COH

01800H

02000H

1FFFFH

Pattern
Name
Table 0

1

Péttern
Generator.
Table 0

Pattern
Name .
Table 1 -

Pattern
Generator
Table 1

MSB 7 6 5 4 3

Specifies pat

0

r#2 [ofo|ofo]o

0‘"

0

Al6 AlS5 Al4 Al3 Al2 All AlO

MSB 7 6 5 4 3

2 .

1

0

rea |oflololol]o

0

0 |

1

A16 AlS5 Al4 A13.Al2 All

MSB 7 6 5 4 3

i

5

1

0

“K#2 |0t o0 OO0

[

1.

0

0

Al6 Al5 Al4 A13 Al2 All ALO

.MSB 7 6A 5 4 3

2

1

0

R#4 0 0 0 0 0

0

1

1

. Al6 Al5 Al4 RA13 Al2 All

tern color

LSB

LSB

. LSB

LSB

A maximum of 322 pages may be .allocated in
the same manner (using a 128K-byte VRAM).
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TEXT 2 MODE

Characteristics

- Pattern size
- Patterns
- Screen pattern count

- Pattern blinking
- Pattern colors

- VRAM area per screen

Controls

- Pattern font .

- Screen pattern 1ocat10n
- Blink attributes

- Pattern color code 1

- Pattern color code 0

- Background color code

- Pattern color code 1

- Pattern color code 0 :

Initial Settings

1. Mode and Register Settin
MSB 7 6 5 4

60 g0 00 00 00 s o0

6 dots (w) x 8 dots (h)

256 types

80 (w) x 24 (h) patterns

80 (w) x 26.5 (h) patterns

Possible for each character

Two colors out of 512 colors (per screen)
four if using blinking

8K bytes

Lt

VRAM pattern generator table
VRAM pattern name table

VRAM color table '
High-order four bits of R#7
‘Low-order four bits of R#7
Low-order four bits of R#7
High-order four bits of R#12
(Used for blinking)
Low-order four bits of R#12,[
(Used for bllnklng) ’

gs
32 1 "0 LSB

o[ 1#| o*| o | Mode register 0"

o*| 0 |s1 |MaG| Mode register 1°

VR | O SPD |BW | Mode register 2.

R#0 0 {DG |IE2|IE1|
R#1 o [Br |1E0| 1+
R#8 us |Lp |Te |cB
R#9,  |LN | 0 [s1 |sO

IL |EO **NT DC | Mode register 3

* Examples of settlngs

1n‘$EXT 2 mode

** Indicates negative ldgie" ' ‘ S
In thls dlspiqy mode, if LN is set to 1, 26 5 llnes are selected,

and if LN'is set, to 0, 2

4 lines are selected.‘

A1l othef bits are- set “accordingly ™

2. Pattern Generator Table

- The pattern generator tabl
- Each pattern ‘has a number

Settlngs

e is an area that stores the pattern fonts.
‘FIOm PNO tO PN2 55

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

register R#4.

MSB 7 6 5 4

3 2 1 0 LSB

R#4 0 0 |Al6|AlS

Al4|A13|A12|A11 | Pattern generator table

base address register

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

Pattern generator table

(X=1 I3 O=0)

|1-+——4———->‘These bits are not displayed.
MSB 76543210 .LSB

* 0 00X00000
0X0X0000
X000X000
X000X000 |~—— Pattern number 0
XXXXX000
X000X000
X000X000 1.
00000000 —— .
XXXX0000 ——
X000X000

10 X0o00x000. - | L

11 XXXX0000 - |— Pattern number 1
12 X000X000 R -

13 X000X000
14 XXXX0000 . .
15 00000000 ——

oSN e wNh H

. . .

2040 XOXOX000 —
2041 OXOX0X00 .
2042 XOX0X000 '

2043 0XOXO0X00 —— Pattern number 255
2044 XOXOX000

2045 OX0X0X00 - . | o Uy
2046 x0x0x000  |.. ... B
2047 OX0X0X00 —— :

1

3. Pattern name table-séttihdstf

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

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

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

register R#2. - o

e 7 6 5 4 3 2 1 0 1

r#2 1o A16‘A15 AI4_Al§wAl2, l; 1 Patterﬁ‘namé-table \
) : ‘ —— ,bgse ad@fess register

16
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Pattern name table

( 0, 0)
(1, 0]
(2, 0
(79, 0)
(0, 1)
(79,26)

Base address

0

79
80

215

g

4. Color tab;eksettings

79

o 1 2 3 . . X
o | of 1| 2| .3]. .| 79
1| so| s| 82| s} . .| 159
25 [2000f2000] . . . . 2079
26 [2080f2082 . . . .|21s9]°

Y

Screen display‘dorreépondeﬁce

= In TEXT 2 mode, eachwpattern~ha5‘a separate ‘bit for ‘*the attribute
area, and if this bit is set to 1, the pattern blink attribute will

be set.
- Set the beginning (head) address of the color table in registers R#3
and R#10. . ; , T
"MSB 7 6 5 4.3 2 1 0 LS -
re3 . (a3]az[mafmofas 1 [ 1 1] cotor tabre
R#10 0 Q 1.0 VQ, 0 A16_A15>A14 base addressﬂregistegs
COLOR TABLE ? ,
MSB 7 6 5 4 3 2 1 0 LSB
ofco, o|c1, ofc2, 00ft3, ofcs ofcs, 0ofce, 0|7, 0)|Base
— T g — — address
1{¢ 8 0)|C9, 0)](10, 0) (11, 0)|(12, 0)|(13, 0)|(14, 0)|(15, 0) '
269 (72,26)| . . g : O o 926
17
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5. Color register settings

Set the color for pattern 1 in the high-order bits of register R#7.
Set the color for pattern 0 in the low-order bits of register R#7.

MSB 7 6 5 4 3 2 1 0 LSB

R#7 ~ |rc3|Tc2|rc1|rco|Bp3|BD2|BD1|BDO| Text color/Back drop
: _ — = , - color register

Set the blink attribute for the corresponding pattern by setting an
alternate color code in register R#l12. The pattern will be blinked
by using the color codes set in registers R#7 and R#12.

MSB 7 6 5 4 3. 2 1 0 LSB

R#12 |23 |T22|T21 [T20|BC3|BC2[BC1|{BCO| Text color/Back color
: ' — ' - — register '

6. Blink register settings

The color codes set in registers R#7 and R#12 will be alternately
displayed for blinking; however, the blinking period attribute (t1me
on and time off) can also be set in register R#13.

R #12 R #7 R #12

' |é¥;iOn;£ime’~——9l€4* Off time —>I

MSB 7 6 5 4 3 2 1 0 LSB

R#13 ON3 |ON2 | ON1 ONO]OF3 OFZ'OFl‘pFOﬂiBlinking period register
1 J- T r i | + P (R ) - -,
ON time = =  OFF time B
- The data for the ON and OFF times are shown below. (NTSC)

DATA (Binary) TIME (ms)
00O00O )
0001 166.9 .

0010 333.8 . |
001.00 - - 667.5

0101 : . 834-.47 - | o i : ' .

. 01310 1001.3 : : I ®
0111 1168.2 : "
1 000 1335.1
1 001 1501.9
1010 1668.8
1.011 1835.7
1100 2002.6

1101 . 2169.5
1110 2336.3
1111 2503.2
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Example of VRAM allocation in TEXT 2 mode

00000H -

00870H
O00AOOH

00BOEH
01000H

01800H

02000H

02870H
02A00H

02BOEH
03000H

03800H
04000H

1FFFFH

" Pattern-
Name
Table 0

~ Color —
Table O

Patterh‘
Grnerator}-:

Pattern
Name
Table 1

—Color -
Table 17

Pattern
Generator/
Table 0

= R#3 [0 o |1 o1 1|11
Table 0 | - VLo e

r#z” o fofofelolo]1]o

Pattern name table base address

'MSB 7 6 5 4 3 2 1 0

R#2 |0 |Oo o O |O O {1 |1

Al6 Al5 Al4 A13 Al2

Cplor table‘base address

- MSB 7 6 5 4 3 21 0

Al3 Al2 All AlO A9

r#10 o oo oo |o}oqo-

Al6 Al5 A14

Pattern generator table base address

- Al Al5 Al4°Al3 Al2 All

o .- : L L . S

- LSB

LSB

LSB

A maximum of 16 pages may be allocated in

-
Vo]

- the same manner (using a 128K-byte VRAM).
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MULTICOLOR MODE

Characteristics

64 (w) x 48 (h) color blocks
Sixteen colors out of 512 colors
Sprite mode 1

- 4K bytes

-. Screen composition
Color blocks

- Sprite mode :

- VRAM area per screen

Controls

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

VRAM sprite: attribute table .
VRAM sprite pattern table

— Color block color code
Color block location
Background color code
Sprites -

‘Initial Settings

1. Modepand Register Settings

MSB 7 6 5 4 3 2 1 0 LSB

r#0 | o |pe [1E2]1E1]| 0*| O0*| 0*| 0 | Moge register 0.
R#lf 1 __dllBL‘%IEO’_d;,.i%,MO _SIffﬁAG Mode :egister 1:
R#8  |ms |p |Tp |8 JvR.] 0 |'sep|ew | Mode register 2.
R#9 “few ] o [s1 [so | Jeo #*NT|DC ModeAxegisterﬂ3

* Examples of settings the display mode to the MULTICOLOR mode

** Indicates negative logic

2. Pattern Generator Table Settings

- The pattern generator table .is an_aréa 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. . S . ¥

<-—— 8 dots —=

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

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

MSB 7 6 5 4 3 2 1 ~0 LSB

-y

Célor:code A Colorjcode B

2 |

Color code C |- Colorlcode D

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

corresponding color blocks, and according to theJy coordlnate, the
pattern names are automatlcally set.

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

—

A | B | Color code A Color code B. | Pattern when
: —t— t—+—+— v=0, 4, 8, 12, 16,
.C D Color qqae'C Co%or code D or 20 is selected
| E F Color code E Color code F Pattern when
. ; t { { t t t Y=1, 5, 9, 13, 17,
Pattern | G | H | | Color code G Color code H or 21 is selected
name == e e ki el e Sl
#N [ p L3 v \J T Y ~T . ) R
- I | J | Color code I | Color code J Pattern when
K |L Color code}K' Go&@rfeode;L- 1 or 22 4is selected
M | N | Color code M Color code N Pattern when
A——t—+ A————— v¥=3, 7, 1}, 15, 19,
— oO| P Color code O Color code P .or 23 1is selected

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

MSB 7 6 5 4 3 2 1 0 LSB

R#4 o | o [a16la1s]aralaiz|aiz2|ar1 | pattern generator table
base address register

Pattern generator table

0 Base address
Pattern name #0 ’
(Eight bytes)

8
Pattern name #1
(Eight bytes)
16
2040
Pattern name #255
(Eight bytes)
2048

21
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3.. Pattern name table settings

pattern. Each byte specifies a .unique pa

Pattern name table

' - The pattern name table is composed of ‘one

ttern number.

o 1 2 3 . . 31 X
0 ol af 2 3. .| =2
1] 32| 33] 34 351 .. .| 3
22 | 704] 705} . - . . .| 738}
23 | 736 737 . . L] 767

4

register R#2.

"MSB 7. 6 5 4 3 2 1 0

- Seé ihe beginhing (head) address of the pattern name  table

"4
5

. LSBHI

Ré2 | 0 [ar6[ars{ara|m3 a2 fa11 [mr0

| pattérn hame table

Pattern name table

Base aadtess
(o, 0) 0

(1, 0) 1

c2,0 | 2

(31, 0) 31

(o, 1) 32

(31,23) 767

22

-

base address register

A

in.

byte for each screen
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4. Color register settings

MSB 7 6 5 4 3

2 1 0

R#7 ITC3|TC2ITCl[TCO]BDBlPDZJBDllBDO

5. Sprite settings

registers R#5 and R#1l1;

MSB 7 6 5 4 3

Set the beginning (head) address of theispti&é attribute table

2 1 0
R¥S Al14|a13 |a12 a1l [al10 |a9 fas [a7
R#11 o fo | o {o [oe | o |aelars}
R#6 0 | 0 |Al6|A15[A14(A13|A12]|ALL

%]
(V8]

LSB
register

Spec1f1es backdrop color
Ignored

in
details . about

T
I

L.SB

Sprite attribute table
base address register

Sprite pattern.geneérator

table base address
reglster

Text color/Back drop color

and set the beginning (head) address of the . -
sprite pattern generator table in register R#6. For
sprites, see the section om S$PRITE MOBE 1. '
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Example of VRAM allocation in MULTICOLOR ‘mode

00000H
j Sprite
Generator
Table
(1024
bytes)
00400H
Pattern
Name g 00700H
Table -~ | Sprite
(768 o attribute
: bytes) | | table
00700H e o o128
bytes) |« R kP R P
- 007 80H GG ar o
00800H
—l 00800H
Pattern
00CO0H | Genérator]
~Table
(2048
bytes)
01000H
. . A maximum of 32 pages may be allocated in
. . the same manner (using a 128K-byte VRAM)..
1FFFFH | |

24
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GRAPHIC 1 MODE

Characteristiéé

- Pattern size

- Patterns

- Screen pattern count
- Pattern colors
- Sprite mode
- VRAM area per- screen’

Controls

- Pattern font
- Screen pattern location
- Patte:n color codes 1 & 0

- Background color code
- Sprites

Initial Settings

00 00 es o0 o2 se .

8 dots (w) x 8 dots (h)
256 types
32 (w) x 24 (h) patterns
16 colors out of 512 colors (per screen)
Sprite-mode 1 -

- 4K bytes

VRAM pattern generator table
VRAM pattern name table

iy

: Can be specified as a group for each
in the VRAM color table

8-pattern set,

pattern table

1. Mode and Register Settings

R¥0
R¥L
R¥8

R#9

*

MSB 7 6 5 4 3 2 1 0
0 |pc [1E2|1E1| 0*| 0%} 0*] o
"0 |BL |1E0| 0*] o*[ 0 |sI |maG|
Ms |Lp [TP e |vR | o SvaBW
LN | 0 [s1 [so | [0 **nr|DC

Examples of

LSB
'Mode

Mode

Mode

Mode

settings in GRAPHIC 1 mode
** Indicates negative logic

N

wm

Low=order. four bits of R#7
VRAM sprite attribute table, VRAM sprite

regaster -
reglster>

reglster

register
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2. Pattern Generator Table Settings

- The pattern generator table is an area that stores the patterh fonts.
‘- Each pattern has a number from PNO to PN255.
- The font for each pattern is constructed from 8 bytes.

- Set the beginning (

5

head) address of thie pattern generator ‘tablé in

4 3 .02 1 0 LSB

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

216 |a15|a14a13[m2[a1 | pattern generator table

Pattern generator table

(X=1, 0=0)

- MSB

Wo~NaaUnbdbWwWNHO

76543210
O0XXX000

X00000X0
X00000X0
XXXXXXXO0
X00000XO0
X00000X0
00000000

- XXXXXX00

X00000X0
X00000X0
XXXXXX00
X00000XO0
X00000%0
XXXXXX00
00000000

XOX0X0XO0
OXO0XO0X0X
X0X0X0X0
OXOXO0X0X
XO0XOX0X0
OXOXOX0X
X0X0X0XO0

[OXOXO0XO0OX

LSB

-OX000X00.: -

]

base address register

- Base address. .

Pattern hdmbér 0

h—;—'Pattern number 1 .-

—— Pattern number 255
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. 3. Pattern name table settings

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

- Set the beginning (head) address of the pattern name' table 1in
register R#2. - :

MSB 7 6 5 4 3 2 1 0 LSB

R#2 0 |Al6|A15|A14|A13 A12’A11:A10' Pattern name table
» S = e — base address register

Pattern name, table

Base address ‘

(0, 0) 0 ‘ -0 1 2. 3 i . 31 X
(1,0 1 ol o 1 2f 3..] 3n
(2, 0 2 ) 1| 32 33] 34| 35| . .| 63

| Basas— = ©22 | 704f 705 . .. .| 735
{1, 00 | 31 . T r o —
— | 23 |0736) 737} . .. . 767 |
(o0, 1) 32 v e—— o ‘ ,

Y
. ~ Screen display correspondence

131,23) | 767 (byte)

4. Color register settings

MSB 7 6 5 4 3 2 1 0 LSB

R#7  |rc3|mc2{rc1 [Tco|rp3 |BD2 |BD1 [BDO| Text color/Back drop -
» color register

Specifies backdrop color
code
Ignored

5. Color table settings

- The colors for pattern color 1 and pattern color 0 are set in groups
of eight patterns.

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

27
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MSB 7 6 5 4 3 2 1 0
R#3 |a13|a12{a11|ar0|as |as (a7 [a6
 R#10 0o]o|o]|o]o [ae|as|arsf
Color table
MSB 7 6 5 4 3 2 1 0
0 Fc3|Fc2|Fc1|rco|Be3|Be2| Bel [Beo
1 rc3|rc2|rc1|rcolBe3|Be2|Be1|Bco
. 5 . . | S . . . . .
31 re3|rc2|rei|reo|Bes|Be2|Bearco

i

6. Sprite settings

LSB
Color .table base address

register

Color code for
Color code for

LSB
Base address
Pattern Nos. 0

Pattern Nos. 8

. f - . o -

Pattern Nos. 248 to 255

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

sprite pattern generator table in' register R#6. For _details on
sprites, see the section on SPRITE MODE 1. .
MSB 7 6 5 4 3 2 1 0 LSB
R#5 lama{a3|m2|ai1|{aro|as [as [a7 | sprite attribute table
L .—n—.—.—.L___ . L ) :
R#11 [-0 0 0 0 0 0 |Al6|AlS5| base address register
R#6 0 0 |al6|ars|ar4|a13|aiz|al1 Sprite pattern generator

"table base address
register
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Example of VRAM allocation in GRAPHIC 1 mode -

00000H
' Sprite
Generator
Table
(1024 :
bytes)
00400H
Pattern S
Name " . 00700H
Table | Sprite :
(768 e attribute
bytes) | .’ "table
00700H (128
by tes)
, _ , 007 80H
00800H — | Color :
-, | table g
- (32 bytes){ 007A0H
- 00800H
Pattern
00COOH Generator
v Table
(2048
bytes)
01000H
. , . ‘A maximum of 32 pages may be allocated in

e - the same manner (using a 128K-byte VRAM).

1FFFFH l - l

[y
\D
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GRAPHIC 2 AND GRAPHIC 3 MODES

Characteristics

8 dots (w) x 8 dots (h)

768 types

32 (w) x 24 (h) patterns

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

Sprite mode 2 (GRAPHIC 3)

- VRAM area per screen : 16K bytes

- Pattern size

- Patterns

- Screen pattern count
— Pattern colors

- Sprite modes

00 00 ee o0 o0

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

Controls

- Pattern font : VRAM pattern generator table

- Screen pattern location : VRAM pattern name table

- Pattern color codes 1 & 0 : Can be specified as a group for each
raster, in the VRAM color table
Low-order four bits of R#7

VRAM sprite attribute table, VRAM sprlte
pattern table

. — Background color code
- Sprites

Initial Settings
1. Mode and Register Settings

MSB 7 6 S5 4 3 2 1 0 LSB

R#0 0 |[DG |[IE2|IE1l| O*| %*| %*} O Mode registef 0 !

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

R#1 . 0 |BL |IEO| O0*] O0*| O |SI |MAG| Mode register 1

"R#8 Ms |LP |TP |CcB |VR | 0 |SPD|BW | Mode register 2
|

R#9 |LN | 0 |SL |SO |IL |EO **NT DC | Mode register 3

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

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

The font for each pattern is constructed from 8 bytes.

Set the beginning (head) address of the pattern generator table 1n
register R#4. S

MSB 7 6 5 4 3 2 1 0 LSB

R#4 10| 0 |A16(A15 Al4'A13  111 Pattern generator table
SR S ' base address register

3. Color table settings

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

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

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

i

MSE 7 6 5 4 3 2 1 0 LB

R#3  fmzt 1|1 )11 2'1 ‘ 1f “1 Color table base-address

R#10 o100 oo [me[ars{ars] register
4. Color rédiste; settings

MSB 7 6 5 4 3 2 1 0 LSB

R#7 - [rc3|rcz|rci|rco|sp3|BD2[BD1|{BDO| Text color/Back drop
. —T T color reglster;

Specifies backdrop color
code
Ignored
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Pattern generator table

(X=l ’

Pattern number 0

Pattern number 1

Pattern number 255 —

2048

4096

6144

0=0)

Pattern‘generdtor

table

——

—

256 patterns
for upper
third of
screen

(2048 bytes)

256 patterns
for middle
third of
screen

(2048 bytes)

256 patterns

for lower
third of
screen

(2048 bytes)

;II

=
9]
w

00XXX000
 0X000X00
X00000X0
X00000X0
XXXXXXXO
X00000X0
X00000X0
00000000
XXXXXX00
X00000X0
X00000X0
XXXXXX00
X00000X0
X00000X0
XXXXXX00
00000000

— . .
T ovwoNOAUBWNEHEO

LRl o
U W N

2040 XOXOXOXO
2041 OXOXOXOX
2042 XOXOXOXO

2043 OXOXOXO0X

2044 XOXOXOXO
2045 OXOXOXOX
2046 XOXOXOXO
2047 OXOXOXOX

Color pattern 1
Color pattern 0

CoIor‘tabie

76543210 LSB

MSB 76543210 LSB

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
.. 00000000
.. 00000000
00000000
00000000

256 colors
for upper
third of
screen

(2048 bytes)

256 colors
for middle
third of
screen

(2048 bytes)

256 colors
for lower
third of
screen

(2048 bytes)

32

‘Base address

Upper
Third

Middle
Third_

Lower
Third

Display screen
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3. Pattern name table settings

- The pattern name table is composed of- oné byte for -each -screen.
pattern. 'Each byte specifies a unique pattern. : ‘

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

Pattern name table

( 0,00  Pattern display area for uﬁper' (31, 00 |
third of screen- (256 bytes) = - o
A 04°7) ‘ R o ) (31, 7)
(o0, 8) Pattern digplay area for middle (31, 8)
© 7~ - third ef scréen (256 bytes) o
(0,15) S - (31,15)
( 0,16) = Pattern display area for lower (31,16)
third of screen (256 bytes)
( 0,23) ’ (31,23)

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

MSB 7 6 5 4 3 2 1 0 LSB

R#2 0 |Al16|A15]|A14|A13|A12|A11|A10| Pattern name table
: base address register

Pattern name table

1 Base address
( 0, 0) 0
(1, 0) 1 — For upper third
: of screen
(31, 7) 255
( 0, 8) 256
— For middle third
. of screen
(31,15) 511
( 0,15) 512
—~— For lower third
. : of screen
(31,23) 767 (byte)

33
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4.

Sprite settings

Set the beginning (head) address of the sprite .attribute @ table in
registers R#5 and R#l1l; and set the beginning (head) address of .the
sprite pattern generator table in register R#6. . For .details about
sprites pertaining te GRAPHIC 2 mode, see the sectlon on SPRITE MODE
1, and for details about sprites pertaining to GRAPHIC 3 mode, see
the section on SPRITE MODE 2.

MSB 7 6 5 4 3 2 1 0 LSB

R#5 a14|a13{a12|a11a10] ao| as| a7l Sprlte attribute table

R#11 "o [ofo]o[o] o [a6[ais] base ‘address register

R#6 0 | o [a6 AIS'Al4iAl3”A12.Ali'vép%gte:pattern'generator
’ ' - table base address

register. . .
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Example of VRAM allocation in GRAPHIC 2'mode

00000H,

00800H

01000H

01800H

02000H
02800H
03000H

03800H

03BOOH
04000H

1FFFFH

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

attribute

table

 01800H

01C00H
 01CBOH

02000H

A maximum of 8 pages may be.allocated in

the same manner (using a 128K-byte VRAM).

w
o
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Example of VRAM allocation in GRAPHIC 3 mode

00000H
Pattern
Generator
Table
Upper
00800H
Pattern
Generator
Table
Middle
01000H ; ; ———— 01800H
Pattern | | Sprite ™ | o
Generator a generator|
Table C table
Lower o
01800H . f
— | 01CO0H
02000H } \ Sprite ;
: | Color kY color
Table 1~ table S
Upper 5 - — O01EOOH
02800H 5 Sprite ' :
Color | Y attribute
Table . table
Middle R — ' 01E80H -
03000H .
Color .
Table 02000H
Lower
03800H
Pattern
Name
Table
03B0OR
04000H
. - e A maximum of 8 pages may be allocated in
.- L. .the same manner (using a 128K-byte VRAM).

1FFFFH [ |
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GRAPHIC 4 MODE

Characteristics

- Bit-mapped Graphics Mode
- Screen size

- Screen colors

- Sprite mode.

- VRAM area per screen‘

Controls

- Graphics

- Background !color code

- Sprites

Initial Settings"

256 (w) x 212 (h) dots

256 (w) x 192 (h) dots

pattern table

1. Mode and Register Settings

MSB 7 .6 5 4 3 2 1 0
R¥0 0 [oe |18z IEL| o*| 1*| 1*]| 0
R#1 o [BL |1E0| 0*| 0*| 0 |sI |MAc
R#8 . |ms |up TPCB VR | 0 |sPp|pw |
R$9 LN [ 0 |s1 |so |1 |EO **nT|DC

* Examples of settings in GRAPHIC 4 mode

** Indicates negative 10919

In GRAPHIC 4 mode,

i

LSB

Mode

Mode

-Mode

Mode

VRAM pattern name table

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

register

register

register.

register

if LN is set to 1, the screen heLght

and if LN is set to 0, the screen helght is 192 dots.
All other bits.are set accordingly.

16 colors out of 512 colors (per screen)
Sprlte mode 2

32K bytes

w »

is 212 dOts,>
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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 colers.’ ’

X
{c, o]a,0 : . (254, 0)|(255, 0)

0, 1) J (255, 1)

Y .
X, ¥
(0,191) . (255,191) | -
......... R R LN: 0
(0,211) | 1 oo © | (255,211)

B . {
R R R R Ry R R R ‘ : LN =}

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

MSB 7 6 5 4 3 2 1 0 LSB

R#2 0 |216Ja15| 1 | 1 1 | 1 | 1 | Pattern name table
= == } = base address register

These two bits specify -
the page to display

38
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Pattern name table

"L SB

Base address

Set the color code for each

dot in this table.

LSB

Text color/Béék'drbp:

MSB 7 6 5 32 1 0
1 (¢ 0, 0) ( 1, 0
L [l 4 4 L 1
2 «( 2, 0) « 3, O
v I ] L] T L8 {
127 (254, 0) (255, 0)
R I [ 1 | 4y
128 ¢ o0, 1) ( 1, 1
. | A L - ] r
27134 (252,211) (253,211)
. Il 1 L 1 1 1
LA LI L] T L T
27135 (254,211) (255,211)
3. Color register settings
MSB 7 6 5 4 3 2 1 0
R#7 TC3|TC2 TCl’TCO.BD3 BD2|BD1|BDO

color register

. £
Specifies backdrop color
_Ccode :

—- ‘Ignored
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4. Sprite settings

- Set the beginning (head)

registers

R#5 and R#1l1;

sprite pattern generator
sprites, see the section

R#5

R#11

R#6

address of the sprite

attribute table in

and set the beginning (head). address of the

table in register R#6.

on. SPRITE MODE 2.

Example of VRAM allocation in GRAPHIC 4 mode

00000H

02000H

04000H

06000H

06A00H

07000H

08000H

1FFFFH

Pattern
name
table

192 lines

212 lines

Sprite

"generator

table

(2048

bytes)

Sprite’
color
table
(512
bytes)

Sprite
attribute
table
(128
bytes)

07000H

07800H

07A00H

07A80H

08000H

For -~ details about

MSB 7 6 4 3 2 0 LSB
a14|a13|a1z|{a1|atof 1 1 | sprite attribute table
0 0 0 0 0 |Al6|Al15| base address register
0} o A15|{A14|A13|A12|All| Sprite pattern génerator

table base address
register.

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

40
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GRAPHIC 5 MODE

Characteristics

- Bit-mapped Graphics Mode
- Screen size

- Scre
- Spri

en colors
te mode

- VRAM area per screen

Controls

- Graphics

- Background;color code

- Spri

Initia

tes

1 Settihgql

512 (w) x 212 (h) dots
512:(w) x 192 (h) dots

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

32K bytes

°s ee o0

VRAM pattern name table

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

s es o0

1. Mode and Register Settings

REO

R#1

R#8 -

R#9

*

In

1% | O*TVO*; 0 | Mode register 0 =~

O*E 0 |s1 iMAG‘ Mode register .1

vk | 0 |sep|Bw | Mode register 2

MSB ‘7 " & .5 4 3 2 1 0 LSB
| 0 fﬁL !iEo"o;? |
{us &2 |29 [ |8
LN | 0 |s1 'sod‘

= _ _
IL“EO **NTVDC Mode register 3

1

Examples of settings, ln‘GRAPHTC 5 méae .,{.vn
** Indicates negatiVé loglc‘w‘jw P

GRAPHTIC 5 mode,

if LN'is set to 1, the screen helght is 212 dots,

and if LN is set to 0, the screen height is 192 dots,
All other b1ts are set accordingly.
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2. Pattern name table settings

- The pattern name table is composed of one byte for every four dots

on the screen. A color can be assigned for each dot from a
selection of 4 colors out of 512 colors. '

X
ofao | - jwelo, ofei, of
(0, 1) » , - | (511, 1|
Y (X,Y) -
(0,191) (511,191) }
. . ] . D
(0,211) | . feuaam|

. 2 H e 3
S SO AP M S S LN

- Set the beginning (head) address ef the pattern name table 1n
register R#2.°

MSB 7 6 5 4 é,7 é"melmwfb.“Lss"

i
'_‘ .
[y

RE2 . 0 |a16|a1s]| 1

S Pattern name table .
. base address reglster

" the page to display

42

These two b1ts spe01fyf




V9938 MSX-VIDEO USER'S MANUAL

Pattern name table

MSB

7 3 2 1 0  LsB.
0 (.0, 0)04¢ 1, 0)}¢ 2,-0)}](C 3,-0) Base address -
1 |oca, ofes, 0fes, 0|7, 0| set the color. Gode for each:
. et 4L el : dot in th1s table.,
. ¥ L] 1 N
127 (508,0) |(509,0)](510,0)|(511,0) |
— 1 1 t —t —t—
128 (o, 1DJC1, 1YIC2, 1)jC 3, 1)
I a i " 1
27135 (511,211)
1 1
3. Color register settings :
MSB 7 6 5 4 3 2 1 0 LSB
R#7 }re |me2{rey | reofep3[sp2]Bp1|BDO0) Text color/Back. arpp L

color reglstenﬁ

Specifies backcrop color
code

Ignored

4. Sprite settings

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

-Set the beginning (head)
registers R#5 and R#ll;
sprite pattern generator

attribute table in
(head) address of the
For details = about

sprites, see the section on SPRITE MODE 2.
MSB 7 6 5 4 3 2 1 0 LSB
R#5 Al4 Al3‘A12‘All AlO| 1 1 1 Sprite attribute table
R#11 0|l o]l o] o] o| 0|a16{Al5| base address register
R#6 0 0 |a16|a15|a14| m13{m12{A11 Sprite pattern generator
table base address
register
43
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5.

Hardware tiling function

In GRAPHIC 5 mode, a hardware tiling function processes the sprite
and background colors. For these colors, you can specify four bits;

however, of these four bits, the higher-order two bits specify the -

color code of . the even dots, and the lower-order two bits specify
the color code of the odd dots of the x-coordinate (0 to '511).

In GRAPHIC 5 mode, the size of oné dot of a’ 'sprite is- appr®x1mately :
twice that of a graphics dot; however, .when this tiling funection is-
used, one dot ‘of ‘a sprite may be displayed in two colors.

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

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

. Two graphics dots

A sprite dot: - : S

XXX’

MSB ‘7'/’/j/L‘vLSB ‘Bitg”épeqi£YingSbrité cﬁibfs(égbits)
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Example of VRAM allocation in GRAPHIC 5 mode

00000H

Pattern
name
02000H ¥ ;ablg

04000H

192 lines
06000H

..... —— 07000H

|. 212 lines|"' .| generator}-
L L 3 .’v. j table' N
- (2048

07000H ' ' bytes)

06A00H

07800H
Sprite :
color
table
. (512,
bytes

———+——— 07A00H
1 Sprite = |
#_attgjbpte"'

1 tavie * |
(128 . |
- bytes) |
_ X L orason

08000H F—————rt------ ———— 08000H

T e e A maximum of 4 pdéés«may-béﬂallbcatedJin
. o the same manner (using da 128K-byte VRAM).

1FFFFH I I

45
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GRAPHIC 6 MODE

Characteristics

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

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

Controis

- Graphics VRAM pattern pame. table
- Background color code : Low-order four bits of R#7

- Sprites VRAM sprite attrlbute table; VRAM sprite
a pattern table

(XY

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

'R#O: 0 DG IE2|IEl i*"b*' i*“ p ;,MoHe register 0
Rée1 [ 0 |BL |1EO| 0%] 0%] 0 |SI |MAG] Mode register 1
R#8 Ms |Le |TP |cB |VR | 0 ‘er,BWf;;Modé register 2
R#9 LN | 0 [s1 |so IﬁpiEO **NT>ﬁC”” Mode register 3

* Examples of settlngs in GRAPHIC 6 mode

** Indicates negative logic

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

All other bits are set accordingly.

46 .
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2. Pattern name table settings

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

the

in

screen. A color can be assigned for each dot from a selection
of 16 colors out of 512 colors.
X
_ofao’ [(s20, o fesa1, o)
1) (511, 1)
(X,Y)
(0,191) 1(511,191) :
- - - ‘- — LN =
(0,211) | (511,211) |
een LN =
- Set the beginning (head) - address' of the pattern ‘hame table
register R#2. \ o A R
MSB 7 6 5 4° 3 2 1 0 LS ‘
0| -0 |ALE }131-1~V-1«371‘  1 |Pattern naime table

R#2

G7 modes,

_ base address reglster

the position of Al6é differs).

L-—-———-———Sp«:‘:c1f1es the page to display (In G6 and
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Pattern name table

LSB

MSB 7 4 3 2 1 o0
T aJ | L} 1| L
0 ( o, 0) «( 1, 0) Base address
1 } 2: :0; l _3; 0; Set the color code for each
1 1 L s - L dot in this table.
| |
| (.
| ; .
Ll T Bl 8] T T
255 (510, O0) (511, 0)
1 i | L 1 L i
] ¥ ] 1§ 1 L
256 ( 0, 1) « 1, l{
] 1 1 (] 1
| ' I %
1 ( j
| | i
T T T T T :
54270.. (508,211) ° (509,211) -
4 1 1 1 L L
il v 1 1 v
54271 (510,211) (511,211)
-4 1 1 1 1 i
3. Color register settings
MSB- 7 6 5 4 3 2 1 0  LSB
R#7 Tc3|TCc2|TCl|TCO|BD3|BD2|BD1|{BD0O| Text color/Back drop
B , color register
Ae 'Spec1f1es backdrop color
. code- - !
Ignored
4. Sprite séttings

Set the beginning (head)
registers R#5 and R#11;
sprite pattern generator

address of the sprite

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

attribute table 1in

For details about

LSB

Sprite attribute table

base address register

sprites, see the section on SPRITE MODE 2.
MSB 7 6 5 4 3 2 1 0
R#5 Al4|A13|A12|Al11|Al10] 1 1 1
R#11 0 0 0 0 0 0 |Al6|AlS
R#6 0 0 [A16|Al15|A14|A13|A12(|Al1]

Sprite pattern generator

=8

@

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

: i

A maximum of 2 pages may be allocated in"

the same manner (using a 128K-byte VRAM).

00000H
Pattern
Name
Table
04000H
08000H T
iy OF000H
Sprite
192 line generator;
- 0CO00H table
212 line (2048
0D400H - bytes) |}
—— 0F800H
' Sprite
| color
| table
(512 |
: ——1 orFa00H
': 2 Sp l o
: at -
- - table T
co | azs L |
; bytes) .
0F000H ——4 OFR80H
10000H  RRRERRE ' 10000H
1FFFFH | l

49
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GRAPHIC 7 MODE

Characteristics

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

‘ 256 (w) x 192 (h) dots
256 colors (per screen)
Sprite mode 2
128K bytes (Two screens)

- Screen colors
- Sprite mode
- VRAM area per screen

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

Initial Settings - S '
l. Mode and Register Settingsi“r

MSB 7 6 5 4 3 2 1 0 LSB

R¥0 0 [oG |1E2]1EL] 1#[ 1#] 1¢] 0 ] rode register o
R#1 0 |BL >IE0M o*E‘Q&f pggSiQﬁMﬁé}‘Mode registef 1
R#8 ws |Lp e |cB JVR | 0 ‘épq¢§ﬁf; Mode régiéter 2
R#9 fox [ o [st [so [ |eo *ANT DC | Hode register 3

* Examples of settings in GRAPHLC_7‘hOde.Y
** Tndicates negative logic ‘ ; 5
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 accordlngly.
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2. Pattern name table settings

- The pattern name table is composed of one byte for every dot on the
screen. A color can be assigned for each dot from a selection of
256 colors. :

w0, ofla,n | (254, 0)](255, 0)
(0, . 1 SRR (255, 1)|
¥ (X,Y) . — - —

(0,191 | o |uwssam|

LN = 0

(0,211) | | 7 ess,aan |

- Set the beginning (hedd) a@@geés»,of the pattern name table in
register R#2. Cia S e :

MSB 7 6 5 4 3 2 1 0 LSB

ré2° o lefaer |11 |1 |1 [pattern name table
= base address register

Specifies the page to display; in the G6
and G7 modes only, the location of the Al6
.bit differs. , , o

(@]
[)
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Pattern name table

MSB

255

256

54270
54271

" LsB

GREEN

. (

¥ T T
254,1211)
L [

C

M L

255, 211)
L 1 1

3. Color register settings

R#7

MSB 7

6

5 4 3

BD7

BD6

BD5|BD4|BD3

BD2

BDO

4. Sprite,Séttihgs::'

- Set the beginning (head)
R#5 and R#11;
sprite pattern generator
sprites, see the section

registers

R#5

R#11

. R#6

‘address of the sprite
and set the beginning (head) address of the
table in register R#6.
on SPRITE MODE 2.

MSB 7 6 5 4 3 2 1 0
Al4|A13|A12|A11{A10| 1 1 1
0 0 0 (VN 0 |Al6|AlS
0 0 [Al6|A15|A14|A13 |A12]|AL]L

Base address

Set the color code for each
dot in thisftable.

LSB |
Text color/Back drop
color register

- Specifies backdrop color

code .

attribute table 1in

For details about
LSB

Sprite attribute table
base address register
Sprite pattern generator

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

00000H

|- Pattern
7" Name
Table

04000H

08000H" | .

= OF000H

192 lide |

0C00QH ' f———r——+
- 212 Yine:i|

0D400H-f ’ : , . IR
} g d OF800H
| 1 i X o

} ‘ NN f = . OFAOO0H -
ST . - Sprite -
- attributej -
= table
s Los g ouA128 0 Ey
I V) -bytes) - §- o 0
ittt - OFAB0H

OF000H |p——

10000H N ROV 1 10000m

A S T ~ § maximmﬁ.o£‘2»pages‘méy bé‘aliocated ih~;
. . the same manner .(using a 128K-byte: VRAM).

1FFFFH l l

n
w




COMMANDS

1.

Types of Commands

It is 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 f

Command Name |Destination |Source | Late Mnemonic|CM3|CM2|CM1}CMO |
High-speed VRAM | cpu | Byte | HMMC 1111111
move : VRAM VRAM . Byte | YMMM 1 1 1 0

- . VRAM VRAM | Byte | HMMM | 1 | 1 | 0 | 1 |
: - VRAM - VDP Byte. ,:ﬂﬁﬁgv i1 1 0 0
Logical move VRAM - - CPU Dot .. .}  -LMMC 1.0 el 1.

; . CPU VRAM ~ | Dot . f LMCM | 1 L0 J 1.} 0.
VRAM 'VRAM 'ADotf"¢ LMMM |1 }i0 [ @ | 1

, VRAM - VDP Dot ¢ { LMMV |1 f O f 0] O:
Line ' . VRAM vDP . | ‘Dot '} LINE 0 | 1|1}l
Search VRAM VDP Dot -} "SRCR | 0 | 1 |1 | O
Pset - VRAM VDP Dot | PSET | 0 |1 ]| 0|1
Point : VDP . VRAM ' :Dot § POINT 'O | 1 | O 0
' Invalid : . AT : 01 0 111
' Invalid - : : : ! 0] 0 110
' Invalid o -0 0 011
Stop 0olojojo

Commands are executed in the MSX-VIDEO by wr1t1ng the data 1ntb R#46
(the Command Register, hereafter abbreviated CMR), -and setting bit 0

of status register S#2 (CE/Commaid Execute) to 1. Before this ican:

- be done, the necessary: parameters must be flrst have been set in

registers R#32 to R#45.
When the command execution is complete, CE is set to 0.

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

The results of command execatlon are only guaranteed durlng bit 'map.

mode (Gtarh4 to Graph7).

wm
fins
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2. Page Concept

The parameters usSed for the MSX-VIDEO areée” all - x-y' coordinates. ~In

other words, the ‘internal command processor of the MSX-VIDEO:-accesses

the entire VRAM area as x—y coordlnates of the dlsplay m@de.

When a screen is to be dlsplayed, 212 11nes of the same page areb
displayed (selected by R#23). To select the page to be displayed, .use
R# _

When a command 1s be1ng executed, the contents of the display screen
are 1gnored. e . T

The dlsplay modes and thelr relatlonshlps to the. coordlnates are! shown .
in the table below. £ -

GRAPH 4 v Address ~ GRAPH ‘5"
— 00000H ; —
(0,0) - - - Y (255,0) | (0,0) (511,0) |
' Page 0 | : | Page 0 I
(0,255) = (255,255) R R (0 255) ST ”(511 255)
1(0,256) -~ 1 (R55,256)| i 51(@ 256)’ ERRE: .(511 256)aifg
: Pt Page 1 N IR TR 1 - Page '} - S
(0,511) S (255,511) | g SRR .ﬁ(O SIl)w col S W(Sll 5117% '
4t  10000H -
(0,512) . | = . (255,512) | (0,512) (511,512)~
: Page 2 = j ‘ Page 2 7 '
(0,767) (255,761 | b 0767 (511w767)
- 18000H : e '
(0,768) (255,768) 0,768) . . . :(511 768)
Page 3 ‘ Page 3
(0,1023) (255,1023) (0,1023) (511 1023),
- - 1FFFFH '
GRAPH 7 , : : GRAPH 6
_ 00000H
(0,0) (255,0) | ‘ (0,0) - (511,0) |
. Page 0 I . Page 0
(0,255) : (255,255) (0,255) (511,255)
‘ —~ 10000H. S
(0,256) (255,256) (0,256) - (511,256)
Page 1 Page 1
(0,511) (255,511) | : : (0,511) (511,511) |
1FFFFH '

m
wn
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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-VIDEO, write the lower:  four bits.

of R#46 (Command register) simultaneously when you specify the com-
mand. - : v NS

Summary of Logical Operations

Name | Operation - ) 1,03 |L02 |LO1 {100
M | Dc=sC |

AND DC=SC*DC

OR DC=SC+DC

EOR .DC=SC*DC+SC*DC

NOT DC=5C

"TIMP | if SC=0 then DC=DC else DC=SC
TAND | if SC=0 then DE=DC else DC=SC*DC
TOR: | if SC=0 then DC=DC else DC=SC+DC R
TEOR | if SC=0 then DC=DC else DC=SC*DC+SC*DC |
TNOT ' { if SC=0 then DC=DC else DC=SC o

!

HFHHHHHEE OO0 000 00 ]

HH OO KHOOHFHO®OKKH OO

WH DO OO0 HHKHHFOO OO
| or-ororororororo:

* §C = Source Color code
* DC = Destination Color code
* EOR = Exclusive OR
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4. Explanations of Commands

4.1 HMMC (High-speed move CPUQte VRAM)

The HMMC command transfers'dataFfremmtheACPU to the video or expansion
RAM in a specified rectangular area (in x-y coordinates) via the MSX-
VIDEO. : : -

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

Video or Expansion RAM

(DX, DY)

— - DIX. | S IR | ®
NX e S O IMS%~ } - - | cpu

4.1.1 HMMC Execution Order

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

MXD: Select. destlnatlon memory .

0: Video RAM e

1: Expansion RAM ;
DX: ' . Basic x»coordlnate gf dest;natlon,(O to 511) *]
DY: Basic y-coordinate of destination (0 to 1023)

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

*1 Note that in the G4 and G6 modes, the lower. one b1t, and in
the G5 mode, the lower two bits; are.lost.

DIX: Direction for NX from x- coordlnate of destlnatlon

0: Right

~4s Left ‘ i e ‘
DIY: Direction for NY from y-cpordlnate of destination

0: Down :

i: Up

CLR (R#44 Color reglster)' ‘
First byte of data to be transferred

2. After you specify the above data, execute the command by writ-
ing 11110000 B into the CMR(R#46:Command register).

3. While checking TR and CE 1in Status Register S#2, send the
second byte and all bytes following into the CLR register.
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4.1.2 Setting up the HMMC register

MSB 7 6 5 4 3 2 1 0 LSB

R#36 |px7|px6|px5|Dx4|DX3|DX2|DX1|DX0
- - - DX
R#37 ‘ 0 040 0 0 0 0 DX8 R
: S - —L_ Basic
-destination
R#38 DY7|DY6|{DY5|DY4|DY3|DY2|DY1l|DYO point
OO SIS BRI B = 4 DYy —4
R#39 o]l 0 01O 0 0 |DY9|DY8} .
R#40 | NX7| NX6 | NX5 | NX4| NX3 NX2|NXI|NXO ‘ o o
, NX — Number of dots
R#41 0 0}Jo1lo 0 0 0 |NX8| to transfer,
A . . - “x-direction
R# 42 Ny7| Ny6|nys | Nva | Ny3|ny2|nyl|nvo ‘ o
— 1 ; — - ' NY — Number of dots
R#43 10 o loto 0 0 {NY9|NY8 to transfer,
: : - y—directipn B
R#44 CR7| CR6 |CR5 |CR4| CR3|CR2|CR1 | CRO CLR (G4, G6) —
X=2N" ‘ X=2N+1 = 7 (Neo,lf;;;1271J~*
cr7| cr6 | crS| cra| crR3| crR2| cR1|CRO] CLR (65) ! pata to
——— g transfer
X=4N  K=4N+1 X=4N42 X=4N43  (N=0,1,...127)
CR7|CR6 |CR5 |CR4| CR3|CR2|CRL|CRO| CLR (€7)
Cne dot
R#45 0 - |MXD| - |DIY|DIX} - | - ARG — Argument
S NN S SR A S S 1 ‘ - .- register

Data transfer direction (x)
Data transfer Qi:ection (y)
Data destination select

wn
(@]
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4.1.3 Execution of HMMC commands

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

R#46 1 {1 |1 f1§-|f-}|-]-|cMRrR

4.1.4 Flowchart of HMMC execution.

(e START)

.| setup Msx-vIDEO |

[Ekeéute~cemméﬁd1‘

[Read Status Register #2]

Yes. (CE=0)

ly

No (TR=0)
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4.2 YMMM (High-speed move VRAM to VRAM, y only)

The YMMM command transfers data from the area specified by DX,:6SY, NY, ..

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, SY) ———— —> DIX
NY :

lﬁ‘DIY '

i YMMM Execution Order

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

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

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

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

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

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

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

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

After you specify the above data, execute the command by
writing 11 1100 0 0 B into the CMR(R#46 :Command register).

The above procedure will execute the YMMM command in the MSX-
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 Setting up the YMMM register

MSB 7 6 5 4 .3 2 1 0 LSB

R#34  |sY7|sv6|sy5|sv4|sy3|sy2|sy1|svo|

R#35 Lol o |0 o] ol o |syolsys

Basic transfer
_point

R#36 DX7 | DX6 |DX5 |Dx4 |Dx3 |DX2|DX1|DX0|

R#37 ololo|lo|o]ol oi{pxs

R#38 DY7|DY6 |DY5|DY4 |DY3 |DY2{DY1|DYO o ;
: - + DY ——— Destination A
R#39 0 0 |0} oO 0 0 |DY9}{DY8 .. °  transfer point

R#42 NY7 | NY6 |INY5 | NY4 | NY3 |NY2 | NY1 | NYO :
e ——t— +—+— NY — Number of dots

R#43 "0 0| o0 0 0 | 0 |NY9|NY8| . to transfer,

I —t— .y-direction

© R#45 0 | - |mxp| - [pry|pix| - | - | ARG — Argument register

Data transfer direction’ (x)
— ; - Data transfer direction (y).
e Data destination .select

4.2.3 Execution of YMMM Commands

MSB 7 6_ 5 4 3 2 l 0 LSB

R#46 vlafaof -] -|-|-| er

(@)
[
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4.3

HMMM (High-speed move VRAM to VRAM)

The HMMM command transfers data in a specified rectangu}ar area . from
the VRAM or the expansion RAM to the VRAM or the expansion RAM.

Since the data to be transferred is done in units of one’ byte, there
is a limitation, according to the dlsplay mode, on the value for X.

4.3.1

l . '

2.

Video or Expansion RAM

(SX, SY) ’
T NX 4 —> DIX
NY | :
L '\i‘
} i .
DIY o
(DX, DY) -

Flrst,

HMMM‘Execution‘Order

set the necessary parameters in the command register of

the MSX-VIDEO.

MXS:

MXD:

. DIY:

DX:
DY:

Select source memory

0: Video RAM

1: Expansion,RAM

Select destination memory e e,
0: Video RAM ‘ oo
l: Expansion RAM ' i

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

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

Direction for NX from source p01nt

0: Right

1: Left

Direction for NY from source point
0: Down

l1: Up

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

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

Af ter
ing 1

you specify the above data, execute the commanéd by writ-
1 010000 B into the CMR(R#46:Command register).

)

PP
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3. The above procedure will execute the HMMM command in the MSX-
" VIDEO.  While executing the HMMM command, the CE bit of the
status register (S#2) will be set to 1, and when the command is.
complete, it will be reset to 0.
4.3.2 Setting up the HMMM register
MSB 7 6 5 4 3 2 1 0  LSB
R#32 sx7|sx6| sxs| sx4|sx3| sx2|sx1|sxo
R#33 oflo|oflofofo]o[sxs -
. ' ‘ ‘ - Basic transfer
IR B R T T p01nt
R#34 SY7]8Y6}SY5|SY4}SY3|SY2|Syl|sSyYo =
R#35 olofofo}]ofo[svolsys
R¥36 Dx7|Dx6 |Dx5 |Dx4|DX3|DX2|DX1|DX0
R#37 olololo]o| ol o]pxs
7 SESUD SSVDY W N S S T ~ Destination.
; ; f T , : ‘ transfer point
R#38 DY7|DY6|DY5|DY4 [DY3|DY2|DY1{DYO I
R¥39 o{o|lo|o]|o]| o |pysfoys .
R#40 NX7|Nx6|Nxs|Nx4|Nx3|Nx2|Nx1|Nxo] |
R#41 0 04{0 010 0 0 |KX8 "to transfer,
: — T x-direction
R#42 NY7 | NY6 | NY5 | Nv4 |NY3| N2 |Ny1|NYo e
' T 1 NY — Number of dots .
R#43 0 0 0 0 0 0 |NY9|NY8 - to transfer,
' y-direction
R#45 0 | - |mxp|Mxs|DIY|DIX|.-.| - | ARG
= Data-tfansfer‘direction (x)
- Data transfer direction (y)
Sourceé memory select -
Destination memory select
4.3.3: Executing,the HMMM command . . ‘ L3
MSB 7 6 5 4 3 2 1 0 LSB
R#g6 . [ 1|1 o -] =]-]-|cr
63 ?




AR

T B R e A 2

V9938 MSX-VIDEO USER'S MANUAL

4.4 HMMV (High-speed move VDP to VRAM)

The HMMV command is used to paint in a specified rectangular ‘area of

the VRAM or the expansion RAM.

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

Video or Expansion RAM

(DX, DY)

— DIX : : ‘ : g
: NX ) i MSX- |
NY ' o € - - ! VIDEQ&

DIY

4.4.1 HMMV Execution Order

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

l. First, - set thé necessary parameters in the command reglster of

- the 'MSX~VIDEO.

3

MXD: Select destlnatlon memory »
0: Video RAM T !
1: Expans1on RAM I

NX: Dots to move in x-directién (0 to 511) *1
NY:V“fDots to move in’ y—dlrectlon (0 to 10237~

DIX: Dlrection for NX from source p01nt

0: Right
‘ 1: Left -
DIY: Direction for NY from source p01nt
0: Down ‘
l1: Up

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

" %] - Note that in the G4 and G6 modes, the lower one bit,

CLR: Color ‘code data -

2. After you specify the above data, execute the‘Command‘by writ-

ing 1100 0 0 0 0 into the CMR.

3. The above procedure will execute the HMMV command in the ,
VIDEO. While executing the HMMV 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.

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

MSX-
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4.4.2 Setting up the HMMV register

MSB.

R#36

R#37"

R#38
R#39

R#40

R#41

R#42
R#43

R#44

R#45

7

6

5

3

2 1

0 'LSB

DX7

DX6

DX5

DX4

DX3

DX2|DX1

DX0O

_|pxg|

- Destnation

DY6

DY5

DY4

DY3

DY2|DY1

transfer point
DYO

| 0 }DY9 /|

DY8|

7| Nx6

ﬂNXS

(NX4

[Nx3

Nx2| Nx1

NXO| .. o .
' " NX — Number of dots

| NX8. ~ to transfer,.

x-direction

NY6

NYS{

NY4 |

NY3

Ny2 [Nyl

(NYO

o {nvel

— NY — Number of dots
NY8] to transfer,

y-direction

CR6

 CRS

 CR4

CR3

CR2|CR1

CRO| CLR (G4, G6) -T\<

X=

2N

X=2N+1

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

CR7

CR6

CR5

CR4

CR3

CR2 | CR}

crol CLR (@5) ‘—=—"Data to
o " | transfer

X=4N

X=4N+1

X=4N¢2 X=4N43° (N=0,1,...127)|

CR7

|CR6

| CRS

CR4

CR3

CRO| CLR (G7) -

CR2 |CR1 |

Cne’

dot

MXD}

DIY

DIX| = |

=1 ARG.

Data transfer direction (x)

-Data transfer direction (y)

4.4.3 Executing thé HMMV' command

MSB 7

R#46

6

5

4

3

2 1

Destination memory select

1

1

ot

0 :

65
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4.5 LMMC (Logical move CPU to VRAM)
The LMCC command transfers data from the CPU to the Video or expansion
RAM in a specified rectangular area (in x—y coordlnates) via the MSX-
VIDEO. — :

Since the data to be tranSfeffedtisfdoné in units 6f‘Adbts,' logical
operations may be done on the destination points. :

Video or Expansion RAMJ”:

(DX, DY) ‘
: —— > DIX. R T T R
o Nx | ' S MSX- . | CPU
| b1y

. 4.5.1 LMMC ExeCutioﬁ Order

1. First, set the necessary parameters in.the commandfrééister of
the MSX-VIDEO.Z : ;

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

DX: Basic ‘x-coordinate of destlnatlon (0 to. 511)
DY: Basic y-coordinate of destlnatlon (0 to 1023)

NX: Dots to move in x—dlrectlon (0 to 511)‘
NY: Dots to move in y-direction (0 to 1023)

DIX: Direction for NX from x-coordinate of destination

0: Right
1: Left :
DIY: Direction for NY from. y—coordlnate of destlnation
0: Down , - N L ,
l: Up

'CLRE;Kﬁirst‘bYte'of da@é to be transferred

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

(CMR), and place the loglcal operation code in the 1lower four
bits of CMR. e

3. While checking TR and.CE °in :Status Register S#2, send the.
second byte and all bytes following into the CLR register.

66
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4.5.2 Setting up the LMMC register
MSB 7 6 5 4 3 2 1 0 LSB
R#36 px7|Dx6|Dx5|px4|DX3|DX2| DX1|DXB] -
— —t—+—1 DX
R#37 0 0 0 0 0 0o {0 |Dx8} = Basic
bl destination
. ——T] point
R#38 DY7|DY6|DY5|DY4|DY3|DY2{DY1|DYO} - . .
DY
R¥39 olo|o|o]o]o|pvejpysf
R#40 NX7 | NX6 | NX5|NX4|NX3 | NX2| NX1| NXO'
: A \ ——t——+1——— NX — Number of dots
R#41 0 0 0 0| 0.0} 0 |NX8 ~to transfer,
‘ S cn e - "x-direction-
R#42 NY7'NY6'NY5;NY4‘NY3fNY§‘N¥ﬁTNYO .
| ‘ i e — — NY — Number of dots
R#43 0 0 o} o0 040 1 NY8 to transfer,
j , ; ; e y—diregtion
RE44 =1 - |- |- |em3|crafcrafene} crr (e4, c6)
-t -1-1-1-1- |emlcro| cLr (c5) - Data to
, L —— | transfer
cr7 | cR6 [CRS |cRa [CR3 [cr2 [cR1|CRO| CLR (67) *
R#45 0 | - |mxp| - |pry|pIX| - | - | ARG
L pata transfer direction (x)
Data transfer direction (y)
Data destination select
4.5.3 Execution of LMMC commands
MSB 7 6 5 4 3 2 1 0 LSB
R#46 - 1 0 1 1 |LO3|LO2|LO1|LOO| CMR
Logical operation
&7
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4.5.4 Flowchart of LMMC execution

( LMMC START )
— ol
[ setup MSX-VIDEO |

[Execute Command ]

[Read status Register #2]

,:YeS'(CE=0)

End of Command?

T Mo (cE=1)

' No (TR=0)

Transmit Ready?

[Transmit Data]
s

B e

£ R
- T
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4.6 LMCM (Logical move VRAM to CPU)

‘The LMCM command transferssdata from4th€,Video or expansion RAM to the
CPU, in a specified rectangular. area (in x-y coordinates) via the
MSX-VIDEO. : N ‘ o - . :

The data is transferred in unitsfpfiddts.;

Video or ExpansioniRAMﬁ o

(SX, SY) -
' - DIX - ] 5 1 e |
) X -y s fMsx- ) | CPU
Ny X +—> |viDEO|—
4.6.1 LMCM Execution Order

..1. First, set the necessa{y parameters 1m the command;register of‘
the MSX-VIDEOC. . (

o MXS}_'Select source memory “'1
T 0 Vldeo ‘REM
1w Expan510n RAM

SX: Basic x-coordinate of source point (0 to 511)
SY: Basic y-coordinate of source point (0.to 1023) .

NX: Dots to move from source point in x-direction (0 te 511)
NY: Dots to move from source p01nt in y—dlrgctlon (0 to 1023)

!
DIX: Direction for NX from;x-coprd;pape“of source pq;nt
0: Right
 1: Left B
DIY: Direction for NY from y—l ordinate of source point
0: Down B E
“1l: Up ’

2. After you specify the above data,'execute the command by wr1t—
ing 1 01 0000 0 B into the CMR.

3. While checking TR and CE in Status Register S#2, read  Status
Register S#7. '
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R#33

R#34

R#35

R#40
R#41

R#42
R#43

R#45

R#46
- S#7
S#7

S#7

R#32 ©
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4.6.2 .Setting up the LMCM register

MSB 7 6 5 4 3 2 1 0 LSB
| sx7 |sx6 |sx5|sx4 |sx3 |sx2|sx1|sxo| "
. SX
0 0 0 0 0 0 | 0 |sx8] Basic
: — source
. : : point
SY7 | SY6 |SY5 |Sy4 |sy3 |sy2 syl |syo
1 sY
0o Jofo|o]|o]|o |syolsys
Nx7 | Nx6 |Nx5 | x4 |Nx3 |nx2 [Nx1 | nxo} | = :
3 — T 11 —1 1 NX — Number of dots
0 0O lOo 0O ]|]O0OT]oO0 ] 0 |NX8f _ to transfer,
- —— et ‘ . x-direction
N7 |Nve |Nys |Nva [Ny3|nva2|nvi|wvo|
: - : ——+ e " NY — Number of dots
010 0 0o} o 0 |NY9|NYS8 to transfer,
st : —t : ' y-direction .
o | - | - [mxs|oryforx| - | - | are.
— Data transfer direction (x)
~ Data transfer direction (y)
Source memory. select
4.6.3 Execution of LMCM ‘commands’
MSB 7 6 5 4 3 ‘2. 1 0 LsB
1 011  .0 1 =1 -1- -] CMR
0| o] o o{c3jc2 |c1 |co | status Register s#7 (G4,
| 0jo}j.o}o I 0 ]0|Cl|cCo Status Register S#7 (G5)
c7 |c6 |c5 |ca Jc3 Jc2 [c1 |co | status Register S#7 (G7)
70
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4.6.4 Flowchart of LMCM execution . -

C LHCH sm’i&@

I
ISetup MSX-VIDEO |
1

[Execute Command |

|Read Status Register #2|

Transmit Ready? = s 4
' o No (TR = 0)
Yes (TR=1) s ‘

‘[Read status Register 7]
| ‘ ]

Command End?

Yes (CE = 0)

_LMCM END

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

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

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

Video or ExpénSion RAM

NX — DIX

‘\ 7‘7. T -

NY

| b1y’

(DX, DY)

4.7.1 LMMM Execution Order

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

" 'MXS: Select source memory
- 0: Videc RAM
1: Expansion RAM

MXD: Select destination memory

—— ~—— 0: Video RAM —
1: Expansion RAM

SX
SY

"Source point x-coordinate (0 to 511)
Source point y-coordinate (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 source point

0: Right
1: Left
DIY: Direction 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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3. The above procedure will execute the LMMM command in - the 'MSX-
VIDEO. . While -executing the LMMM command, the CE bit of the
‘status register (S#2) will be set to l, and when the command is
complete, it will be reset to 0. I

4.7.2 Setting up the LMMM register
MSB 7 6 5 4 3 2 1 0 LSB

R#32  SX7| SX6 | SX5| sx4|5X3 | sx2|sx1|sxo

R#33 olofofo]|ofo] o |sxs -

—— - . Basic transfer

: ‘ SRS DL S : s - - R point
R#34 SY7|SY6|SY5|SY4|S¥3|Sy2|SY1|SyY0 -
re35. | oo |o| o] oo |svo|sys
R#36 pX7|Dx6|DX5|DX4|DX3|DX2|DX1|DXO0
R#37 0o }jlo]Joj|lo o] o |Dx8 o
: ' R s S — .Destination
: —— transfer point

R#38 DY7|DY6 DY5|DY4|DY3|DY2|DY1|DY0 '

R#39 of{ofo]|o]o]o |pvo|pvs x

R#40 | NX7|Nx6|NxS5 Nxdfux3'ﬁx2’ﬁ31fﬂxo] A I

o ——— i —e—fert——t—q  'NX° — Number of ‘dots

R#41 0Ojojo}|jo0o| 0| O0Ff O |NX8f to transfer,

' : el e x-direction
R#42 NY7 | NY6 | NY5 ‘NY4 NY3 NY2 FNYl NYO/ _ ki o
: ’ R E —4——— NY — Number" of dots
R#43 Ojo}]Jo}|o0]|] 0| 0 |NYI|NYS to &ransfer,
‘ — y-directién
R#45 0 | - {mxp{mxs|pr¥|pIx| = | - | ARG
Data transfer direction -(x)
- Data transfer direction (y)
~Source memory select -
L Destination memory select
4.7.3 ExeCUtingjthefﬁMMM”cpmmand
MSB 7 6 5 4 3 2 1 0 LSB
R#46 1 ]0|o0|1 |ro3|Loz2|rol|Loo| cmr

Logical operation

~J
(0
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4.8 LMMV (Loglcal move VDP to VRAM)

or Expans1on

RAM according to a specified color code.

The data is transferred in units of one dot, and a 1logical

may be done on the destination data.

Video or Expansion RAM

(DX, DY)

~ - DIX R |
NX , , MSX-

NY

l DIY

A

4.8.1 iMMV Execution Order

1. First,

-the MSX-VIDEO.

MXD:

NX:
NY:

DIX:

DIY:

|vibeo|

‘The LMMV command palnts in a spec1f1ed rectangular area of the Video

operation

set “the necessary parameters in the command reglster of

Select destination memory
0: Video RAM
1l: Expansion RAM

Dots to move in x—dlrectlon (0 to 511)

lDots to move- in- y—dlrectlon (0 to 1023)

5

Dlrectlon.for NX from source,p01nt.

0: Right

1: Left

-Direction. for NY from source p01nt
0: Dewn : L

1z Up-

DX:
DY:

CLR:

2. After'you‘specifylthe abbve data, execute the command.

Basic x—coordLnate of destlnatlon (0 to 51;)

Basic y-coordinate of destination (0 to 1023)

‘Color code .data

Write 1

0 0 0 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-
While executing the LMMV command, the CE bit of the
status register (S#2) will be set to 1, and when the command is
complete, it w111 be reset to:0. »

VIDEO.




V9938 MSX-VIDEO USER'S MANUAL

4.8.2 Setting up the LMMV register

MSBE 7 6 5 4 3 2 1 0 LSB

R#36  |DX7|DX6|DX5|px4|Dx3|DX2|DX1|DX0O|

R#37 0 0 0 0 0 0 0 |Dx8
‘ —1 - - Destination
transfer point

R#38 py7|pye|pys |pyalpy3|py2|py1|pyol

R$39 ' olololo]| o] o |pye|pys

R#40  [Nx7|Nx6|Nxs Nxa|Nx3|Nx2|Nx1|mxo| .

; l ——t— —t NX — Number of dots
R#41 1ojo}jo}joj]o| 0]O0 |NX8] to transfer,
ok 3 M — et x~direction °

R#42  NY7 [NY6|NY5 [ Ny4 { NY3 | NY2 [NYL [NYO] - : :
b +—— _NY — Number of dots
R#43 N 6| O 0 | 0 |NY9|NVB| to transfer,
, ' . ; t y-direction

" R#44 o fo|o|o |c3fc2 |1 fco| cur lea, 68y o

i |

t Data to

ocJo|lofofofofcifco| cur (e

- | transfer

‘

7 |c6 |cs |ca fc3 |c2 |1 [co | cur te)

EEPI T

R#45 - | - juxD - - |pryjorxf - |- | are

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

4.8.3 Executing the LMMV qommand

MSB 7 6 5 4 3 2 1 0 LSB

R#46 1|0} 0] 0 |LO3|LO2{LOL}{LOO| CMR

Logical operation

n
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4.9 LINE

The LINE command draws a straight line in the Video or Expansioh RAM.
The line drawn is the hypotenuse that results after the long ‘and short
sides of a triangle are deflned. The two s1des -are defined as

distances from a single p01nt.

Video or Expansion RAM

DIX

4.9.1 LINE Executlon Order . ”»m?“”'

1. First, set the necessary parameters 1n the command reglster of
the MSX VIDEO. ‘ ;

 MXD: Select destlnatlon memory
- '"'0. Video RAM ‘
1: Expanolon RAM

Maj: Number of dots in long side (0 to 1023)
Min: Number of dots in short 51de (Oyto“Sllﬁ

MAJ: Direction for long side

~0: Long side is in x-axis ;
1l Long 51de is in y-axis (6r x-axis = y-axis)

DIX: Direction from source point tc end point”

0: Right
l: Left
DIY: Direction from source point to end point
0: Down
l: Up

DX: Basic x-coordinate‘(O‘tO“511)~E
DY: Rasic y-coordinate (0to:1023)

2. After 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.

3. The above procedure will execute the LINE command in the MSX-
VIDEO. While executing the LINE 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 O.
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4.9.2 Setting up the LINE register

‘MSB 7

!

R#36
R#37

R#38

R#39
R#40
R#41
R¥42
R#43

R¥44

R#45

6 5

4 f

3

1

0

LSB

DX7

DX6|DX5

DX4

DX3

DX2

DX1

DXO0

0‘

0 . 5

0

‘ 0‘ b

[oxs

- DX

0 0

DY7

DY6|DY¥5

DY4

DY3

DY2

DY1

DYO

V_DY9

DY8|

Basic point

DY

iMJGiMJS

MI4,

M3

M2

| MJ1

M0 |

Maj (NX) -Number of dots

in long side

&L

MI0 |

u18 |

fin (NY) -Number of dots

in short .side

les

- CLR (c4, C6) —

B

co

CLR (G5) ———~ Data to

| transfer

:C7

c6 |c5

Cc4 .

fe3

:92;»

| cur en) ——

DIY

pIx|

| MAJ |

ARG

0 |.- |mMxp| - -
I T

CHL%L@ﬁg‘sidé;direction select

S

4.9.3 Executing the LINE command

MSB 7

R#46.

6 5 -

4

3

"End point direc¢tion (x)
- End point direction (y)
— Destination memory select .

LSB.

| o

»11»‘,1

1

1,02

.00

CHR

-~ Logical operation
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4.10

SRCH

The SRCH command searches for a border color in the Video or Expan51on
RAM to the right or left of a ba51c p01nt.

4.10.1

1.

. T
Video or Expansion RAM'

(SX, SY) - pIx

Border :
Color Point

4

Ve,

“SRCH Exectution Order

First, set the necessary parameters 1n the command reglster of .
the MSX-VIDEO. ‘

MXD: vSelect search memory

"0: Video RAM
l: Expansion RAM

DIX: D1rect10n from sour ce p01nt to search i
0: Right
1: Left

"EQ: When 1, ends execution when border color is found.

- When 0, ends execution when a color other than the
jborder color is found. '

: SX& Bas1c x—coordlnate for'search'(ovto 511)1

SY: Basic y-coordinate for'search”(o to 1023)
CLR: Color code data

After you specify the above data, execute the command by
writing 011 000 00 B into the CMR. ' ’

The above procedure will execute the SRCH command 1n the MSX- -

VIDEO. While executing the SRCH ‘command, the CE bit of the
status reglster (S#2) will be set to 1, and when the command is
complete, it will be reset to 0. 1If the color is found the BD
bit is set to 1.
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4.10.2 Setting up the SRCH register
MSB 7 6 5 4 3 2 1 0 LSB
R#32 SX7| sx6 | x5 |sx4| sx3| sx2| sx1|sxo| -
R#33 olo|lo|o]|]o| o] o]|sxsl
' N e Basic point
T . T for search
R#34 SY7| SY6 | SY5|SY4 SYBJSYZ SYl $¥0f <
R#35 o|lo|o|of o] o [svosvs]
rt44 | o | o | o |o|e3 |c2 |c1 {eo | cLR (G4, &) —
— —— ——— el Border
olofo |06 | 0¢0jci |CO| CELR (G5) tcolor for
‘ a— e . search
c7 |c6 |cs |ca|c3 |c2 |c1 |co | cLr e
- —- ,» ';‘.g,.",__w__.A._ E
R#45 - | - |mxo| -4 - {pix{EQ | - | ARe
L——f?4~— Command end condition
= -~ Search direction (x)
Search memory select
4.10.3 Executing the SRCH commangd ’
MSB 7 6 5 4 3 2 1 0 LSB
R#46 0 1 1 0 - - - - CMR
Status registers
S#2 - - - |BD | - - - |CE
L—— Set to 0 at end of command
Set to 1 if border color
is found
S#8 BX7 |BX6 |BX5 |BX4 |BX3 |BX2 |BX1|BX0|{ LOCation where border
» ' ; ' : ‘ | color was found
S#9 1 1 1 1 111 1 |BX8 (x-coordinate)
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4.10.4

Flowchart of SRCH execution

(CSRCH START )

[Setup WSX—VIDEG]
T

1LExecute

ébﬁménd]

[Read status

,Régister.¥2}

End‘of Comméhdé.‘

Border colotffpundé ;

Yes (CE=0)

.&eé (BD=1)

[Read status

register #8]
T " g

[Read Status

1Regié£éfﬂf9j

( SRCH

No. (BD=0)

"END

JNo (CE=1)
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4.11 PSET
The PSET commang -draws a.dot in- the Video or Expan51on RAM.:

A logical operation is done.on the data of -~dot that . is already.
displayed. : ' -

Video or Expansion RAM

(DX, DY}

4.11.1 PSET Execution Order

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

MXD: Select memory
0: Video RAM
1l: Expansion RAM

DX: x-coordinate of dot (6 to.511) . . . ¢ °
DY: y-coordinate of dot (0 €o 1023) -~ - 1 e

2. After you specify the abeve data,-execute the command.
- Write 0 1 0 1 B into the high-order four bits of the command
register (CMR) "and the 1logical operation into,the low-order
four bits of CMR.

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

(ae)
[
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4.11.2 Setting up the PSET register
MSB 7 6 5 4 3 2 1 0 LSB
R#36 |DX7|Dx6|DX5|Dx4|DX3|DX2|DX1|DX0
R#37 olofo]o|o]| o] ofpxs
' : - . ‘ Basic point
R#38 py7|pY6|DYS|DY4 |DY3|DY2|DY1|DYO
r#39 | o [o [ o] o | o] o [pyo|pys|
. R¥44 0o lo]|o]o|c3|cz|ci|co| cur (c4, G6Y
ofofofofo]|o]ca|co| cLr () —PsET data
c7 |c6 {cs |ca |3 [c2 |c1lco | cLr (en) —
R#45 o|-Jmxp} -] -1-1-1- ARG B
' Memory select
4.11.3 Executing the PSET command
MSE 7 6 5 4 3 2 1 0 LSB
Réa6 | o | 1| o] 1 |ros|uoz|uorfLoo| emr
1 L— Logical eoperation
§2
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4.12 POINT

The POI
Expansi

4.12.1

1.

NT command draws a dot of the color specified in the Video or
on RAM. :

Video or Expansion RAM

(sX,sY)"

POINT Execution Order

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

MXS: . Select memory
0: Video RAM
l: Expansion RAM

SX: x—coordinate of dot .(0 to 511)

SY: y-coordinate of dot (0 to 1023)

4,.12.2

. R$#32

R#33

R#34

R#35

R#45

After ybqvépecify, the above 'dgtg; exeéute 1the‘ command by
writing 01 0 0 0 0 0 0 B into the CMR. ' s

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

Setting up the POINT register

MSB 7 & 5 4 3 2 1 0 LSB

SX7 | 8%6 | SX5 SX4 |SX3 |sx2 [SX1 [SX0|

— — - SX
0 }j@ |00 0|0 |0 |Sx8 ]

Basic point

[ ] 1 ‘ PN 1
sy7 |sy6 |sys |sva [sy3 |sy2 |sy1 |syo]
S b bbb gy —
o |o oo |o|o |syo|svs
-l -]-Ims|-]-1-1-1] are

Memory select

[e0]
w
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4.12.3 Executing the POINT command

MSB 7 6 5 4 3 2 1 0 LSB

R$46 o1 fofof-]|-|-}|-| m

Status registers

S#2 - - - - - - |cE
Set to 0 at end of
command '
S#7. ol ofo]olc3|c2|cr|co| color code (G4, G6)
S#7 o] o|o]ofo]|ofci|col| color code (G5
S47 c7 {c6 |cs |ca |c3 |c2 |c1 [co | color code (G7)

5. Speeding up the processing of commands

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

5.1 'Inhibit the display of sprltes

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

be used for commands 1nstead and therefore the command executlon is:

faster.

5.2 Inhibit the screen display

If bit 6‘of‘Regléter R#1 (BL) is set to 0, processing for ‘the screen

can 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 on the MSX-VIDEO are executed, the conditions of -the
registers will be as'listed in the following table. P ‘

sx { sy | px | DY | NX | NY | CLR |CMR H|CLR L| ARG

HMMC - -1 - b -

2 2
(=]
l
|

YMMM - -] - |~ | - ,lh

EMMM -~ | -1 * | -

LMMC -l - -1+ ] -

LMCM = D T A -

2 o | = | | 2| =
|
o
1
1

. LMMM - * - * - - 0 - -
wa i _ B - ~ = *1, - - | e e - " 0 - :

LINE | - _;A.-f 1 -1+« | - i‘ - - 1o |- |-
; sreu | - | -~ = =T -1-1- T o T - I -

pser | - | - | - | -} - - |- |o9oq{-]-

poINT | - | - } -} - | - | - « 1o | - | -

- Unchanged
* Coordinate at’command end (SY*, DY*) or color code
# The count (N¥B) when the end of #he screen was detetted

Note: The values for S¥*, -D¥* and NYB are. the dots, as substituted
for N in the equations below. A D

] SY* DY 4 N . ¢  (DIY¥ = 0)

SY* = SY - N DY* = DY - N - (DIY = 1)
NYB = NY - N Y :

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

85
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SPRITES

The MSX-VIDEO can be used to display 32 sprites. The size of  the:
sprites are 8 x 8 dots or 16 x 16 dots. The size in the horizontal
direction of a sprite is 1/256 of the screen. The sprites may be
placed anywhere on the screen. . : : - .

Since the sprites are handled in a conceptually independent screen,
they do not affect the data within other screens. 4

(Sprite Scréen)_‘

(0,255)% . (255,255)%
&, 4
Sprite
' CRT area displayed  + . b—o—odl
; o Sprite
(0,191) | | | Y | (255,191
or | — : 5 — - - or
(0,211) : SEp—— R T S ~ie) (255,211)
Sprite ‘ - S
CRT area undisplayed —
(0,254) (255,254)
.« ¥*The y—coordinaté;ofrthé~upber'eége“of‘a‘éptité is 255%, ,f @7‘-~‘

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, GRAPHIC 4, GRAPHIC 5,
GRAPHIC 6, GRAPHIC 7 ~
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1. SPRITE MODE 1 (Gl, G2, MC)

1.1 Characteristics of SPRITE MODE 1

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

. *2] j#3] — 16

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

In addition, if there are five or more sprites on one horizontal line,
bit 6 of - status register S#0 will be set to 1, and the lower-order A
f1ve blts w1ll be set to the number of the flfth sprite. '

l 2 SPRITE M@DE l dlsplay (GI G2 MC)

To dlsplay sprltes, use the follow1ng controls,'

Sprite B8izé ‘R#l bit 1 S
SI l1: 16 x 16 dots
SI =0: 8 x 8 dots

- Sprite magnification R#l bit @ REE S
. MAG l1: Double-size
MAG 0: Normal

- Setting the sprite pattérn generator table R »
Set thé sprite's pattern in the Sprite Pattern Generator Tablé“ﬂof"\
the VRAM (#0 to #255). - - S

- Setting the sprite attribute table ‘
Set the sprite'’s attributes (its coordlnates, pattern number, and
colors) in the Sprite Attribute Table of" the VRAM (#0 to #31).

1.3 Sprite Attribute Table (Gl, G2, MC)
The Sprite Attribute Table is an area in the VRAM that contains the

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




V9938 MSX-VIDEO USER'S MANUAL

MSB 7 6 5 4 3 2 1 0 LSB
T T T T T T LI
Y-coordinate (0 to 255) - Sprite attrlbute table‘
} } } o + T base address
X—coordlnate (0 to 255)
'4 4‘ l. 1 l ) 1 ‘ .
.‘tPattern number (0 to 255) | }— Attribute area for
F— - ‘ = —f— —— . |  sprite #0
| EC | 0 0| 0} Color code - .

| —— Attribute area for
' sprite #1

' b— Attribute area for
‘ sprite #31

- Y-coordlnate (0 to 255)

If the value for the sprlte s y—coordlnate is set. to .208,. all
sprites with lower priority will not be displayed. For example, if
sprite #10's y—coordlnate is set to 208, sprltes #10 to #31 will not
be displayed.. S _ ,

- X-coordinate (0 to 255)
Specify the x—coordlnate of the. sprlte,;_‘._-

- 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. 1In this  ease,
you may specify any one of the four sprite pattern numbers.

In the above manner, if all spfités'éré 8§ x 8, there will be 256
possible patterns; however, if all sprites are 16 x 16, there will
be 64 possible patterns. . : :

- Color code (0 to 15) K .
Specify the color code for pattern color 1. The - color .gode for -
pattern color 0 will be transparent. -

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

the left. .In other words, whem this function is used, the sprite is -
moved to the left, one dot at a time, from the left edge of . the
screen.

,,rLeftredge~0f~CRTf
&~ 32 dotsg —> : L

]
!
!
L
]
‘ H | " Sp;ite
1
1




V9938 MSX-VIDEO USER'S MANUAL

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

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

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

The pattern for each Sprite’mUSt be written in this area. Eight bytes

are used for each.pattezm, for a total of 256 patterns. Each of the
256 patterns are as, a sp 1te pattern number from #0 to #255-
the sprlte s;ze is Jots

N R s ) | Sprite Pattern Generator Table
S TR | Base Address

— ;1*‘1‘J2”3”f — Pattern #0

?—; Pattern #1

.
o .00 e o e

Pattern #255 (Maximum)

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

(x=1, 0=0)

MSB LSB
76543210
0000000X

00000XXX

OOOXXXXX
OOOO0XXXO
OOOOXXOX
OOOOXXOX
OOO0O0XXX0
OOOXX%XX

OOXXXXXX
OXXXXXXX
XXXXXXXX
XXXXXXXX

OOXXXX00
0O0O0XX000

00000000
00000000

X0000000
XXX00000
XXXXX000
OXXX0000
X0XX0000
X0XX0000
OXXX0000
XXXXX000

XXXXXX00
XXXXXXXO0
XXXXXXXX
XXXXXXXX
OOXXXX00
0O00XX000
00000000
00000000

"Address
8N

8N+1 .

8N+7

'Patte:n

Pattern

Pattern

Pattern

N_O l I3
(Pattern Name Table Base Address for N—O)

number 0

number

number

number

- If the sprite size is 16 x
sprite attribute table can

-, 255

 Examp1e of,16 x 16 Sprltel

: oooooooxxooooooo

- DOOOOXXXXXX00000
- 'OOOXXXXXXXXXX000
" 0000XXX00X¥XX0000
0000XXO0XX0XX0000
0000XX0XX0XX0000
ooooxxxooxxxeooo

 DOXXXXXXXXXXXX00

OXXXXXXXXXXXXXXO
XAXXXXXX XXX XXXXX
XXXXXXXXXXXXXXXX
OQXXXXOOOOXXXX00
000XX000000XX000
0000000000000000
0000000000000000

#0 :'#2

Lo

16, the patterninumbér specified
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 #0 to #31. The
sprites assigned the 1lower numbers have a higher priority. On a
single CRT horizontal line, up to 8 sprites with the highest priority
are displayed, and the overlapping portions of sprites with lower.
priorities are not displayed. '

0| #1] Tea] [es] [#6] — Tesl
» —1 f#2] Je3] b — ‘#T.--#9|

vt v
P AT

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

1. Wwhen this occurs, the coordlnates of the colllslon will be set in
status reglsters S#3 to S#5.°

In addition, if there are nine or more sprites on one horizontal 1line,
bit 6 of ‘status registeér S#0 will beé set tc 1, and the lower- crder
five bltS w111 ‘be set to the number of the ninth sprite.

The colors of the sprlte may be specified for each horlzontal 11ne.,

¢

The sprite prlorlties may be cancelled by setting the CC bit of the
attribute table, and if sprites overlap, a logical OR may be’ done on
the colors of the sprite. 1In other words, in SPRITE MODE 1, while
only two colors may be displayed, 'in SPRITE MODE 2, four colors may be
displayed. ‘ o e

2.2 SPRITE MODE 2 display (G3, G4, G5, G6, G7) -
To display sprites, use the following controls.
- Sprite size : R#l bit 1

SI l1: 16 x 16 dots:
SI 0: 8 x 8 dots

X9

b
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2

4

5

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

MAG = 0: Normal

Sprite display R#8 bit 1 |
, SPD = 1l: Disable
SPD = 0: Enable

Settlng 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. : e

Setting the sprite attrlbute table

Set the sprite's attributes (its coordlnates, péttern number, and
colors) in the Sprlte Attribute Table of the VRAM (#0 to #31).

.3 Rélationships‘between the VRAM Tables (G3,G4,G5,G6,G7)

Sprite - A ©  Sprite ' o Sprite Pattern
Color Table Attribute Table Generator Table
[\ J { - - : ; — Base ———
.| #0 (4 bytes)| Address -} Pattern #0
#0 4 - ‘ (8 bytes)
(16 bytes) }. -} #1 (4 bytes){ 8 p——— —t
: : 8 . e — a1l p0531ble Pattern #1
. e A . comblnatlons (8 bytes)
16 . . ‘ 16
. L. - T e . ‘ . Pattern #2
. , . (8 bytes)
B 2 S O .- S 24
- (16 bytes) | . . ‘ . - .
32 L S g . - . . .
96
#31 , Y ~ ;
(16 bytes) | ‘ 2040
124 } Pattern #255
#31 (4 bytes) _ (8 bytes)
12 128 ’ 2048
.4 Sprite Attribute Table (G3, G4, G5, G6, G7)

The Sprite Attribute Table is an area in the VRAM that contains the
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display (x- and y-) coordinates, and pattern numbers of the 32
sprites. Each sprite has four bytes ijatt;ibute‘data.

MSB *° 7 6° S "4 3 2 1 —o"‘L‘

Sprlte attrlbute table
Y—coordlnate (0 to 255)“ -1. base address

X-coord1nate (0 to'255)f f‘

Pattern ﬁumberj(O“tO*ZSS)\*A'“'”F—- Attrlbute area for

Reserved -1

. —— Attribute area for
‘sprite #1

. |— Attribute 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 prlorlty will not be dlsplayed. For example, if
sprite #10's y-coordinate is set to 216,'spr1tes #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 correspondlng.to bne sprlte. In this case,
you may spe01fy any one of the fout sprite pattern’ numbers.

In the above manner, if all sprites are B8 'x 8, there will be 256

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

This bit is always set to 1.

R#5 [axa]a13]ai2][a11]Aa10]a0 | 1 | 1 | Spirte attribute table

R#11 fofoloJo]o]o lAlGIA;S] base address fegister _ F
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2.5 Sprite Pattern Generator Table (G3,G4,G5,G6.,G7)

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

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

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

. .. VRAM S
J=— 1 byte —| o I ,
— - ‘4 — Sprite Pattern Generator Table
' _Base Address

— Pattern #0

- = |— Pattern #1.

Pattern #255 (Maximum)

el
NN
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2

.6 Sprite Color Table (G3, G4, G5, G6 G7)

In SPRITE MODE 2, the color for sprlte color pattern 1 may be
specified on each 1line (sprite color pattern 0 will always be
transparent). In addition, the sprite.priority, collision detectlon,
and E€ (Early C€lock) may be - cancelled or enabled. ,

The base address of the Sprlte Color Table 'W1ll always be

automatically caleulated by subtracting 512 (decimal) from the base
address of the Sprlte Attribute Table.
MSB 7 6 5 4 3 2 1 0 LSB
] : g T T T . —T
0 | EC [CC [IC | 0 | Color code Line 1
1 | Ec fecc [1c | o | color code . Line 2
3 1 d d L L . 1 X - )
. S . { — Color Table.
. , T ‘ ’ ' for Sprite #0
N T S
15 EC |CC |IC 0 .| Color code ~Line 16..
! L . . . pu—
496 EC |CC |IC | 0 | Colox code. | Lipne 1 o
497 | EC |cc [1c | 0 | color code Line 2
bt : . —— Color Table
. . . for Sprlte #31
- — ) i ST T '?l = ,': |
511 | EC |cCC [IC | 0 | Color code’ - | 'Line 16

Sprite Attributer Table Base

; : Address

— : Sprite Coler. Code (0 to 15)

1 j { , : 4 for each line

[ N T e e i j€0111510n Detect 1l=No 0= -Yes

’ ———— Priority Enable 1=No 0=Yes

Display 32-dot shift left
I=Yes 0=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 whére»CC is set to 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 same
line, the ninth sprite and above will not be displayed as explained
earlier. ‘

Sprite #X-1

Sprite #X-Ii Sprite #X

i—d - t——— .- o

L]

L]

L]

[ ]

L]

[ ]

L]

[ ]

L[]

. _——

L]

L]

]

L]

L]

L]

o Somm

.

.

L]

L[]

L]

o R

L]

¢ = = g

.

.

L)

.

.

L]

L]

. -
S -

N | . N P .
) e . i
CC=All 0 P oleeene. : AR
cc=all 1 - CC=A11 1 =

For the portions of the sprite in which CC is set to 1, even if a
sprite having the number which is closest to that sprite has CC=0
overlaps the sprite, the collision is not detected. For overlapping
sprites, a logical OR is done on the color ecodes for display.

Example of three sprites being displayed in ‘seven colors

hatatbai |
' M
Sprite #X 8 i " Colpt codes all 8
_ ’ L : :
Ce=all1 0
e e . I
o b} 4 | msB LSB ,
Sprite #Xx+1 | ~b—m——_"" 0 J1Jofof Color codes all 4
:w._“._-i.’_"'----_'-_-.i" . P
CC=A11 1
groTTTTTTm oo g ’
: ! MSB LSB
Sprite #X+2 . ; : joJojJ1]ol Color codes all 2
E . 2 | -
CC=All 1

Vo)
(a3}
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Example of overlapping the above sprites

faz] 4 ,
4
,14_ :?.,56 .
8. . 8
10| 2| 2
In SPRITE MODE 2 In. SPRITE MODE 1
. —No collision . —Collision detection .

detectlon'

2.8 Sprite Coilision

If CC is set te 0 and the sprlte w1th color portion non-0 overlaps, a
sprite collision is detected. If sprlte collision 1=‘detected, :bit 5

of status. reglster S#O is set to 1. ThlS bit 1s reset to 0 when S#0°
is read. S , ‘ .

MSB 7 6 5 4 3 2 1 0 LSB
S#0 | el |

If a sprite collision oceurs and néi@hér the méuse flag (MG) nor the
light pen flag (LP) of register R#8 are set, status reglsters S#3 to
S#6 will be set to the coofdlnatee of the collision.

MSB 7 6 5 154, 3.? 2 10 LSB

S#3 X7 [x6 x5 [X4 [x3 [X2 [X1 |X0 F—
S | : 4 ; ! | —Collision x-coordinate
S#4 1 (1|1 f1f1]1}|1]|x8
S¥#5 . |Y7 |¥Y6 |¥Y5 |v4 Y2 |Yl |YO0 | _
U somer mmns wescow m: +——p=~—{’ t—C€ollision y-coordinate -

- If sfatus register S#S Is rea&, the contents of status registers- S#3
to S#6 are reset. - - i

The vValues that are tohtained ‘th st&tus registers 5#3 :to'_S#S"wiII*
contadin offékts according to’ the: follow1ng formulas. IR B

X (S#4,543) Y (S#6,S#5)

Collision coordinates

X=XC+12 Y=YC+8

Xe)
~l
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3. Setting the Sprite Colors

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

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

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

Color code : |.. Green. :v - Red .'fw Jfglue ;;ﬂ.
31 c2l cii co| 621 611 o[ R21 R1I RO| B21 BL1 BO|
o o o oJo o o|lo o of[o o o]
o o0 o 1/0 o ofo o oo 1 o]
"0 o 1 oflo o oo 1 1|0 o .o}
©o o 1 1|0 o oo 1 1|0 1 0}
fo 1 0o ofo 1 1fo.0 ofo o o}
c 1 o 110 1 10 0 0]0 1 of}
0o 1 1.0]0 1 1fo 1 1f0o 0 o
01 1 1|0 1 10 1 1fo 1 o
1 0 o0 o1 o0 o)1 1 1]lo 1 ol
1 0 o 1o o ofo 0 of1 1 1]
1 0 1 o|lo o o}1 1 1}0 0.0
1 o 1 1)o o of1 1 1)1 .1 1
1 1 o of1 1 1]0o o oflo 0 o]
1 1 0 1|1 1 1flo 0 0|1 1 1
1 1 1 ofl1-1 1)1 1 1]l0 o o
11 1 1}1 1 1}1 1.1311 1 1|

TP and Sprites - .ew];,'

By controlling TP (Bit 5 of reg;ster R#B), ‘color code"0. wi1l be
specified in the following manner.. : The coler w111 affect the,spritesew

TP=0 Color code 9 will be treated as 1nv151b1e.
~ Sprite color part 0 will not .be  displayed, .and if . sprites
overlap, a sprite colllsion will not be éetected.rji o

TP=1 . Color code 0. wlll be the color that is .specified in. the
palette register. - (In:~«4y
B=0 will be always set).

If the sprite color part O overlape, a sprite collisien will
be detected.

g€

nlﬂs 7 mode onl LYr Rrﬂh 6=0, and;ifr
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POINTING DEVICES
l. Light pen ‘
We will explain the light pen function of the. MSX~VIDEO below. To

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

MSB 7 6 5 4 3 2 1 0 LSB

R#8 MSs |LP {TF |CB |VR 0 |SPD|{BW 1 Mode register 2

L“ 1 Light pen enable
0 Mouse disable:

use

In addition, if you want to enable an 1nterrupt when the light pen has
detected 1light, set bit 5 0f register R#0 EQ I.. Thls interrupt is

reset 1f status register S#l is read.

MSB 7 6 5 4 3 ‘2 ‘1. 0 Lsﬂ.ﬁ:

S#1 FL ;LPsftrdentificatﬁonf#;*ﬁfﬂ ;JStatus'xegister 1

g

l: Switch pre‘Séd 04 Sw1tch not pressed
l: Light detected 01 Light not detected

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

MSB 7 -6 5 4 3 2 1 0 LSB

S#3 ‘X7 ;xﬁ iXS ;X4 §X3 iXZ';Xl‘:XO ' Column register low
Sh4 1 j 1 i N 1‘: 1 |x8 | column register high
S#5 Y7 |Y6 ;YS va |v3 [v2 |2 ;YO | Row register low

S#6 ERENERER BN RNt v8 | Row register high

L—— This bit shows the FIELD
number when read.

in
are

0: 1st field 1l: 2nd field

NeJ
NeJ
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Flowchart of using light pen to detect coordinates

( LIGHT PEN )
- I

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

‘rFlash-Detect‘

[Read status register #1]

—Flash deteéiéd?;r

No (FL=0)

Yes(FL=1)

tRead status register #éj;v‘
S — ‘

[Read status register #4]
Bid-C

| Read status register #6]|

T ...
I Read status register #5| -

1066
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2. Mouse

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

you cannot use the MSX-VIDEO 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 0 LSB

R#8 MS |LP |TP |CB iVR_' 0 |SPD|BW | Mode register 2

L—- 0 Light pen disable
- 1 Mouse enable

When bit 7 eof register R#8 is set to 1, the direction of the Cofor Bus
is automatically changed to input '

You may know if the mouse button has ‘been sw1tched ON and OFF by

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

MSB 7 6 5 4 3 2 1 0 LSB

s#1 IFL TiPSE—I&enti 1Cation * -~

F&‘ﬁ'étaﬁus register 1

i
[

1 Sw1tch 1 precsed 0: Switch I not. pressea
———————— 1: Switch 2 precsed 0:. Switch 2 not pressed

‘The relatlve coordlnatec of the mouse 's mOVement aié’ set as two's
‘complement  data in status registers s#3 and S#S._ ‘ ‘

MSB 7 6 5 4 3 2 1 0 LSB

S43 1x7 |x6 [x5 |x4 |x3 |x2 |x1 |X0 | Column register low

H

L

s#5  |v7 |ve |ys |xa |¥3 {¥2 |¥1 |¥0]| Row register low

When 3 or 5 is set in register R#15, the'mouée count is not_done.

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

Two graphics ‘screen pages may be alternately dlsplayed (in GRAPHIC_'4
to GRAPHIC 7 modes) automatlcally. '

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

GRAPHIC 4 and : _ GRAPHIC 6 and

GRAPHIC 5 modes - GRAPHIC 7 modes
 PAGE 0 | R
1 :l PAGE 0
| PAGE 1 , —
| PAGE 2 | | |
e :I | PAGE1 |
. feees (-4 P

1.1 How to use register R#l3

A display time period of between 166 ms and 2053 ‘ms may be specified
for each pagé. : : ‘f; :

-— Specify the odd page in the pattern name table base address

(register R#2) .

]

- Specify the ON time (the interval in which the even page is

~displayed) ‘and the OFF tlme (the- 1nterva1 in wh1ch the odd page 1sv ;

Gisplayed) in register R#13.

* For the values used in the timings, refer to the‘cha;trin;the
section on TEXT 2 MODE. : : ‘ . :

MSB 7 6 5 4 37 2 1 0 LSB

R#13 on3|on2 [on1 |ono [oF3 |oF2 |oF1 [OF0| Blinking Period register

. ON time ~ OFF time

d
D
[\
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1.2 How to use the EO bit

The EO bit, bit 2 of register R#9, is used to alternately:

two graphlcs screen pages at 60 Hz.

- Set the odd page in the Pattern Name ‘Table Base Addrecs‘

(register R#2).
- Set bit 2 of register R#9 to 1.

MSB 7 6 5 4 -3 2 1 00 LSB

R%9 | ‘ | I EO Mode register 3

2. 1Interlace display

The MSX~-VIDEO has an interlaCe'display'function.

2.1 Displaying the first and'second—fieLds on the same page

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

2.2 Displaying the even page in the flrst f1e1d and the odd page in

the second field

- Set the IL bit, bit 3 of register R#9, to 1.
. Set the EO b1t, b1t 2 of reglster R#9, to 1.

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

display - the
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3. External Synchronization

3.1

The GENLOCK method detects
output

GENLOCK method

the

it back to the system clock.

3.2

The S1 and S0 bits, bits 4 and 5 of register R#9, are used to set

MSX-VIDEO

phase

differnce
signal of the MSX-VIDEO and an .external HSYNC 51gna1 and feeds

between - the HSYNC

CSYNC OUT |

CSYNC ouT

V-RESET IN

HSYNC OUT
I-RESET IN

Xtal 1 |
Xtal 2

Do

PHASE
DETECTOR

LPF.VCO -

Choosing the synchronization mode

synchronlzatlon mode of the MSX-VIDEO.

VSYNC IN

HSYNCIN

the

MSB 7 6 5 4 3 .2 1 .0  "LSB
R#9 S1 |so ’ “'Modévregistefrﬁ
Sl |Is0 Sync mode *Ys Purpose
0 0 PC SYNC Selects Normal Display the MSX-VIDEO
MSX-VIDEO (0) screen
0 1 STD SYNC Appears for transparent Superimpose, digitize,
: parts etc. .
1 0 STD SYNC .| Selects external Display external screen
signal (1)
1 1 - - --

[}
[en]
£
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4. Superimpose

The MSX-VIDEO can orlglnate a switch signal (*Ys) for- superlmp051ng an
external video 31gnal and the output of the MSX-VIDEO. ,

- The synchronlzatlon of the MSX-VIDEO must be adjusted to the 31gna1
to be superimposed.

= To input'an‘interlaced'video Si@nal, the MSX-VIDEO may also be set -
up for an interlace display. : : S R o

Output :
R G B
MSX-VIDEO ' I' I"J -
' R : R
G , G External R(xB Input
B 0SW 1 ‘_;T‘_’*B
Ysi
VIDEO 0SW 1 |« External Video Input
!

_ Video Output .

*¥s selects the external video‘signal when- scanning the ' transparent
portion of the MSX-VIDEO screen. o

o
(en]
n
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5. Digitize function

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

into the VRAM.

- The digitize function is‘ava‘ilab'le in GRAPHIC 4 to GRAPHIC 7 modes
only. .

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

Digitize Block Diagram (GRAPHIC 7 mode)

MSX-VIDEO 4bit A/D
gg ‘ gg Green Anal?g input
C5 D1
C4 DO
Cale— - — .
C2}= i - J ]
C1} ‘ D3 l .
col D2 Red Analog input
CBDIR DI .
‘ L = s § ° R |
f DLCEK{— [ | | ——
; BRRR 4
: EERE D3 o ‘ .
N D2 gE ‘IA R Blue Analog input
— D1 g
1l — D0 |
\ Lo 7 : .
CLOCK .

Digitize Block Diagram (GRAPHIC 4 mode)

MSX-VIDEO
Ci—
C6—
S - 4bit A/D
C4f—
C3 — D3 : Video Analog input
C2 D2
Cl1 D1
Co DO .
OE f
CBDIR
LCLK
DLCL CLOCK

m
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MSX-VIDEO AD
CTE=. s B VIDEG input
Co|— D2 D npu
C5— L —p1
Gf ercd .
c3 r
c2} _D°_'
Cl1} ] Sy
OE CK D3
T | b2 . =
o 3 g .—j‘Dl §
‘ b P =R
DLCLK} =
f :
4
107

Digitize Block Diagram (GRAPHIC 6 mode)

MSX-VIDEO

LATCH

Cil+

C6

Cs

D3

D2

C4

D1

C3f

Cc2
C1

co

CBDIR}

D0

'A/D

VIDEO input

OE cx‘l

D2

- D1

DLCLK |

Py

: ISR

Digitize Block Diagram (GRAPHIC 5 mode) .
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— Digitize control

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

DG from CPU ___;_____I—_—f_fjm L L |

VSYNC 1 | L1 N 1

Digitize : \}| 'W A;lr;”;f " : ]‘. ) I

- Successive reads into the first and second fields

DG from CPU _ f |

E. -0 E .0 E 0O E
VSYNC | 1 1 g l L1
FLAME N 1 1 | |
Digitize - [ Bven I 0aa L.

page- page .
- Bit mask of the color bus

The color bus maytbe a masked ﬁsing‘a register R#7. When a bit of R#7
is set to zero, the input value of the corresponding bit on the color
bus is set to zero. . o A ‘

MSB 7 6 5 4 3 2 1 0 LSB

RE7 M7 M6 |ms |ma |M3 |m2 [mM1 {mo

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

C7 C6 C5 C4 C3 C2 C1 Co
GRAPHIC 4 MODE - - - - M3 M2 M1 MO
GRAPHIC 5 MODE - - - - M3 M2 M1 MO
GRAPHIC 6 MODE M3 M2 M1 MO M3 M2 M1 MO
GRAPHIC 7 MODE . M7 M6 M5 M4 M3 M2 M1 MO

-
(@)
@
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6.

The color bus of the MSX-VIDEO is controlled by the -MS,
bits.

6.1

Color bus

Normal display

i k] - 5 -
: 5 {MS'| DG | CB |
E Look up table —R -

' | & F—G 01 0 0

H D/A CONVERTER }|———p

1 . A

] 3 +

: } :

!  MOUSE L 1 . ,

E I I%%Slg ; i External palette register
| "+ D/A converter, ete.

E ‘:

] ]

= | !

; [ - VRAM s

: |

; T

(] 'S [
R

Mouse

fmmmmmmmm e mmmmm e m e ey . L

; ; MS [ DG | CB |-
! Look up table IR = - -
: & G 1 X | X
! D/A CONVERTER }——+B

i o i

] ! [

! |MOUSE : .

' | LOGIC = - . Mouse

‘ ! : . -

3 :

' !

: ; VRAM

)

! |

‘ }

! :

|t
)
\O

o DG, and
The bits and the data flow will be illustrated below.

CB
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6.3 Displaying external sienals

: E—— TSI
H Look up table [—*R ,.
! & LG 0| o | 1
' D/A CONVERTER — B
| ) 1
a i s
i |MOUSE 4 .
1 | LOGIC = A/D converter, etc.
: :
i P o—————
i — VRAM |
1 ! ‘
: i
Digitize
.................................. - I —
— MS | DG | CB
Look up table R — —
& G 0 1 X
B
3
MOUSE
LOGIC| -

CB.

= A/Dbconverter, etc.

D/A CONVERTER r—_’s
1
!
|
1
|
1
1
i
1
1
1

VRAM

|-t
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1. MSX-VIDEO
1-1 Overview

V9938 (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 TMS9918A. .

1-2. Features
- '5v 51ngle power
- = Output of both Linear RGB and Comp051te Vldeo 51gnals
- 512 colors p®s51ble with *built=in color palette
- Maximum 512 x 424 pixels, 16 ¢olors’
- Bit-mapped graphics
- 256 simultaneously-displayed colors
- Supports 16K- to 128K-byte video memory
- May be used with 16K x 1 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 sprltes per horizontal line
- Different color for each horizontal line of the sprlte
- Area move, line, and search commands
- Logical operation function
- Addresses may be specified by coordinates
- External synchronization possible
- Superimpose possible
- Digitization possible
- Multi-MSX-VIDEO architecture possible
— External color palette by using color bus

Note: 1In this manual, negative logic will be indicated by an asterisk
preceding the signal names.

[o]
(]
()



PART 2

MSX- VIDEO DATA PROCESSOR




(o)
(=]
N

. DATA

CLT

INTERFACE

TIMING |

CONTROL |

'INTERNAL DATA BUS

> V RAM

> INTERFACE
— VIDEO CPU~ -~~~ | "
; LR MOUSE
- TMG N &
l _LIGHT PEN
o _ INTERNAL COLOR BUS l
L f- T
N : ; COLOR
‘ COLOR ' COLOR P : §
B e I L ; BUS 1O
PALETTE ENCODER “SPRITE: - N
e l -~ CONTROL CONTROL
] b a-c "DAC ’ :
G R B VIDEO {
(LINEAR) (COMP.)

R/W
DATA

. MOUSE

LIGHT PEN

weIbeTp ¥00Td OFAIA-XSHW

3I99YS ejed OIAIA-XSW 8E66A




CpPU

'_4.1
(o]
W

21.47727MHz

—0O
XTAL1 XTAL2
TR —d Ho—————T5W
5 I o—————| TSR
®D ] ; CSR
Decoder :
Al Mode 1
JANL I
Ao—Ar 1 Mode 07
Do=D7 <% CDo- 7
CPUCLK=— ; p S— Tgu(
T — INT
RESET RESET

R/W —— T
—WE

RAS v h

CAsoF {¢€as : A pff
CASI[] g J .
Abﬂ—? ]I ; ol
RDO-7 H- ; T

B A DL

RAS| - H

CAS P

VRAM 128K byte - \
Example: using 64K bit- DRAM
(D in and D out'are connected.)

- .- The dotted boxes show circuits

which are the same as the cireuit below.

G
R

B

CSYNC

to TV SET

o Tdwexa 3TNOITO OHATA-XSK

399YS e3ed OFAIA-XSH 8E66A



V9938 MSX~VIDEO Data Sheet

2. Pin assignments and functions

Pin

‘Pin 

name ' no. | I/0 | Function
CDO LSB 40 | 1/0 | - CPU data bus o
CD1 39 { /0 } T\
CD2 38 I/0 : ; l ,
CD3 37 | 1/0 w2 & | at
Cp4 36 | 1/0 MR | & | o
A IHEE L
cp7 msB | 32 | T/0 [= e | 8 A
MODE O 291 T ,j* CPU. 1nterface mode B |w § :ﬂg'
MODE 1 28 |1 | - select - o% | 5| M4
*CSR 31 | T | ‘CPU-MSX-VIDEO read strobe &1 2| M3
,fCSW . 30 I | CPU-MSX-VIDEO write strobe oA 1s 50 [ a1 -
RDO LSB - 41 | 1/0°| - VRAM data bus - O o
RD1 42 | 1/0 ‘ S oocrfs a | we
RD2 43 1/0 o %ﬁ £ i
RD3 44 | 1/0 r""‘ﬁg % %% EE%
D 178 d |3 e
RD6 47 /0| " | % % | a2
RD7 MSB 48 | 1/0 [ - v | noe 1 | 28 | @3
ADO LSB 49 '}~ 0 -}~ VRAM address bus nes 1 B Xlrat
AD3 52 | o0
AD4 S 53 o
aD5 54 |“ 0" B
AD6 551 0
AD7 MSB 56 0 - ' 3 _
t *RAS 62 0 VRAM row address strobe o )
*CASO 61 O | VRAM-‘column address strobe 0 :(VRAM first half)
*CASl 60 | 0| VRAM ‘column address strobe 1 (VRAM second half)
*CASX 59 o) VRAM column address strobée X (Expansipn VRAM[
R/ *W 57 O ‘| VRAM write s%robe; ‘ el ) :
*VDS 4 o] VRAM data select
*VDS = Low: Access to ‘'VRAM is for dxsplay data
*VDS = ngh Access to VRAM is for
) . “other than the above
VIDEO 211 O Comp051te video signal output
G 22 0 - Linear RGB signal output
R 23 0]
B 24 0] -
*YS 10 0 Signal to switch between MSX-VIDEO RGB output and
external video signal (When superimposing)
*YS = High: MSX-VIDEO output transparent
*YS = Low: MSX-VIDEO output opaque
BLEO 7 (o] Tri-level output (Open drain);

primary/secondary field and blanking interval

High: Secondary field, active
Middle: First field, active
Low: ‘'Blanking interval
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HSYNC

CSYNC

| €BDR

co LSB g

c1
c2
€3
c4
c5
€6

C7.MSB

*LPS

*LPD |

*DHCLK

*DLCLK

XTAL 1

XTAL 2
CPUCLK
*INT

*RESET
vee

GND
GND DAC
VBB

11

19|
18

17
16

15
14

13 |

12

27

63
64

58

20
33 |

R

I/0

I/0

1/0
{ 1/0 .
1 170
| 1/0
1 1/0
- 1/0
I/0
1 1/0

1/0

[}

1C>bl4

OHHMHH

Tri-level logic;
upper levels (high to mlddle) for output,
lower levels (middle to low) for input

High: Non-HSYNC, color burst period
Middle: HSYNC or non-color burst perlod
Low: HSYNC input

Tri-level logic; » ‘

High: Composite SYNC output

Low: VSYNC input

Color bus direction

High: Input

Low: Output

- Color bus

Usually the color code is output,.
during digitize,. this bus is used as
the input port. . The high-order bits .
are for mouse 1nput when u51ng the
. mouse. . : ;
' ca =’XA : C5
- C6 =Ya  C7

YXBIA\\
YB .-

nfu

| Light pen or mouse SW input

Low: SW on
High: SW off
Light pen detection input or mouse SW input
Low: Light detected or SW on
High: Any other condition ; :
Dot clock output. for high: resolutlon,‘
10.74 MHz open drain o
Dot clock output for low resolutlon- :
5.37 MHz open drain g
Input may also be done the mode reglster.
This is used for a multi-MSX-VIDEO system.

Connect to XTAL or use for connectlon of an
external oscillator .

Outputs 1/6 of XTAL frequency
CPU . 1nterrupt output,.open dfaln output

: Low. 1nterrupt

In1t1a11ze a¢l~MSX-VLDEO C1rcu1ts
5V power supply , ‘
Ground, OV = .

"Gmound oV

Back blas (No connectlon)
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3. Electrical characteristics and timing chart"

3-1 Absolute maximum ratings

Symbol fParametef‘ o “‘ 7 ;Reting_ ) "Unitf
vee $Supp1y voltage * I -0.5 to.+7.0 { ' V {
Vin ], Input veltage -0.5 to +7.0 -V
Ts . | Storage temperature © =50 to +125 | T |
To | Operating temperature | 0 to + 70 x

H

3-2 vReqommended operating conditions

Symbol Parametef ' | Min. | Typ. | Mai;,w‘Uniq ;
VCC « i Supply veltage c 1 4.75 |+5.00 | 525 | v
Vss . | Supply veltage . . o0 1 v
Ta = ‘| Ambient temperature- [VERERE 1 70 T |
VIL 1 Low-level input ' A IR S ; .
; voltage (group o -0.3 e 0.8 v

VIL 2~ | Low=level input - R o R

voltage (group 2) -0.3 0.8 \Y,
VIL 3 External clock low-level

input voltage (group 3) -0.3 0.8 v
VIH 1 ' High-level input ’ D |

voltage (group 1) 2.2 ‘VCC v
VIH 2 High-level input e e 5 RN ST ,

voltage (group 2)- : 2.2 . vCe v
VIH 3 External clock- hlgh—level ) 1 '

input voltage (group 3) | 3.5 R VCC \Y

Notes. - TTET T

Group 1: *CSR, RDO to RD7 CO to C7, *LPS, *LPD, *RESET, *DLCLK
Group 2: ¢p0 to CD7, MODE 0; MODE 1, *Csw o o

Group 3: XTAL 1, XTAL 2 '

The video signals are listed separately

Versions A and B of thé MSX-VIDEO differ in the follow1ng 1tems.

Symbol | Parameter . Min. | Typ. | Max. Unit
VIL 2 Low-level -input - - R | : B |
' voltage (group 2) } —0.3 - 0.6 | V.
VIL 3 | External clock low-level o R
input voltage (group 3) -0.3 0.3 v
116
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3-3 Electrical characteristics under -recommended operating conditions

External input clock timing

No. ] Symbol Parémetet‘ S | min. Typ.ﬁ ‘dMax,,“fUnit

£XTAL XTAL clock frequency - 1:20.26 21.48 | 22.55 | MHz
TXWH XTAL clock high-level [ T ST '
pulse width . I LR R R . ns
TXWL XTAL clock low—level_ T S S TR
pulse width .5 1. B }. ns ..
TXR XTAL clock rise time : 10 ns
TXF XTAL clock fall time 10 ns
TXD21 XTAL clock delay . TN EERE . i ‘
time 2 — 1 0 | | ns
TXD12 | XTAL clock delay T '
A time 1 — 2 v 0 . }
8 | T1xp | *DLCLK {input) - I . U W R
: XTAL clock - delay t1me 20 | . 4+ 50....1 ‘ns
9 1 Wl XTALl pulse width 12 TN EEEITY
10 ™2 XTAL2 pulse width . 20 4 e oo
11 TPD | XTAL1-XTAL2 relatlve : 1 - : Coe e
4~——~;——f—a—féf‘delay time : 5 .|} 24 ns

AL w N =

~

. R S S\

o 0‘§V v

[
o bk N ‘3 — N3V
XTAL2 _ Jl - 'U:} : A r .;‘qu

- ' [ ) ' - KR Pl : " '
. T T e e, b g5
BICIR SN 35V
(Input) ) — - - 0.8V

s - S o
,/ \! ! i / \ o
: ' ' e 9 OV
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*RESET Input timing

No. | Syﬁbel“' Parameter ”; Min. Typ. -| = Max. _Unit
1 VTRESET ‘*RESET low-level | m
| A ‘pulse- w1dth 10 | - o s ¢
RESET —————_ f f
DCjcharacterittics v ‘wd AU
Syhbai : Parameter i Condition ",eMih:;uMax. Unit
voL4 Low—ELeve;L outpub voltage' . L '
‘; (group 4) IOL = 1.6 mA . 0.4 | V-
VOLS Low-level output voltage -{ AR | | K :
- ! (group 5) - -} IOL = 1.6 mA | 1.0.4 ¢ VvV
VOL6 = | Low-level output voltage | TR | | 3
’ S | (gkoup.6) .. IOL = 10 mA . . 0.4 v
| VOL7 1 Low-level output voltage L , ‘
. ; (group 7} i I0L = 1.6 mA |} 0.4 v
| VOH4 | High-level output voltage | ... . | - o .
(group 4) IOH = 100 uA (2.4 \']
VOBS High-level output voltage ,
{group 5} IOH = 60 uhA 2.7 v
 ILI . Input leak current ‘ 10 ud
' ILO | Output leak current 1
! ! (floating) | 25 | uA
- ICC . Current consumption | 230 | mA |}
Notes: . .
Group 4: CDO to CD7, RDO to RD7, ADO tO AD7, *VDS, CBDR,
CPUCLK, CO0 to C7
Group 5: *RAS, *CAS0, *CASl, *CASX, R/*W
Group 6: *DLCLK, *DHCLK
Group 7: *INT
Input/output power capacities
Symbol Parameter Condition Min. Max. Unit
CIN Input power capacity VIN = 0 V 10 . pF
COuT Output power capacity VOUT = 0 V 10 pF

=]

et
0]
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External output clock timing

No. |Symbel |Parameter - = , Condition |Min. |Typ.:|Max. |Unit
8 |fDHCLK |*DHCLK frequency 110.13|10.74]11.28| MHz
9 |THWL |*DHCLK low-level o : SR B
. pulse width 20 ns
10 |THF *DHCLK fall time 25 ns
11 |£fDLCLK |*DLCLK frequency CL = 50 pF| 5.06] 5.37] 5.64| MHz
12 |TLOWL *DLCLK (output) low- P B
level pulse. width 60 ns
13 | TLOF "*DLCLK (output) : 1.
fall time : ; 15 ns
14 |THLOD *DHCLK-*DLCLK (output)
delay time ' -15 15 ns
15 |£fCPUCLK|CPUCLK frequency 3.37| 3.58] 3.76| MHz
16 |TCGWH CPUCLK high-level , ‘ : ;
‘ pulse width L = {110 e dn il s}
17 |TOWL CPUCLK low-level ’ 100 pF
B e - pulse width S B 1o - toas |
18 .|TCR = |CPUCLK rise time : ' 25 ] ns Y
19 JTCF = |CPUCLK fall time T L 125 ) ns |
20 |TLOHXD |*DLCLK (output) high- : |
! : XTAL delay time .~ |CL ='50 pF|[ 20| |50 | ns |
21 |TLOLXD |*DLCLK (output) low- - | ‘ , e | .
1 ~ XTAL delay time o AR 20 ) 550 -} ns |

Noée: The values shown for *DHCLK and #ﬁLCLK’assﬁme~thaﬁ?RL :'1 k ohm:

i
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~ DLCLK V4
~ (Qutput) ) .
' C

e i
[
T

External outpué clock timingﬁ "y

L
B
l
_ w@l 16
R Ao
i,
CPUCLK Q

$

120
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S VA
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CPU-MSX-Video Interface

No. |Symbol |Parameter Condition |Min. |Typ. |Max. |Unit
1 |TASR Address setup time
(related to *CSR) : e -0 ns
2 | TASW Address setup time T
(related to *CSW) S 30 | ns
3 | TaHW Address hold time o 50 ‘ 7 ns
4 | TDSW ‘Data setup time R | + 1 30 ns
5 | TDHW Data hold time ) 30 : ns
6 | TCSW | *CSW pulse width : . -} 186 700 j2000 ns
7 |TCSR | *CSR pulse width ] 186 700 |2000 | ns
8 | TRAC Data access time = | -} 100 | 150 | ns
9 |TPVX,A |Data invalid time .. . 300 pF|{ -0 .| ns
10 | TPVX Data disable time .= . ' 65 { 100 | ns
11 | TW1W *CSW pulse width ?
: high, 2nd-lst, I O D A
‘ | 1lst-2nd byte | _ -2 b us
12 | TW2W | *CSW pulse width hlgh, A 3
‘ 2nd-3rd, 3rd-3rd, . . ' 1
j  3rd-lst byte 8 ' us
113 | TS1RW *CSR-*CSW setup time, o .
lst=1st byte 2 | us
14 |Ts2rRW | *CSR-*CSW setup time, B B | -
" 3rd-lst byte / 8 us
15 | TS1WR *CSW-*CSR setup tlme, [ - R b
- 2nd-lst byte- - - r - 4 2 : | us
16 | TS2WR *CSW—*CSR setup t1me, ' 5 1
2nd-3trd byte 8 | - us
17 |TW1R *CSR pulse width high, |
1st-1st byte ‘ 2 | | us-
118 |TW2R *CSR pulse width : ‘
| high, 3rd-lst, 1 ; ' ,
3rd-3rd byte« - o o foooo e b8 i | us

W 6
W ‘\\
-2
[}

- el oy

| P
l :

>.<__J.

DATA

CPU-MSX-VIDEO write cycle interface

121
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. 7 -
: : (e F |
-
: ' : .
—_1— ‘ t
R I —it
MODE { ; 'xﬁ'
‘ ? i ! — =T N s
' : ! o
| Y [
g —— , g ke 10~
b 1
| (L ' | o

S . ol e - 8 e
DATA B : - “VALID  DATA ‘.‘4>< ‘ “)}-'

CBU-MSX-VIDEO read cycle interface

2
€

~

j—

4

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

MSX-VIDEO register read t;m;ﬁgsi\

' —12

Lk
CSwW '\ [ ;
! i . ‘
CSW :

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

'MSX-VIDEO register write timing

}_l
8]
N
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MSX-VIDEO-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 1
S |TDHC Read data hold time 0
6 |TRP '|**RAS precharge time 90
7 |TRAS | *RAS pulse width 130
8 |TRSH - *RAS hold time - 60
9 jTCas ' *CAS pulse width- 85
10 |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 50 |
14 |TRAH . |Row-address hold time ~ 12 |
15 |TCACD |Column address-*CAS
: delay time 0
16 |TCAH  Column address hold CL = -
time , 150 pF| 100 ns |
17 |TCAR ' Column ‘address hold Lo '
, . time (for *RAS) 130
18 |TRCD 'Read command-*CAS :
' delay time 30
19 | TRCH 'Read command ‘
. " hold time 30
20 |TWCH Write command
hold time 70
21 |TWRH Write command hold
, time (for *RAS) - 150 |
22 |'MP - |Write- c0mmand pulse )
width 120 -
23 |TRWL Write command-*RAS
read width - 150
24 |TCOWL 'Write command-*CAS
: read width 120 |
25 |TDCD -|Write data—*CAS delay ]
- 1 time -- 0
26, | TDH Write data ﬁold time 50
27 |TDHR Write data hold time
' (for *RAS) 110
28 |TWCD Write command-*CAS
B | '~ delay time~ 30
29 |TCP  *CAS predharge time
| (page mode cycle) 70

Note:' The abeve:specifications apply to version € of the V9938.
The following items apply to Versions A and B.

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

[}

[\

w

To. dlstingu1sh
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; , Version
No. | - Symbol Parameter
14 TRAH | Row address hold time: 10 10
15 TCACD Column address—*CAS delay tlme -5 0
26 TDH Write data hold time 30 30
27 TDHR Write data hold t1me (for *RAS) 70 70
— TRSH* *RAS hold time during read only 15 No rating
— TRAS* | *RAS width during *RAS refresh-only 60 No rating
E— - ’l“ -t L AJ!
(N R !
RAS \{7 ' v 47?* N\
N\t PSR, : R - Y . '\
: l\ L ] !
1 Lyp— ! ' o
11— i 13 -
| \ | :
| 1 T
il ' I
‘ :‘ :
ADO-7 ;
T
b
[}
L
R/W T
-
RDO-7

Valid 1 ata

&

f,VRAMfwfite>CYC;ef(eafly write)
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I |

CASO.IX

XXX

'\/
A

Q0

\/

X

Column

1
— -
!
PR |
' X
- T
A
=18+
1

Row

|
€]

ADO-7

R/W

B e

| Valid Data ')

Open

RDO-7

VRAM read cycl e

a!- i N, ‘u %..H.w _
I

RAS
CAS0,1,X

e
‘I
l 1
1 H
A i
| |
! '
1
! (|
d
1

" ADO-7

R/W.

-

e

1

Valid I)atanp

Open

RD0O-7

VRAM page mode cycle

125




V9938 MSX-<VIDEO Data Sheet

Comp051te video 51gna1 output level.

Versions A and B

Symbol . |Parameter ‘lcondition |[Min. |Typ. |Max. |Unit
VWHITE |White level output veltage . 2.20 |2.55 [2.90 | V
VWHITE [White level output voltage R Y R
(B/W) .| + (using Black & white) - 2.30 ]2.65 |3.00 | V
VBLACK ‘' [Black level output voltage. 2.00. |2.30 [2.70 | V
VSYNC [Sync level output voltage RL = 1.90 j2.20 ]2« 60 \Y
VCB . - |Color burst. pulse width 470 ohms|0.14 |0.19 [0.24 | V
VP-P Eleetric potential . N TR :
| difference between A o L .
white and sync levels 0.24 j0.35 {0.44 \Y
VP-P Electric potential
(B/W) difference between
white and sync levels . N N BT
(using black & white) 10.34 ,0.45 10.54 | V
Note: - The- typlcal values 1lsted in the above table assume that -
VCC-= 5.00 Vv and TA = 25 TC. - -
Vet sjon.C:
Symbol |Parameter {Condition {Min. |Typ. |[Max. ‘Ugit%
VWHITE |White level output voltage 12.20 }2.60-13.00 | V
VWHITE {White level output voltage PR IR | .
(B/W) - (esing Black & white) 2.50 |2.80 [3.20 | V
VBLACK ‘Black level output voltage | . 11.80 [2.20 [2.50 | v
VSXNC |Syne level output voltage. RL = 1.60 }2.00 |2.30 | V
VCB Color burst, pulse;width. ! 470 ohms|0.16.[0.22 [0.28 | V
VP-P Electric potent1a1 - { ’ B ‘
S difference between ] . N . i
; ‘white and sync levels: ) 0.40 |0.60 [0.75 | V
VP-P {Electric potential ; C
(B/W) differencé between . .
: | white and sync levels - . 1 PO .
| . (using black & white), 0.60 |0,80 [0.95 | v
Note: The typical values listed in the above table assume that
VCC = 5.00 V and TA = 25 °C.
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RGB output level

Symbol |Parameter Condition |Min. |Typ. |[Max. |Unit]
VRGB 7 |RGB makimum'output Voltage J|RL = : o
; o ‘ 470 ohms|2.5 2.8 3.2 v
| VRGB 0 [RGB minimum output voltage |RL = ' o ]
. 1 (Black level) . 470 ohms{l.7 |2.0 2.4 v
VP-P RGB electrical potential JRL = ' :
‘ " difference VRGB7-VRGBO 470 ohms|0.65" 0;8“*1 00 v
DRGB = |RGB electrical potential RL = "7 “} R =
dlfference P—P 470 ohms]| 5. 0 %
Note: The typical values llsted in the above table assume" that
VCC = 5.00 V and TA =25 °C. o
Synchronizevsignaltoutput level
| Symbol Parameter '7Condlt10n Mih; ‘Typ. {Max. fUnit{
| VILVH 1 Tri-level output hlgh— RL = ; -
level BLEO 1 k ohm| 4.5 vCc v
VTLVM 1 Tri-level output RL = i :
‘ intermediate level BLEO| -1 k ohm| 2.5 3.5 |+ v
VILVL 1 | Tri-level output low- RL =
: Yevel BLEO 1 1 k ohm| ~ 1 0.4 Vv
| VTLVH 2 | Tri-level output high—‘ (i -
| level HSYNC, CSYNC [ No load | 4.5 | vee { v
| VILVM 2 | Tri-level output B S I
1 | intermediate level DR ] o
: | “msyNc, csync No load 2.7 { 3.7.| Vv |
VTLVL 2 | Tri-level output low-_ o o .
. S ‘levél HSYNC, CSYNC, ! No load = 0.8 V-
VYH *Ys output high Yevel  |IOoH = = | - ~ :
, f ' 100 uA{-2.4 v
VYL *Ys output low level {IOH = I ‘ «
~ L o ! 1.6 mAj 1 0.4 1 v
ITLVH High-level input current (VI =  —F— . -
- HSYNC, CSYNC . 0.4 v } “1-4.0 | mA-
ITLVL ~ Intermediate level input |VI = ’ K 0}
’ - current HSYNC, CSYNC © 0.4V | -2.0 | mA

(%)

[N

~J
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Composite video signal

gNo, Symbol"Parameter '§( :‘ ~ |condition |Min. vap, Max. |Unit

TECV 1 |HSYNC fall time ; - . 4. |110. | ns
TWHS  |HSYNC pulse width R | 4.501 . - | 4.70| us
|TrCV 1 |HSYNC rise ‘time ' e L , 90 - ns
THS-CB |HSYNC color burst delay | . ‘ 1 : ‘
time : 1 .. ] 0.40f . {70.60| us
TWECB . |Color burst width © |RL = 2.60{(. . 3 30' us
TCB-IB |Color burst-left border,: . 470 . ohms}. - -t H G
: delay time - ' : l1.10} - 1 50 us
TICV 2 -|VBLACK-VWHITE rise time | T J90 .| ns
TwLB = |Left border width . - CL = 2. 4"g 1 2.7 us
| TECV 2 |VWHITE-VBLACK fall time | . 150 pF,‘ {100 |-ns
|TwAD  '|Active display area Lo |47 00 47,68,48 00| us
TwRB  |Right border width . - } ... . ] 2 50{: - ]i2.80} us
| TRB—HS |Right border-horizontal | I 1. : :

] synchronous del ay t1me Wt gl A‘l .20 S 1.80 ) us

VON AUl W |

TR
N O

‘ibgé. Items 8 and 11 are when Dlsplay Adjust. is .._

RGB signal

: JH e 3 — T o o ¥ b T 1 :
 No. |Symbel |Parameter iCondition Min. |Typ. [Max.. |Unit

113 |TrRGB |RGB signal rise time RL = o

| g . (VRGBO —> VRGB7) 470 ohms| 60 | ns
14 |TERGB- [RGB signal fall time CL = ‘ \ i
(VRGB7 —> VRGBO) 150 pF | ' 60 | ns

Note: Measurements are 10% to 90%.

VWHITE = === == —m = — === i

Composite
Video

VHLACK

b mmm e

4
]
]
VsyNe-4--
I

Y S S

1

]
ot
L

'l 2 3014 5 67 89 i o9

R, G. B




V9938 MSX-VIDEO Data Sheet

Synchronize signals

No. | Symbol|Parameter Condition|Min. |Typ. |Max. |Unit

1 |TESY 1|BLEO intermediate level- - ,
1 | low level fall time | 100 | ns
.2 |TrSY 1|BLEO low level—lntermediat%] v 1 . | S
' S level rise time B 140 | ns

3 |TrSY 2|BLEO low' level-high level ‘

B : rise time _ 220 | ns
4 TfSY 2|BLEO high level-low 1eve1 T cL = R

o fall: time - 50 pF ’ 110 | ns
5 TrSY 3| SYNC ihtermediate level- B
S "~ | high: level rise time 300 | ns

6 'TfSY“3;SYNC high level-intermediate ) B T
. 1 1 level fall time {1100 | ns |
-7 |TrST 4 SYNC low’ level—lntermedlate S IS o E §
: |, level rise time - 200 | ns |
8 |Tr8Y 5|SYNC low level- high level - o
= rise time 400 | ns_|
‘9 |Trsy 6|*YS low level-high level 1 SR B
: g . rise time 25 | ns
10 |TE£SY 6|*YS high level-low level | L

- fall tlme .25 | ns,

Note: BLEO is the value when RL = 1 k ohm.

Tlmes shown are 10 to 90%.f:w



V9938 MSX-VIDEO Data Sheet
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CSYNC
< CSYNC
¥
T
4.66,41§BC
HSYNC |
(SYNEnmode)

HSYNC - | LT

 First field

[
t
]
1
A
4

N

_466sec

Second fiel%(j ‘

4!
i
.
l“

2.42’,115@6

R

"

"

1]

1

]
2.42sec

(SYNC mode)
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Color bus
No.ﬂsymbol Parameter Condition|Min. |Typ. |Max. |Unit
1 |TDCBO *ﬁLCLK—dolor bus output CL = S g
o delay time . P 50 pF | 100 | ns
2 |THCBO |*DLCLK-color bus output CL'= = .
o -1 hold time - 50 pF | 20 ns
~ 3 |TSCBI |Color bus input setup time - 1 o ns
4 |THCBI |Color bus input hold time - 20 ns
| DITIR b !
P N1 :
-1 |‘. I
| 5 L
1 I : i 2
' ! 1 '
. ] pn N r .
Color Bus - - >< s 1 X )
(Onlnl’ut) / :, L f
o 1
¢ N
|‘3' :‘ :; 4

(Input)

Color Bus
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VDS
No. |Symbol | Parameter Condition |Min. |[Typ. |[Max. .{Unit
1 |TDVDSL| *DLCLK-*VDS low level ; , o KB 1 ;
] | delay time CL = 50 pF| 50 100 ns
2 |TDVDSH| *DLCLK-*VDS high level o o | S 1
- - delay time ‘ , 50 i 4 100 ns
| 3 |TsvDs *VDS setup time (for . e :
C *CASO. and *CASl) 20 - ns
4 |THVDS | *VDS hold time (for -
S *CASO0 and *CASl) 0 ns

CASO
(or CASY)_,

o

K

{

]
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4. External measurements of package

| 64 Pin shrink DIP

Note:There are twév
“types (LIDof section A.

H i -
AR
iy
[ b & P
S A 0~15
5r]

048‘?(!.1

Lead material: 42 alloy , o
. Lead eoating process:solder DIP-or Tin(Sn)plating -

e

The speecifications for this product are subject to change

Note:
without notlce as improvements are made. 1

5. Version identification

mﬂ V9938 YAMAHA

€ 1984 MICROSOFT o i -
c 198 7i4=— \ f

23028 54 I5 3

Ver';lon mdlcatlon A version: None -
B yersion:B
-C version:C

f B
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1. Refresh

The V9938 has a Dynamlc RAM (DRAM) auto-refresh functlon Wthh repeats
cycles every 4 ms for 256 addresses.

Special consideration must be given when using a 128 address-2 ms
cycle, as: the usage depends on whether the DRAMs used are 16K or 64K.

1. 16K DRAMs (VR = 0)

- When the row address and column addresses are seven bits, connect
‘pins AD1 to AD7 on the V9938 to DRAM address pins A0 to A6.

- When the row address'ls eight bits and the eolumn address is six

bits, connect pins ADl to AD6 on the V9938 to DRAM address pins Al

. to A6. . Alsc connect pin ADO to-pin A7. ‘When this . éonfiguration
-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 cennect pin AD6 to pin A7. hen this configuration
is used, only addresses A0 to A6 of the DRAM are refreshed.

1-1 V9938 Refresh Addreéskﬂutpﬁtv

The method of outputting. refresh addresses on the V9938 differs
depending on the mode being VR or display.

Con51der1ng the refresh address as (MSB) R7 R6 RS R4 R3 R2 Rl RO, 256
addresses are refreshed w1thin 4 ms. ‘

Refresh address output method

V9938 adderss|AD7 |AD6 |AD5 |AD4 [AD3 [AD2 [ADl [ADO |

VR = '0° IRs | re } 3| | R | R | R | RS
VR = '0', G6, G7 modes - | RO | R | R6 | RS | R4 | B3 | R2 | R1|

|vR = '0', non-66, G7 modes ‘| R7 | R6é | R5 | Ra | R3 | R2 | R1 | RO|

Maximum Refresh Cycle

1. 256 cycle refresh 4 ms
2. 128 cycle refresh
- Using addresses other than R7 1.25 ms
- Using addresses other than R6 1.9 ms
— Using addresses other than R5 2.2 ms
- Using addresses other than R4 2.5 ms (worst case)
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1-2 Example of V9938-DRAM address pin connection
and maximum refresh cycle
1. VR = '0"

- DRAM construction with 7-bit row and column addresses

Maximum
refresh cycle
DRAM addresses A6 A5 A4 A3 A2 Al AO
V9938 addresses (AD) | 7 | 6 | 5~QJ4»;’3,7'2 1 f-L 1.9 ms

- ’T

- DRAM construction w1th 8- b1t row address and 6 bit
column address : s - :

Maximum
refresh cycle

pofod ol
T S

DRAM addresses : A7E;§6 AS A A3 ‘Aﬁjpﬁl;fAO

V9938 addresses (AD) | 7| 6 | 5 -4 3 140 2.2 ms

@ap) | 0o} 65| &f3] 1 f7)1.9ms

.

Maximum
refresh cycle
G6/G7 Non-G6/G7

DRAM addresses Modes Modes

V9938 addresses (AD) | 2.5 ms 1.25 ms

(AD)‘  1.25 ms' 1.9 ms

(aD) |

1.9 ms 2.2 ms

Note: The 'maximum refreshzcycle 19 the value when the DRAM refresh
addresses are A6 to AOQ.
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2. Examples of VRAM Interface

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

V9938

5 Dewd o X OO L)
<<l <C e LT < (2= g [ ==y e
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- (16K x 4) x 2

Bt
w

reg

13,

[=p]

AS Cl

o OI
0
3

2-2 32K bytes - S e oy
- (16K x 4) x 4
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(64K x 1) x 8

2-3 64K bytes

LI
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- (64K x 4) x 2

2-4 128K bytes

- (64K x 4) x 4

i
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- (64K x 1) x 16 .

I o i 3
. - 3 R
= - v
T
= [ W - r
I — 3
]

T HE
- {. .
. ‘
| 2
3

o

‘oo |- = |¢n
7z

| 'El:a: -
3]

o

il B o

>
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3. Clock oscillation internal circuitry

Rl Approximately 1 k-ohms
R2 Approximately 500 k ohms
TR1 Depletion transistor
- TR2 Enhancement transistor

V9938
{
/ - — {1 XTAL2 (64)
Internal clock s
nternal cloc TRI ‘1 TR?2
\ .. Vee O—%r—\J—E :
\ RZ} I R r
-— et {1 XTALL(63)
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4.

Usage of unused pins

Output pins

All unused output pins may be left‘bpeh.

*DLCLK
HSYNC
CSYNC

C7 to CO
*L,PS
*L,PD
VBB

(3)
(5)
(6)
(12)
(26)

- (27)

(33)

Input or input/output pins

Pull up with a resistor
Open
Open .
to (19) 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
the following settings of bits SO and Sl in register. #9.

according to

s | cyele

mode |

~_HSYNC

mode -

pHiéhTieQel

. Low'léﬁéi

e

0 0 | 0

' PC only

‘Burst flag

H counter
reset input

Low

fXTAL/1368

'Mixed

| msync

I "B counter
Mﬁ“reseg;input,

| High/ 
} Low .}

fXTAL/1365

Ext.

'Video

Hgyﬁd"

| H counter

| High-

1

fXTAL/1365

| reset input |
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6. Cycle input
HSYNC input

When the V counter is set to 6, input from HSYNC is received, and the
H counter. is reset on the edge of the transition from High --> Low.

When the HSYNC Géte‘signal is Low, in other words, the V“counter is
set to a number other than 6, input signals to the HSYNC input are
ignored. ‘ - : _ S

H ‘ S 338 _'f.’
3 : 231 0 231
Counter RS T :i:, "
aea = . . 5 . . i 1 . . ] .
i . | i
R R . HSYNE- : i : ‘ -
i ) " Gate . ; }L—
I : L ! :
NSYNC r { .
(Out) H l l i
1
; o
V Counter 5 X 6 x

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 Vv
counter is reset. Simultaneously, the first field is selected. '

Sampling Clock 1(}DLCL'K
! ]
¢ 1
| |
. ! l:
V keset 1 ——I E j 4[——
After J l—

Sampling

b - e ——

\" Reset |
Pulse

Ve x X 0
 Field x X st
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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
| S1, SO (R#¥9) 1,21 o 1,2 0
 Display cycle 1024 | 1024 960 | 960
Right border 57 | 59 gs | 87|
Right erase time 26 | 27 26 27
Synchronize signal 100 100 100 -100
Left erase time - 102 | 102 102 102
Left. border 56 56 92 | 92|
Total 1365 | 1368 | 1365 | 1368
Note: The above table shows the rélationship between the RGB signal

and HSYNC when the Display Adjust Register (Register Number
18) is set to 0. o S .

RGB |

Display time

|umuwul

| Right border}
¢

Hsvxe

Right erase time

Left erase time

Syhchrorﬁze signaln

7-2 Vertical display parameters (NTSC)

Unit: Lines
Lines 192 lines 212 lines
LN=20 LN =1
Interlace Interlace
Field Field
Non- Non-

| Interlace| 1st | 2nd

|Interlace| 1st 2nd |

Synchronize signal
Top erase time
Top border

Display time
Bottom border
Bottom erase time

3 3 3
13 13 | 13.5
26 26 26

192 192 192
25 25.51 25
3 3 3

3 3 3
13 13 13.5
16 16 16

212 212 212
15 15.5| 15
3 3 3

 Total

262 262.51262.5

146
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7-3. Vertical display parameters (PAL).
Unit: Lines
Lines 192 lines 212 lines -
- LN =0 LN =1
Inte:lace‘. Interlace
; Field Field
|. Non- pP——————  Non-
Interlace| 1lst [ .2nd Interlace| 1st | 2nd
Synchronize signal 3 3 -3 3 3 3 |-
Top erase time 13 13 13.5 13 13 | 13.5
Top border 53 53 | 53 43 43 43
Display time 192 192 192 212 212 212
Bottom border ‘ 49 . 48.5] 48 39  38.5] 38
Bottom- erase -time 3 3 3 3 3 | 3
Total 313 [312.5(312.5 | 313 " |312.5(312.5)

Note:.:-

to 0.

[

-when the Displ

o

RGB

Bottom bord,er1

1
'
! \
—!
1

=

0
|
1

Top border l Display time
— ray i
[}
]

!

VSYNC

Top erase time

. Synchronize signal

147
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Bottom erase time

The above table shows the relationship between RGB -and VSYNC
ay Adjust Register (Register Number 18) is set
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8. Color palette

Color
{code

MEHUAE>OONAU A WNHO

NUNBOAOWHOAHWHNONOO | @

QUAHAANNNDUNHFWHOO | W

NUUHRHWHNHENNWHOO | W

' The color palette is set as shown in the
table when a RESET is done. This table has

no meaning in G7 mode  since the color
palette is not used. ' :

In addition, since there are only four
colors available in G5 mode, values from 4
to F have no meaning.

In this table, 0. means that the GRB

. intensity is 0, and 7 means that the GRB
intensity is set to maximum.
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9. Composite video color burst

The phase of the color brust is set according to the. contents of
register numbers 20, 21, and 22. These registers are 1n1t1allzed on
the transition between Low --> High of the *Reset. signal.

Register | Value upon
number initialization
20 - &m 00

21 "~ &H 3B

22 &H 05

0

In addition, when the values of all of the above reglsters are set to
00, the color burst effect may be removed.

‘Note: Do not set values other than those listed above 1n reglsters 20
to 22. ”

149




V9938 MSX-VIDEO Appendix

10. Color bus

Color bus
Mode
g 7 6 | s 4 3 | 2 | 2 0
Text I, II , | . , | .
Mul ticolor X X X x | cc3 | cc2 | cc1 | cco
Gl to G4 | |
1 <Even —> <« 0dd = |

G5 - X X X x | cc1 | cco | cc1 | cco

¢—— Even ——> | < —. 0dd —>
G6 S il ce3 | cc2 | cer | cco | ce3 | cc2 | cer | cco
G7 | cc7 | cc6 | ces | cca | ce3 | cc2 | cc1 | cco

The color bus is used as listed .above whether doing input or output.
For example, in G4 mode, the dlower. £dur bits (CCO to CC3) output the
‘color code. These bits must be et before the signals are placed on
the color  bus. In this case, &he 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. 3 S '

When using high resolution mbdeSVSQCh-és“GS Ahd'GG'modes, the even and
odd dots are handled together as in 0-1, 2-3, 4-5, etc. (This is the
same during input and output).
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11. Sprites in G5 mode

In the G5 mode, the static screen has a resolution of 512 -dots in the
horizontal direction. - 1In 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 displéy a sprite pattern as shown in Fig. 1, you must

create a sprite pattern generator table as shown in Fig. 2.

0 1 2 3 4 5 6 7

N N i . P

o1 - ’ A B

A B
1| plc b ]
2 |E FIE FIE F|E F|E F|E F|E F|E F
3 |c mis niG Ble =le nle Hlc H|c H
A 41 a1 5|
5 | re X | B
7| fo plo plo plo P h
V‘TFi§£‘1  Sprite p&ttéfﬁv' '»J~   i;’ S ;’
MSB LSB

3 1 1 1 1 1 1 1 1
4 0 0 0 1 1 0 0 0
5 0 0 0 1 1 0 0 0
6 0 0 0 1 1 0 0 0
7 0 0 1 1 1 1. 0 0

Fig. 2. Pattern generator table
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The colors of the sprites depend on the settings of the sprite color

table. The 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 wupper two-bit 'group is for the color of the even’
pixels, and the lower two-bit group is for the color of odd pixels..
If the bits are set individually for each two-bit group and the two
groups have different colors, the resolution for sprlte colors can be

considered -as' being 512 dots.

If the color table is written as shown in Flg. 3, the sprite pattern
will be as shown in Fig. 1.

. MSB ‘ LSB

0 A I B
- —

1 C I C
—

2 E | F
1

3 G | H
1

4 I I J
. 1

5 K | L
—t

6 M I N
L

7 0 | P

Fig. 3 Color table




