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EREFALE

The ¥8938 introduced in this mancal is a Very Large-5cale  Integrated
Circuit [(VLSI} rhat was developed as a Video Display Processcr (VOB
for the MSXZ. The MSX perscnal computer standard was introduced in
1583 by ASCII Corporation and Microseft Incorporated. At present, the
KSX id manuFactured and marketed worldwide. In 1%8%, out of cthe
desire to atrengthen some of the functions of the originai MSX, the
MSX2 etandard was developed, In addition to being sof tware~compatible
with the MSX, the M8X? supports new mediaz and has video processing
capabilities that ave not available on conventional 8-bit persenal
camputer s,

To make the MSK2 a reality, twe reguirements for the WVideo FProcessoy
wore upward comfatiblity With the existing THMS99Ll8A (the WwOF for the
M5X} software while increasing the number of functions. The V993E was
developed through the joint efforts of ASCIT Corporation, Microsoft
Incorporated, and YAMAHA.

The following functions are supported on the V9931E.

= Full bit-mapped mode

- 80-column text display

- Agcess uging X- and Y-coordinates. The levad of the /0
driver has been lightened. The i~Y cootdinates are
independent of the screen mode,

~ Pundamental commands implemented by hardware to decrease the
procegscing bime of the /70 driver: AREA MOWE, LINE, SEARCH,
RASTER CPERATION, etc,

- Digitize and external synchronizaticn

=~ Color palette (9 bits x 16 patterns}

- Linear RGB video oubput

- More sprites per hotlzonatal line

Becauge the V9938 has the above functions, it provides for superior
video capabilities thst make it prible for 1ts use in a variety of
appl tcations, including the MSXi. CAPTAIN terminals and NAPLES
terminals using the V3918 have already been developed. We hope that

Egeivggaa will be & standard video processing device on a worldwide
gls.

Thie manua} wag written so a5 to explain how to set the parameters of
the vVIRI8 and is a reference for developing applications and systems
software for k.

We are pleased that you have chosen to develop software for the Ww§§3a
and that you have referred to this manual for assistapcs,

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

HTT a5 well aE the other related manufacturers for their valuable
opinions which contributed to the development of the Y9938,

Augnst, 1985
AZCII Corporation
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VeFIE MEX-VIDED USER'S MANUAL

BASIC INPUT AND OUTPUT

1. Accessing the Control Registers

Thete are two ways to set data in the MEX-VIDED control registers (R#G
to Reddl, which we will dezcribe helow.

1.1 Direct access

Outpur the data and the reglster nusber in seguence to pork kl.,  Since
thie order is always used, be careful when you access the MSX-VIDED

for an interrupt routine.

M5B 7 L 13 4 3 2 1 4 LSB

port ¥1 Firet byte  |p7 |96 |ps Jo4 |p3 [p2 {p1 [po | para

second byte | | 0 Ins |me [m3 [R2 {m1 [ro ] meciscer »

1.3 Indirect access

Specify the register nuomber in control reqister R#LY (Control Register
Pointer).

Fizst set the register number in R417  tusing direct addrescingd hy

sending data to Port §#3.  When you zet the data in R#17, you can alec
zet its MSE LATl, the autcincrement bit} te control autoincrementing.
The data in R#17 cannot be changed by indirvect addressing.

If autoincrementing is prohibited, the wcontents of RELY will be
unchanged, and thus you do pot have to reset RELT.

wsn T [ 5 4 3 2 3 ¢ LEB

Regiater 117 thIl o {rs {ma |R3 |m {m |66 | mEcisTER #

I: Auto increment inhibit
0: Auto increment on

port #3 First byte |D7 {D6 {DS B4 D3 ]p2 iBl lEE_J DATA
Port #3 Second byte |07 |p6 [ps |4 [p3 {o2 [p1 [po | para

Port #3 nth byte ED? ID& |D5 |D4 Bi §D2 IDl [DB | DATK

Z. Accessing the Fallete Registers

To get data in the MSX-VIDEG palette registers (F#0 to PH13/9 bitl,
You must First set the palette register number in register BYIE (Color
palette address pointer) and subsequently cubtpet the two bytes of data
tin orderc! through port #2.
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Register ¥16 | o fo oo fe2[ct fco | pallete &

Port #2 First byte | 0 [R2 [m1 Jwo | 0 [s2 lal Teo | oata
e T

S S
Red data Blue data

Fort #2 Second myte| 0 | 0 0] 0 | 0 [e2 [or Joo | para
T

Green datza

3. Acgessing the Status Regicterc

Te read the siatus reglisters of the MSX-VIDED (S4#¢ to 5891, veou  nust
first set the register number in R415 (Status register pointer: and
rexd the data through Port #1.

‘mEp 7 & 5 ) i p 1 0 LER

Register #15 bolalalols[s2 s {80 ] stacs

T

b
L]
W
o
w
,.
m
-

|
Port ¥l Read data EE? IDG ]DS ID# C3 Jo2 IG1 joa LATA

4. BAcceszing the Video RAM

A Video RAM of 12EK bytes plus an expansiocn RAM of 64K bykes gan be
connected to the MEX-VIDEC, The memory maps for these cases are shown
in the map below.

Address counter

1¥FFFH
OPFEEH
aogoop
Video RAM Expansion RAM
(For display}) (For dats I/0 ragisters!

Accessing memory
To access memory, follow the procedure below.

1. @witch banks (VRAM to Expansion RAM)

2. Bet the address counter {Al6 ko Al4}

3. Set the address counter (A7 to A0}

4., BSet the address counter {AI3 te A8}, and specify read or write
5. PRead oy write the data
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1. Switching barks (VRAN to Expanslcn RAMN)

Since the conterts of RadS (Argurment recister) do not change esch time
that memory 5 accessed, it is nob necesssby to respecify bit 6 cof
register F#43 (which specifies banking: every time that you are tc  do
barking.

R 3 5 q E) 2 1 0 LEB

Pegister #43 E o EMHCIMKDEEKS{D[YIDEK{EQ EMAJJ Arogumént register

t: Ezxpansion RAN
0: WVidss RAR

2. Setring the address counter (ALB-~AL4)

Se¢t the high-order three pits (816 te Al4l of the addregss counter
using recister R#ld [VRAR docess base addéress register),

usg 7 & 3 4 3 2 1 G LSB

Register #14 E 0 E 0 E 0 1 a I 0 Ihl&]hlﬁlﬂlf} :ggfet:cfzziztzi

3. Betting the address counter (A7 to ADD

Set the low-order sight bitsz (AT to AN of the 3Jddress counter by
gutputting data to Port El.

s 7 6 5 4 3 2 1 0 im
pact 43 [a7 1as Tas [na [a3 Jr2 fa) [a0 | First vyte

4. Setting the address counter [AlZ tc AB) and specifying read or write

Set the remaining =ix bits {AlJ to M) of the address countet and
specify read or write by outputiing data to Port #i.

mse 7 [ 5 4 3 2 1 o LS8

Fort #1 [ x ] x Jarsfarziani]atofas 1as | secons pyte
1 F

a ft:  Read
0 l: Write

5. Reading or writing data

fince the address counter is avtomatically incremented when data is

;:ad from or wiithen to Port #, you may continually access blocks of
te.

* To accecs the WRAM, you can also use commands. These commands will

be expiained in & later chapter.

* Refer to the data sheet for acoess timings.



VEE34 MEX-VIDED USER'S MANUAL

BRE¥GISTER FUKCTIONS

1. CONTRCL REGISTERS #0 to #23 (Write anly?

¥12 to #46 (Write anly)

1.1 FKode Registers

RE&D
R#l
R¥8

Rig

¥SB T a 3 4 3 2 1 ¢ LB

[ 2 [oc f1521151|ns s ]1:;2 | 0 | mode Register ¢
o LHL 1EG] M1 zii o |81 [mag| mode fedister 1
us |Le |te lcB vk | '

0 18pp)BW |} Mode Register 2

LN G [EL {80 fYL [BO [*NTIDRC Moede Register 2

* Indicates negative iaaie,

BkD

R#l

hEES

R#9

alegi

I£2:
IEl:

K3
B4
k2

+

BL :
IEQ:
Ml

B1
MA

LP
TP

VR

s

SPD:

LN :

ge

fets the color bus to input meode, and inputs data into
the VRAN.
Enaples interrupt from Lightpen by Interrupt Enable 2,

Enaples Interrupt from Meorizontal scanning line by
Interrupt Enable 1.

Used to change the display moede.
lzed to charge the display mode.
Used to change the display mode.

When 1, sereen display enabled. When 0, screen
disabl ed.

Enables interrupt from Horilzontal scanning line oy
Interrupt Emable D.

Used to change the display mode.

Used to change the display mode.

When 1, sprite size is 16 x 15. When O, 8 x B.
Sprite expansion; when l: expanded. WwWhen 0, nopmal.

When 1, sebs the color bus to input mode and enables
MmOoLse.

When 0, sets the color bup to owtpot mode and disables
MoUse.

When 1, enables light pen. When 0, disables light pen.
Gete the color of code © teo the coler of the palette,
When 1, s#et# the color bue bo input mode.

when 0, pets the coler bus to sutput mode.

Selects the type of Video RAM.

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

O = 36K x 1 bit or I6k x 4 bits.

When 1, disables dimpiay of sprite. When O, dieplays
sprite.

When 1, sets black #nd white in 32 tones.

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

When 1, sete the herizontal dot count to 2132,
When 0, sets the horizontal dot count to 192,
Selects simultanecus made.
Selecks simul taneous mode.
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1L ¢+ When I, interlace (Complete NTEC timing)
When {1, non-interlace (Incomplete NTSC timing!

Ed : When !, displays two graphic screens interchangably bw
Even fieldsood £ield.
When &, digplays the same graphic screen by Even
field/0dd field.

*NT : When 1, PAL, (313 linez): when 0, NTEC {262 lines).
i{For RGR output oniyl

BC : When 1, sets *PLOLE te input mode; when {0, sets *ILCLE
to autput mode.

1.2 Table Base Addressz Registers

The table base sddress registers are a set of reglsters to declare the
addresges of kables in the VERAN to be used by MSX-VIDES.

Nete that when these registers are accessed, the control codes that
the screen may receive depends on the display mode. for this purpase,
you must mask bhe unwanted bits.

Msa 7 & a 4 3 2 I 0 LSB

RE2 [ a IAlEEAlS A14|A13[A}21A111A15| Pattern name table base
address raglster

e [ﬁi&lhle 1 Alu]ns lna 1&7 Ias ] Color table base address
tegigter low

4] l D ]ﬁlElAlS!ﬁIGl Color table base address

R#1D [ u l g ] o register high

tace address regipter

res {ma{maimaiaiaofas (a8 [a7 | sprite atrrivote table
hase address register low

o | o] o las|as] sprite aceeibute vabie

rern Jofole
base asddress register high

1
%
I
me [ ] [melns[malms[ma[ai] ratcern gonacator tapie
i
[
%

k6 | 01 6 [mstals|aid]mafarz|ani] sprite pattern generarer
table base address register

1.3 Calor Registers

The folor reglsters are used to control  the HSR-VIDEG®s text and
background screen colorgs as well as bl inking, ete.

MsB 7 6 5 4 3 % 1 0 LB

E#7 |TCJITr:zi'rcli'rcﬂlBmlanziﬂmlanul Text color/Back drop
color reglster

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

BD3 to 8DO: ESpecifies the back dreop cclor in all display
modes.

AT et M
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M3E 7 6 5 4 3 2 1 & )

BRL2 le]}TZE!TZiiTEDlECEIBCElBCl[BCD] ?g;isggiorfﬁack calor

In TEXT I mode, if the avtritutes for tlirking are set. the coalor
in thig register and set in RY7 4re displayed alternately.

[

T23 te T26: Specifies the color of part 1 of the pasters.
BCY ro BOO: Specifies the coloer of part 0 of the patcern.

¥SB T [ 5 4 3 2 i a L

re13 owsionzloni{onofersforafori]ore] Blinking pericd recister

In the kit map rodes of GRAPH4 to GRAPHT, the two pages are
alternately displaved (klinked). Place dsta in this register to gzet
the display page t¢ an odd page to begin blinking., This register is
&lsc uged in the  TEXTZ mode.

a6 to OWO: Display time for ewen page
OF3 to OF0: Display time for odd page

ms 7 6 5 4 3 2 1 0 LW
ar2e [elefololofo]o
mat [ofel1 1100
mi2z [o[ofofojof1|e
The above values are preset when thé‘#ngé

in the above three tegisters: are set
the composite video outpot;will be erasg

| o 1 Color birst register 1

-Color_burst register 2

{ Coior burst register 3

T If all values
burst signal of

If the above values are Eﬁ§SQQﬂenLlYl£.ﬁf h#_gxeé#tg.?aluesr the

normal coler berst signal will hﬁ-p@tpuh}”

i.4 Wisplay Registers

The display registers ate weed to cpiibrof the dlsplay position on the
CRT. R '

mss 7 6 5 4 3 2 1 & LS
re1s {2 vz fwa Jve fms [m {2l [0 | pispiay adjust reqister

The above register is used to adjust the display position on the CRT.
H=7...H=1, A= 0, Ew 1% . . , H = A

[Left) (lenter} {Right}
YW=8.,..%¥=1I5% Vai, Vi . . .¥%¥=27
{Bottom) {Center} (Top!
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mEB ¥ & 5 q 3 2 1 a L=

re23 {007 |po6[ros|vosinos {po2[oo1 ros| pisplay offset register

The above register sets the location of the Line ko begin display.

VEAM (Linel TeX Y Lf.. [
Top 8 corel MRS
CRT =cresn
BOTTON 192 or 212 F#23 =0
255
b
CRT Screen
BOTTON 136 or 156 E#23 = 200
TP 200
CRT Screen
255

MEB 7 & i 4 3 2 1 ¢ LB

819 fiw7jree|mesfrsfiafiea{ [ me] taterrupt line reqister
You may gpecify interrupts when the MSX-VIDECQ begins to display a
specified scanning line. T¢ enakle the laterrupt, use the above
register to sef the ccanning iine.

1.5 ACCESS REGISTERS

The access registers are a zet of registers uaed when aceeszing the
MEX-VIDEQ registers or the VRAM.

Mg 3 & 5 4 3 2z 1 0 Lo

R¥Ld | 0 | ] E 1] i bl | 1] |A16IAJS|&14! VRAM Accegs base address
reqlatar

When accessing the MSX-VIBEC and the Videa RAH {VRAK] ;- Bet the highﬂ
order three blits of the address 1in .the VRAM. mcesshwead&ress
Tegister.

amessl_&dr if there

& augtomatically
an TEK‘!‘I wodes, the

When data is eet in this register, &
is a wcarry frem 21, the dat
incremented. In GRAPRICL, GRATH
date in the :egj.smr A8 nob: ants

R#15 I oo y |

When reading the_HSX%QIDEQ,
contents of the Btatws reglster

f#3: tc 549, =met the

e
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Msg 7 a 5 4 3 Z 1 0 158

R#6 1 0] 0] o0 EREE jcz fci Jeo ) Color palette address
regleyer

When setting the cocler paletre of the MSX-VIDED, zet Lthe rumber of the
palette in the Color palette adiress register,

M5B & % 4 k) 2 1 0 LEB

5
R17 [a3] 0 }355Eks4lﬁssfaszlaslfasnl Control resister pointer

In the WSX-VIOEC, the above contrel register pointer may hbe used o
dciess ancther ragister. In addirion, according o the asetting of the
ALL bit, the data can be actomatically incremented.

All
ALL

l: Auto ingrement disabled
U: Auto increment ensbied

1.6  COMMAND HOG ISTERS

The following command registers are psed when e¥ecuEing & oopmanéd  on
the HMEX-VIDEG. Details on the uze of thepe compend registers wilil be
presented in a later chapter.

¥5B 7 6 5 4 3 2 1 0 I.5B

R#32 |sx? sxs|sxs]sxa SX115X2] 5411880] Scurce X low register
RE33 | elas ] 0 I o | oje| o [sx8 source x nign register

R34 Jov7|svs|sys{sva]syslave]svi[sve] source ¥ 1ow register
r3s fofojoafofelo [sva]sva] source ¥ high register

R#36 DKV DN6| DS |Dré{bxdfox2{oxi{oxs| Destination ¥ low regqister
R#37 t] 1] 0 1] # 0 4 (DR8] Destination X high register

R¢38 |py7[ovs|ovs|ovapysova]ovifove] vestination ¥ lew register

Re39 | 0 fofoia o] o fors[ovs] vestiration v hian register

reao {uxfnxs D[ x| s T e [wm0] Munber of dots x 1ow register
R4l {0l 0] 0] 6] 0] 0] 0 |wxa| wmber of dors x high register
ez [Ny7inve|wyswwa[nealavalnva[nvo] wanber of dote ¥ 1ow register
ris3 foiofeo]o]o [mys|nys] wumber of Gots ¥ high register

RE4¢ jcu3 cnz [cna|enoferalena[eni [cie} cotor register

R#4s | o |mxc|mxp|wxsiviv|orx[ee [mas] acqument register

R# 46 CH31CM2 CMl CHG]LOB LOZ|LOLELOODE Command register
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4. STATUS REGISTERS #0 to 4%  (Read only?

The following status teglsters are read-only registecs for reporting
the status when the MSX-VIDEDQ iz read.

MsB 7 [ 5 4 3 2 1 & LEB

S¥0
F:

BB

Cz

[ # [35 | ¢ [ri£en sprite number | Status cegister 0

Vertical scanning interrvpt flag
¥hen 540 im read, thic flzg is reset.

Flag for the fifth sprite
Five sprites are aligned on the ficst horizentzl line (In
the ¢3 to 67 modes, 9 sprites are allowed:

Collision flag
Twe sprites have collided.

Fifth asprite nulber:

The pumber of the fifth ‘or ninth) sprite.

usE 7 6 3 4 3 H 1 a L&B

13 EFL EL?Si Identificaticn # IPﬁ ] Status register 1

FL: Lightpen flag (Lightpern flag set)
if the lightpen is to detect light, this bit as well as the
IEZ bit must be Both set in order Efor ar fnterrupt to be
enabled. When S#1 is read, FL is reset.
Mouse switch 2 (Moupe flag set)
The second switch on the mouse wasg pressed.
In this case, when S#1 is read, FL 15 not reset.

LPS: Lightpen switch (Lightpen flag set!
The lightpen switch was pressed.
In thic ¢ase, when S#1 is read, LPS is not reset.
¥oune switch 1 (Mouse flag get)
The first switch on the mouse was pressed.
In this case, when 5#1 is read, LPS is not reser. A

: - 3

Identification number: -~ " - uc—y"\qP
The identification number {ID &) of the MSX-VIDEO.

FH: Horlzoental scanning interrupt flag
Horizontal scanning interrupt (which is specified in REL19
fiag. 1If IEl is =et, an interrupt is enabled, Wwhen 5#l
is read, FH is reset.

Mig 7 ] & 4 3 2 i 0 LS8
s#2  [mr [vr [un {sn [ 1 T 1 feo [ce | status register 2
‘TR: Transfer ready flag

When the CPU sends commands to the VRAM and other devices,
the CPY checks this flag while transferring data. when this
flag is ser to 1, tranasfer may be done.
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V9918 MSX-VIDED USER'S MANGAL \—’

VR

HE:

B

CE:

543
S44
545
2 13

M5B

- ' o0
Cei Aurwin U u:.m.;&rw!

Vertical scanning line timing flag

During vertical scanninrg, thiz flag iz set to 1. Li L
. . . - -

Horizontal scanning ling timing flag { e d‘“‘f"\"\ H an

During harisontal scanning, this flag is set o 1.

Boundary color detect flag

When the search command is execvted., this Flag detects
whether the boundary color was detected or nct.

Digpliay field flag
When 0, indicateeg the first field.
Wher 1, indicatez the gecand field.

Command execution flag
Indicatesz that a comrand is being executed.

7 £ 5 4 i 2 1 0 LER

{17 Txs fxs Txa fx3 Jxz xa [x0 ] column reqister ow
[T TaTafefads[xe] cotumn cegister nien
{7 [v6 Jvs {va |¥3 jv2 {v1 [vo | now register 1ow
{2 falaiv ] ]eofva| wow register bign

The above registers are set to indicate the collision Jlscaricn  af

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

547

|C7 ICE !CS |C4 iCB |C2 Ici |Cﬁ ] Colocr redister

The above color register is used when the POINT a2nd VRAM to  CRU
commands are executed. The VRAM data i= zet in this register.

S4B

G549

BX7 i BRE BxSlBﬂi BYIfBXI|BY)|EX0] Porder X register low

! 1 I 1 1 | 1 1 i 1 {BXB} Border X register high

When the search command is execoted and the horder ocolar has  been
detected, the X coordinate is set in the above registers.

18




VGU3H MER-VIDED USER'S MANDAL
TEXT 1 MODE

Characteristics

~ Partecn size i & dots (w) x 8 dots (h)

- Patterns 36 types

- Screen pattecn count 40 {w] x 24 (h} patterns

~ Pattern colors Twa colors out of 512 colors (per Boreent
=~ VRAM area per screen 4K bytes

o ke e

Controls

- Pattern font VEM pattern generator tabje
=~ Screen pattern locetion VEAM pattern name table

- Pattern color code } figh—ordetr four bits of R&7
- Pattern color code B : Low-crder four kEits of RE7

- Backgtound celer code : Low-order four bits of RET

T

Initial Bettings

1. #ode and Register Settings
M5B 7 & & 4 3 i } 0 L5

80 o foe jmszafiei] o] e ] 0] o ] Hode reqimter 0
RE1 | o |se |imo]| 1#] or] o Tsr [wac] wode register 1
R$§ [us [ue re T Jvr [ o [seofew | moce register 2
RO fex | 0 st fso |11, [#0 esnrlpc | #ade register 3

* Examples of settings in TEET 1 mode
** Indicates negative logic
B1} other bits are set accordingly

11



VB538 MEX-VIDEG USER'S MANLAL

2. Pattern Generator Table Settings

The pattern genmerator tabie jg an ares that stores the pattary fontsg,

- Bach pattern has a number from PRI to PH2E5.

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

= Set the beqinning (head) addresg of the patterr cenerator tatle in

register R4,

mse 7 & = 4 3 2 1 & 1L

He4 Lo i o Jus[ms[asfmz]mzlar] vattern generatar tarie
base address register

Pattern generator table

(X=l, O=Q}

ﬂ— These hits are wot displaved,

BB THO43110 LEB
AGROCOOC
QEONROO00
EO0CRO00
KODOXOQOD -— Faktern nurber 0
XEXEXO0D
X000R000
XOO0X000

QOOODOC0
KERROQOD  rwses,
XUQ0X000
RCOONOO0
AEXAROCO0 p-we Pattern number 1
XOCOXC00
ROOOXOD0
ARRXOOO0
DOQOCO00 —

Pl ot e B ot e
o B g L R} e O e O DR L B P B

- a

2040 XOXOROOQ —
2041 OXOXOACO
2042 AONONOOD
2043 OXQAGNGO — Pattern number 255
2044 XOXOX000
2045 OXOXONOO
2046 XONOXODO
2047 OROXOXDQ —

12




YWISIE MSX-VIDED USER'S MANUAL

1, Patterh pame toble settings

- The pattern name table is composed <f one byte f£or each =Ecreen
pattern, Each byte specifies a unique pattern.

- Set khe beginning {head! address of the pattern name rable o
register B#Z.

Mg 7 5 3 4 3 Fi 1 4 Lo

R§2 o jaslars|aafarafaziaiiiae] rattern name tavle
kaze address register

Pattern name table

Base addreus
[ o, &) i 4] 1 a 3 .. i3 X
{1, o) 1 g 0 1 ) -} P 39
P2, &) 2 1 [1r] 41 42 43 . . e
P 22 | eeo se1y . . . L ars
{3%, D) 1g
23 BA0F 821 ' . . . 838
{a, 1) 40
¥
. Screen disglay correspondenie
{33,211 G590

12




VS3E MEX-VIDEQ USER'S MAMUAL

4. Color regiscer Eettipnus

R§7

H3R

7 G

5

4

E| 2 1 0

LEB

frcajeca|re1|reofsosfspaienllnno| Text cororsrack drop colar

register

Specifies pattern coclor
code 0 ar back drop coler

Example of VRAM gllocaticn in TEXT 1 mede

0a6008

{Qacon
20830 H

o1 0048

£13¢08

Gl BOaY

Q2000H

IFFFFH

PELLEr N,
Hama
Table 0

FPatkern
Generator
Takle O

Fattern
Mamea
Table 1

Pattern
Generator
Takle 1

code 1

MsB 7 6 5 4 3 2 1 o
sz Leloleflote[e][el ]
ALE AIS Al4 ALD AL2 Al ALY
MSB T 6 5 4 3 2 1 @
res [ofjofololefelolt]
AIE A5 AL4 AL3 AIZ ALl

KSR 7 L] 5 & 3 Z

k12 Lo [0

[ofofefrfos]

Als

MEB 1 &

AES Al4 AFZ ALZ ALl ALG

3 4 3 2 1 o

o
e
-3
o

IE

[ofofojofs]n]

Al6 AlS M4 AT3 ALZ2 AR)

ppecifies pattern color

I.5B

L5E

L5B

LSk

A makimum of 12 pages may be aljlocated in
the game manner {using a 128K~byte VRAM).

14



VI93E MEX-VIDEG USER'S MANUAL

TEXT 2 MODE

Characteriptics

- Pattern size
= Patterns
- Screen pattern count

6 dotp (wh x 8 dote (hl

256 types

BO {w) x 24 (b} patterns

¢ {wl x 26.5% {h) patterns
Possible for each character

e

~ Pattern blinking

- Pattern colors : Twe colors oot of 512 colors {per scresnd,
four 1f usirg blinking

~ WRAM ares per EBcreen : BE bytes

Contrels

= Pattern font : VRAK pattern genetator table

- Screen pattern lociticn + VERAM pattern hame table

= Blink attributes : VRAM color takble

- Pattern color code 1 : High-order four bite of ®#?

= Pattern color code D : Low—arder four bits of RET

- Backgqround color ccode toLow—crder Four bits of RET

- Fatteyn color code | : Bigh-order four bits of R#12
(Fezed for blirking)

~ Pattern color code O : Low-order four bits of RE12
; tbsed for blinking)

Inkttizl Settings

1, Fede and Register Settings

msg ¥ & 3 4 3 2 I ] L5p

D 0 foc frezizer]| ovi 1+] q:l_g_} Kode register b
REL o {BL [1E0] 1* o*] o sfmuiig} Mode register !
BB ¥s Ly tp jee jve [ o sep nﬂ:} Hode register 2
RES [uv T o fst Foo fon [eo *=wifoc } mose recister 3

¥ Examples of settings in TEIT I mode

** Indicates negative logic

In this display mode, if LK is set te 1, 26,5 lines are selected,
and if LN is met toc O, 24 lines are selected.

A1l other bites are set accordingly

2. Pattern Generator Table Settings

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

~ Hach pattetn has & number from PHO to PHZSS.

~ Bet the beginning {head] addreses of the pattern generator table in
TEQiEter RE4.

MsB 7 & 5 4 3 2 1 a4 LoB ;

RE4 fofo |A;&[Al§|a14|n13Ia;z{nllj Pattern gemerator tanle
baze sddrees register

e e e e e

15
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V9IE MEX-VIDEC LSER'S MANUAL

~ The fant Eor each pattern i5 copstructed from 8 bytes,
twe bite of each of the eight hyres

fattern

(X

3.

=1,

Caal}

HEE

Bt
B b er EEh o B o b

e
nd

Jd der
- e

2040
041
042
2043
2044
1045
a6
2047

genereator table

iz net displaved,

r?h————*“~ These bitg are nobt digplaved.

76543718 LSB

ey calatalale]
SO KOO0
KOO0ROGO
XO0O0¥000
RERXKOOD
XOOGRGCO
KOOOXNOG0
[ alalaalal
XRREOOOC
XD0QXO0O
XODOROOO
REXX0000
ROCORO0G
ROUGROO0
ERXX0000
COCCIO00

ROXOXGOG
OXOXOXO0
ROXOX000
CROXOROO
XORIRQOD
CROXQROG
XDHONCOQ
OXGXQNOD

Pattern

Pattern name table settings

l— FPattern

number 4

riwoer 1

— The pattern name table 1 composed of
pattern.

and
ihl.

k&2

if

MEB

one

— Pattern number 255

yte for each

Each byte specifies a unigue pattern.
If LM is =et to U, the screen display pattern i5 80 {wy » 24 (h);
LN is set te I, the screen display pattern is 80 {w) x 26.5
The upper half of the 27th pattern (hl is displayed.
Zet the beglrning {head)
register R#Z,

7 &

E

4

addrens

i

2

of the

I

0

pattern name table

L5B

o [melarsjmajmsimal 1§ 1 | pattern nane taule

i6

base address register

and the jcwey

ECTEEN0

in



VO9SIE MEX-WIDED USER'S MANUAL

Fattern name table

Base address
g, &) [ 0 1 2 3 PR 7% X
1, &} 3 g 0 1 2 it .. 1%
(2, 0 2 1 HG 31 B2 F Y S 154
; ) 2% tzoecizool] . N B Y
178, 0 i9
=6 FE0GCIZ0EL . . .. ]2ETW
£ 8y 13 EO
T

. Screer display correspondence

{79,261 2159

4. Color table settings

- In TEXYT 2 mode, sach patterrn has a separate bit for the atiribete
area, and if this bit iz set to 1, the pattern blirk attribute will
be zet,

- Bet the beginning (head) address of the color table in registers R43
and R#1G.

M8 7 6§ 5 4 3 2z 1 @ LS
Ré3 faslazfaafmofas 13 T1 | cotor tabre
Et10 [ofojotolo{as|arsiarse] base address registecs
COLOR TARLE
RSE 1 6 5 a 3 2 1 n o Lss
afco, mje 1, mfez, o131, 00004, 00fe s, wlcs, et 7, 0))Base

addrecs
L|C 8, G¥|¢ &, 02 Fe10, ¢ (42, 014012, Q))(13, o

14, G1§013, 0

....
.
]
“ . ow o

v
’

- L -
.

2693 (72,26 . . . . . - (13,26}

17




V9918 MEX-VIDEQ USER'S MANDAL

5. Color register settinos

- Bet the color for pattern 1 in the high-order bits of regigtar RaY.
— Bet the c¢olor for pattern U in the low-corder bits of register F#7.

MEE T [ 5 4§ 3 2 1 0 LEB

®A7 [EgachzlmczIrc&lﬁnatanzianliaﬂEI Text color/Back drop

« St the blink attribute for the corregponding pattern by setting axn
alternate color code in tegister R412. The pattern wiil be plinked
bty using the color codes set in registers R#7 and R#lz.

MSB 7 & 5 4 3 2 i 0 LEg

RELZ [T:3|T2:|T21[Tza§nc3|3c2|ac1|563] Text color/Sack color
. regigrer

. BElink register cettings
= The color vodes set in registers RV and R#12 will be alterrately

displayed for blinking; however, the blinking peried attribute itime
oh and time off) <an also be set in register RELZ.

R #12 B #7 R #12

A — A ———

l#¥— On tire —|%— QfFf time ——1

MEB 7 € 5 4 k) 2 1 ¢ 1.58

R#13 lEE3!ON2[OM1|DROIOF3EOF2;CF110FD] Blinking perisd register
1 13 T T
O time OFF time
- The data for the 0N and OFF times are shown below. (NTSC)
DATA {Binaty} TIME tmg) PR L

adboo o

G001 i66.9
B61o 113.8
g011 500,65
diloo 667.5
tiol 834.4
0116 100%.3
eil1 11682
1eceg $335.1
ig0i 1581.9
1810 1664.8
Lol 1835.7
1160 2002.6
11861 2169.5
1110 2336.3
1111 2583,2

i8
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Example of VRAM allocaticm in TEXT 2 mode

GOogdH

00870H
COABOH

0.l Ex
0lOagH

O1B00H

J2000R

028708
02300

02BOEH
030008

03g00a
04000k

1FPFPEFs

Pattern
Naine
Table &

- Color i
Table O

FPattern
Groerator
Table 0

Pattern
Hame
Taole }

f-nColor -
Table )

Pattern
Generator
Tahle &

Pattern name table bage address
[ats151 7 & 5 4 k) 2 1 0 1L5B
mzieiu!o;oielu 3[1]

Ale AlE P14 ALY AlZ

Color tablée base adidress

I=B T & 5 4 3 Z 1 [ LEB

sz fojojzjojrdrfr ]
AL3 A1Z A1 10 A%

ke3¢ [0 Jotalofoiofolo]

AlE R1IS ALG

Fattern generator table base address

53] 1 & 5 4 3 2 i ] I.5B

Fd En|aln]e]u|n];fu{

Bi& RIS Al4 ALY ml2 AR}

A maximuem of 16 pages may be aliccated in
the same manner {using & 1Z8K-~byte VEAND.
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Y38 MBX~VIDED USER'S MANLAL

LTICOLOR MGLE

aractertstics

Soreen composition + 84 [wi x 48 {h) coler blocks
Color bluocks s Siwreen colors cut of 512 oolors
Sprite mode v Bprite mode 1

VRAK area per screen : 4R bvtes

ntegols

Cofor biock coler code  VRAK patiern gengrator table
Color block ocatjon : YRAM pattern name takle
Rackagtound color code : Low-oreer four bits of R&T
Eprites r MEAM sprite arrriture rxble

VEREAN gprite pattern takle

Initjal Settinqsl

L.

Mode and Regiszter Settings

BER Y & 5 & i) 2 1 i}
RED i_a__uomc;__n:zimﬂ NEENE
RE1 E£ 1e| oe] 14| ¢ st Juag]
R¥8 EE% @ |vr [ o jseojaw |

R¥9 [en o 1s1 [se |1 [eo *ewr]oc |

* Exanples of settings the display mode
** Indicates negative logic

2. Pattern Generator Table Settings

LER

Mode register 0
Fade register }
Foda register 2
Mode register 3

te the KULTICOLOR mode

- The pattern generator stabie iz an erea that stores the colors of the

roler blocks.

- Fach pattern is made up of four color bLocks. These pattetns are
apptoximately 8 x B when the dots available for the screen display

area lg 2536 x 192 dotw,

-e— B odokg e

2a

s e nas

A B ]
Foyr each bBlock A, B, O
8 dgts and D, #sixteen cclors may
be specified.
¢ 5 l




VHEIE MSX-VIDED USER'S MANUAL

- 1n the MULTICOLOR mode, twe bytes are used for each pattern, and
each pattern includes four color blocks.

MSB 7 & 5 4 3 2 ) 0 158

I Color:codé A E Célo:lcodq B i

I Célo: code O E Célurlcodé h |

= In the MULTICOLOR mode, faor each pattern name, thete are four
corresponding color blocks, and acoording te the y-coccdinate, the
rattern names are automatically set,

MEB 7 & & 4 3 . 1 0 188

T L] L T v
— A B Coler ocode A Colar code B Pattern wher
$ + + + t + ¥=0, 4, B, 12, 14,
[ 4] Cainr gﬂdeic Color code of 20 is selected
3 F Colar code E Color code F Pattern wien
+ + t % t + Y=Y, 3, %, 13, 17,
Pattern | € H Color code G Color ¢oade H ot 21 ls salected
rame * * * -
N .
I J Color code } Color code J Pattern when
+ + + + + =2, 6, 10, 14, 18,
K L Color code ¥ Celor code L wr 22 is gelected
M N Colar code M Color code N Fattern when
+ + ' ' } } Ya3, T, 13, 15, 149,
— D F Color ¢code G Color code B or 23 is selected

- 5&t the beginning {(head] address of the pattern generator taple in
register R4,

MsB 7 & 5 & i 2 1 a LEB

Rid { ] § a ]A161515|514|A131nlzlal1| Pattern generator table
base address cegister

Pattern generator table

0 Base address
Pattern name 30
[Eighk bytes)
g
FPattern name #1
lEight bytes?
6
2040
Pattern name #2%5%%5
(Eight bytes)
2048

21
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1. Pattern name table settings

- The pattern name table iz composed ofF ome bwie for each =creen
pattern. EBach byte specifier & unique pattern number.

Fattern name tanle

a 1 2 k) v . 31X
a 0 1 2 i . . 31
1 3z i3 34 -3 B 61
22 1041 Y05 . ' PR 735
23 Tisy 737 . . PR TET

= Seb the peginning (head) addrezs of the patters name tanle in
regdister BEZ.

MEB 7 & 5 4 3 2 3 g LSR

A2 [0 [as{ars|mafas{aia[arafaze] rattern name tabie
bage address register

Pattern name table

Base addresg
L4, a1 a
£ 1, i 1
{ z, @t 2
§31, Q) 31
{0y 11 2

(31,23} 167

22




V493E HSH-VIDEO UEER'S MANUAL
4. Color reglster settings

Bsa 7 5 & 4 3 2 I { [L5R
7E7 TCH{TCI [TEE |TCO {BL [BD2 BRI |BD Text color/RBack drop color
register

Specifies backdror color
Ignored

5, Sprite settings

- Set the beqinning thead) addresz of the sprite attribote takle in
regiskers  R#5 and RRl)l; and set the beginning fhead) addresz of the

aptite pattern qenerator table in reqister R46. For  details about
sprites, see the section on SPRITE WODE .

Mg ¥ & 5 4 3 Z I G LS8

RS [arafaizfarz a1 fniafas [ae [a7 | sprite atteivute tabe
baze address recizter

R¥12 [o e iotololfo]|melas]

R¥G [ o [ o |mslms|mefmsfarz[mr] serite pattern gencrator
tahble base address
register

23
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Example of VEAM allccaticn in MULTRICOLOE mode

CoooDE
Sprive
Generator
Tat:] &
(1024
oytesg!
D&400H
Pattern
Name E 007008
Tanle L Sprite
{768 o attribute
byreg! |- table
GOoTo8H (128
bytes)
C07 BOH
UG BOOH
RLLE
Patters
QOCOOH Generator
Tatle
(z048
bytes}
01Ga0H
. . A maximum of 32 pages may be allocated in
. . the same manner luging a 12EE-byhte VRAMS.
IFFFFH

24
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GRAPHIC 1 RMGCDE

Characteristics

- Pattern size
- Fatterns

= GBcrecn pattern count

- Paktern colors
- Sprite mode

~ VRAM aread per sCreen

Conttols

- Pattern font

- Screen pattern location

8 dots

PRI T )

ar

~ Pattern color codes I & O ¢ Can

- Sprites

Initial Betifings

1. Mode and

Ref
REl
Re8
R#9

B-pattbe

pattern

Ragister Settings

(w] ¥ B dotg

356 types
12 Wy x 24 (h) patternc

18 coiory out of 312 oolors (per screen!
Sprite mode ]
4K bytrez

specified as

[ht

YEAM pattern geperator table
VEEM tt&rn name table

& grogy for each

ch sk, in the VEAM color table
- Backyround color code : Low~arder four bits of RiE7 .
: VRAM mprite attribute table, VRAM sprits

table

e*E 0 ] Mode

51 {mac] mode

sep[sw | rode

MsB 7 6 5 4 3 2 1 D LSB
o e |is2|1E] o+| o»
o IsL [1m0] o+] o+ o
[#s fup lve s fvr | o |
e o [s1 {so fon [eo

*NT(DC | Mode

Edamples of

setiings in GRAFH

** Indicates negative logic

25
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V9938 MSX-VIDEC USER'S MANUAL

2. Pattern Generator Table Settings

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

- Bach pattern has a number from PHO to PRZ5S.

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

- Segt the beginning (head) addresez of the pattern generator tabie in
register R#4.

EsSE 7 6 5 4 3 2 1 G I.5B

Fhe |0 o [uslnislnaias{malnil ractern gensrator tarle
base address registey

Pattern generator table
(=1, D=0}

MER '?651&32;0 L&B
COXXROG0
CROODXO0
XQOQOORS
Xo0QoonRg — Pattern humber O
RARKAERC
ROODOORD
XOOO0OXT
COOOO000
EARRRROO
ROOOQ0 X0
KOOQOOKD
KA KEKOO — Pattern numbar 1
KOOOOC RO
KODOG0 KD
RARRRAGO
GO0 ——

. .

Bace address

et et g
s Lal R et T A D RN e e R S

—
ot

2040 NOXDROND ———
2141 ORORCHUOKR
4042 ROXOXCKC
2043 GEOXOXOX Pattern number 255
2044 XONOROEG
2045 ONONONOX
2046 XOXOXOXO
2047 OXOXOUDYK meeemmd

26
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3. Pattern name table settings

~ The patee:n name table is composed of one byte for each screen
pattern. Rach byte specifies s uhigue pattern.

- 3Jet the beginning thead! addrese of the pattern name tabkle in
tegister REZ.

Msp 7 4 3 4 3 2 1 a LEB

R#Z 10 faléfmsiaralmaiatzfail{s10] Pattern name table
base address register

Pattern name table

Baze addres:z
{8, 00 £ ¢ 1 2 3 . . 31 %
¢ 1, B 1 o sl g 2 At . . 1
¢ 2, O 2 P 3z az| 34| s . . 63
’ 2z | vo&| 78t . .. . T3%
(3L, &) 1
23 | 736 7a7i . A I T
tu, 11 1z
¥

Screen display correspondence

t21,235 | 767 loyte!

4. Color regigter aettinogs

HEB 7 ] 5 4 3 2 1 0 LB

RH7 Izc3{rez {vca jTcoens jooz |apl jspe] Text color/ack drop
color register

Specifies bhackdrop color
code
Ignored

5. Color table settings

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

- Bet the beginping 'head) address of the color table in registers RED
and R410.

27
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Mss8 7 6 5 4 4 2 1 0 Lem
Ba3 [a13]az2]a11]a2ofas [ag [ar [a6 | color tavie base address
relo fololoTo | o !Alﬁinlﬁlnl4| recister

Color table

I Color code for part L

1 [ l i {_’—j-—!—— Calor code for parc G

MEB T & 5 i 3 2 i & LSB
Hace address
0 FCI|FC2IFCL{FCO|BL3|BCEIBCLiBCOE Pattern %os, O to 7
1 FCIIFCR{FCLIFCO|BC3|ac2 i aCE | &Ce| Pattern Nos. 8 Lo 1%
- - T T " R . . f -

1 treafeca{pei{rooiecs|ac2 nc 60| pattern Nos. 248 to 235

6. BSprite settings

- Set the beginning {(head] addresz of the sprite attribute table in

registers R#5 and R#1l; and set the beginring (head) address of the
grrite pattein generatar kable in  register 866, Far details on
sprites, see the secticn on SPRITE MODE 1.

FE5B 7 & 5 4§ ] 2 1 0 L=m

RS [m1alaslmziaiiatofas [ne [a7 | sprite atteibote tabie

R¥13 ] sleie o] o] o |melrs] vase address register

REG [o] o jriefars|arafarsfarzfar] sprive pattern generator
table baze address
regisker

2B
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Example af V&AM allocation in GRAPHIC 1 mode

Vo000

Qb 4a0s

G700

aQagls

Q0COkE

DlogeR

1¥¥PFFH

Sprite
Genecator
Tat:le
(1424
bytes}

Pattern
Name
Table
{768
hytes!

Sprite
attricnte
table
128
bytee)

Fatrern
Genezator
Taile
{2048
bytesl

Color
table
1312 bytes’

A maximom of 32 pages may be allocated in
the same manner {(using & 1ZB¥-byte VRAMD.

29
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GRAFHIC 2 AND GRAPHIL 3 MODES

Characterigkics

- Pattern give

-~ Patregng

-~ Boreen pattern count
- Pattern colors

- Sprite modes

B dotg (w1 A B doks ikl

168 types

32 (w) x 24 (h) patterns

16 calers sut of 512 colers (per aceccen)
Sprite mode I I(GRATHIC 2)

Sprite mode 2 (GRAPHIC 3

~ VRAM area per screen : 16K bhytes

EEREL IS T Y

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

Controls

~ Pattern font : VRAM pattern generakor tahble

- Ecreen pattern location ¢ VRRK pattern name table

- Pattern color codes 1 & O @ Can be ppecified ag a group for each
raster, in the VRAM color takle

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

- Sprites VRAM gprite attribute table, WRAN sprite
pattern table

"

initial Sertings
l. Mode arid Register Settings
usg 7 & 5 & 2 2 1 8 Lsm
G { o {ee [1e2]iea] ool oo w#] o] mode register o

U, 1 for GRAFHIC 2 sode
i | G for GRAFHIC 3 mode

fl [ o ler Jreo o+] o+ o [s1 {mac] mode register 1
RES [vs {ce jre CBmTVR | o [sepjew | #ode register 2
RE9 [iv To[s Tso Jon Jeo Sannfoc ] mode register 3

* Examples of settings in GRAPRIC 2 mode or CRAFHIC I mode
** Indicates negative logic
ALl other bits acre et accordingly.

ic
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2., Pattern Generator Table Settings

E

The patkern genervatcr tatle is an ares that stores the pattern fonts.

= Bach pattern group has & number from PNO to PHNZEE: and since each
group may have throee members, 768 pattecns may be specified.

- The font [of each pattern is construgted from B oyres.

- Set the begihning thead) address of the pattern genecrator table in

register RE4.

Msp 7 € ] 4 3 2 1 ¢ LEB

BH4 I 0 I o EAlBlAlEiAl#EAi)E 1 ! 1 } Eiéieiﬁagﬁﬁir?igﬁsﬁiflﬁ

3. Celor table settings

The colors for pattern color 1 and pattern cojor € are =et 2: 3
group of one rastec.

- The color table corresponds to the pattern generator table on & one-
to—one hasis,

- Set the beginning (head) address of the coler table in recisters RY3
and R¥i0.
MgB 7 & =3 4 3 2 1 fF LSS
RE#3 [Alsl 1 [ 1 I 1 I 1 l i [ 1 | 3 | Color table bagse nddress

rexe fo oo oo [me[arslare register

4. Color register settings

MsE 7 & 3 4 1 2 13 & LSB

RET [rc3{rez|Tciirca[spaispa|{pnl|Boo] Text color/mack arop
color redister

specifies backdrep coler
code
Isnered

31
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Fatbtern generatot

(=1, 0=0}

Faerert number o

Pattern nomber 1

Fattern number 255

048

4896

6144

kanle

JR—

—

Fartern generataor

table

K}

=
tn

g = O L el B D

QOXEXAOC0
QUROOORD0
XOQO00KD
XOD000X0
ES 8 3.5.¢.9.44]
AGO000X0
RCQODOX0

COO00R000
KXXXXEQO
XOOOROX0
XOODG0RA
KHANNEOD
XOOO0GKD
XOQO0O X0
KXXHENOG
OORQRLI0

-

B i e
LA M.,

- -

2040 XOXOXOXOD
1041 QXOXOXOX
2042 XOXOXOGUO
043 OROKONROX
2044 AQRORONG
1045 OXONGHOX
2046 ROXOUOAG

e 2047 QROXOROR

THI432I0 LSB

MEB V8543210 tERB

D0A00000
flalulolu ol
QOA00000
alealalal $Lole}
Q000000
QOOOC000
GORCORER
QLCOO0C0
000000
QOOOD0050
DOO0O0O000
QOO0
GO0
CGO0O000
OO0
[EE W e

.

QUODGo00
DAGOOGO0
JOA00000
GD000000
QOO0
QOO0
QGQAGO00
QOO0A00O0

Celor pattern 1 m--———l—l] I

Color pattern @

Color table

Bage address

rhiva

Middie
Third

%6 pattecns 256 coulors
for upper for upper
third of thicd of
BCreen sereen

12048 byteg) 12048 bytes)
236 patterns 2538 colors
for middie for middlie
third of third of
ECreen sCreen

{2048 bytes) (204E bytes)
256 patterns 286 calors
for lower for lower
third of third of
screen sureen
(2048 bytas) {2048 bytes}

Lower
Thicd

32
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1. Pattern name table setbings

- 'The pattern name table is composed

cf

on

e Dyte

pattern. Each Iyte specifies a wnigue pattern.
- The upper, middle, and Iower parts of the
three different parts, for a tokal of T63 patterns,

Pattern name takle

BCT&En

for each sScreen

can be used

{0, 0 Pattern displsay area for upper {11, o}
third of screen {256 bytes}

Lo, 7 (31, 71
(4, 8 Pattern display area for middle tir, A3
third of screen (256 bytes)

{ 0,15} (31,15}
{ 0,16} Fattern display arez for lower 131,16)
third of screen {256 bytes!)

[ 9,23} (31,231

- Bet the beginning thead) address of the pattern name table
register RY2,
MSE T 6 5 4 3 2 13 0 L5B
Ré2 [ o {215 a1slatajaiz[arafazifaro] satvern name tanie

Pattern pame table

4, o

{31, "

{ &, B}

(31,15

{ 6,15}

131,23}

base address register

Baze address
1]
1 fe T3T
33
255
256
— Far
. of
511
5132
— For
. of
T67T {byte)

EX)

upper third
sCreen

middle third
screen

Iower third
sCreen

as

in

B s T
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4. Eprite sattings

=~ Bet the beginning (head) address of the sprite atiribute tabie ip
registers R4S and R¥L1l; and set the beginning !{head) address of the
sSprite pattern genetator table in register R%6. For detasils aboot
sprites pertairing to GRAPHIC 2 mode, see the section onp SPRITE MOLE
L. and for detzils aboot sprites pertaining to GRAPATC 3 mode, see
the secticn on SPFRITE MGDE 2.

21— & 5 4 3 2 1 ¢ LaB

RES [a14]arsara{ar[ate] as] ag] 17| sprite attritote table

R#l11 [e]e [ oo faly [AL6 [ALS| base address register

F#& [ & E a EﬁlﬁfﬂlEEﬁjéEnlaihlzfﬁlll Sprite pattern generasor
table base addrecs
register

34
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Example af VEAM allcecaticn in GQRAPRIC I mode

000K

COEN0R

0ro00H

018008

220088

0280G0H

03000KH

038CaH

C3IROEH
Q4330H

1FFFFH

Patkern
Generator
Table

Upper

Fattern
Generaktor
Tahle
Middl e

Pattern
Genecator
Table
Lower

Sprite
qenefatold
table

Color
Table

Upper

Eprite
attribute
table

Colar
Table
Kiddle

Colar
Table
Liwer

Fattern
Kame
Table

U1 eO0E

QECOLH

JiCBGH

Q20000

A maximum of B pages may be allocated in
the Bame manher

kS

{using a 128E-byte VERN}.
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Exampl € of VERAM allcraticn in GRAPHIC 3 rode

GOOQagy
Fatkern
Generatcy
Table
O ppe ¢
Laao0E
FPatrern
GENnCr ator
Table
Middle
21e00ay ’ DL AGGH
Fattern SF O Bprite
Generator B generator
Table n taple
Loweyr ’
G1l800H
01C0ok
020004 SErite
Color B cular
Table " tanle
Upper % 0LEaQy
02800R Y Sprite
Color 5 attribute
Talile bt table
Hidaie K G1F80H
B3000H B
Color .
Taklie Q20608
Lovwer
03 B00H
Pattern
Wame
Table
J3BUDH
La000H
. . A maximum of § pages may be slliccated in
. . the zame manner {uveing a 1Z2BE-hyte VRAM].

1FFFFH L——'

A
%
b

16

i
i
M
§



WOEIE MER-VILDED
GRAFEIC 4 MGDE
Characteristics

- Bit-mapred Gt
~ Lereep size

~ Boreen Colote

=~ Bprikte mode
= VRAM area per

Cantrols

= Graphiocs

~ Background colar code

- Spritas

USER'S MANUMAL

apics MHode

256 lwi x 212 (b} dots
e56 (wl x 192 (k) dots
colers (pay screend

1% coloes out of 312
Sprite mode 2
32K bytes

e ar

ECreen

e w

pattern rable

Initial Settings

1. Mode and Register Settings

MR 7

1 3 4 3 i 1 &

80 La

0 ¢
be jrezlier| o+] 10 1 e_] Kode

RrE2 [

st f1po] ovf o] o0 fs1 mf;] rade

REB [ws

ILp iTP ca vR | o [sep mw | Mode

R4 9 [1x

L0 51 180 (TL {PO *#NT[IC | Mode

* Examples
t* Tndircates
In GRAFHIC 4

ALl cther bi

of zettings in GRAPHIC 4 wode
negative logic

VRAM pattern name table
Low-order four bits of ft#7Y
VHAM Eprite attribute tanle,

redister
register
reciztey

recister

mode, i LM is gey re 1, the screen height
and if LR is set to 0, the screen height is 1%2 dots.

ts are set accordingly.

37
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ig 212 dote,




VES3E MSX-VIDED USER'S MANUAL

2. Pattern name table zevtings

—- The pattern nams table i composed of one byte Eor every two dotg

oh

the screen. A ocolor can be zesigred for each dot from a selection

ef 16 ecolors ocut of 512 colers.

(0, q1]t1,0 i !c25a, s ftzss, o)

[0, 11 {255, L}

tﬂ;lSl]i (255,191)
e e e e e e e e e K

1L

tg,211) (355,211)
e e e e e e s . Lh

-~ Set the beginning (head) addrees of the pattern hame taolae
regigter R#2.
kiR 7 £ 5 4 2 1 0 Lsp

3
R#7 bo fatelaxs]| 1T 0 [ | 1] pattern name tamie
bagse sddress regipter

These two bits s?ecify
the page to display

3B

o

in
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Patkern nane takcle

RSB 7 6 5 ¢ 3 2 1 0o pe
1 E G: ﬂ; E 1; 05 Base adidress
2 I 2, {1 f3, 0l Set the colop code for each
i . L = = = dat in thise table.
T T T T T T
127 (254, 0 (255, &)
128 ¢ a, 1 i1, 11
27134 £252,211} (253,211
27135 (254,2111 (355,211

3. Oolor register settings

MEE 7 & 5 4 E| 2 i 0 LSH

RE7 jresjreajretfrco[epafena]enl[nno] rext colarsEack drop
caler yecister

Specities backdrop celor
code
Ignored

319
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4. Sprite settings

- et the beginning

registers

[head)

B#5 and R411;

SErite patbtern generator

Lpriktes,

RS

E#ll

E¥8

see the zection

wig B

5

4

address of the sprite

atbribute tabie ir

and set khe Deginning {head! address of the
table in redister R#6. For detzils  akout
ah SERITE MODE 2.

2 2

E

Y

!Al#lﬂlE‘AJZIhll!MlﬂE 1 ! 1 l H l

tolefoleioloeinslas]

E ¢ 1 g ia161n151a14[nlaTh12|a11|

Example of VEAM allceatlen in GRATHIC 4 node

BH

20008

a4&adn

0EQ00H

2eA000

87800H

L8000

1FFFFRE [*“““““““——J

Pattern
ndame
takcle

192 lines

2E2 lines

LRI B ]

Sprite

generatotr

tablie
{2648

byterld

Sprite
color
table
t512
bytes)

Sprite
attribute
table
[1z2g
bytes!

QTR

G7800H

07a00E

{7 AB0H

QB8000H

LEB

Fprite attribute tzaklie

base address

register

Sprite pattern gererator
table base addrese

register

A maximum of 4 pages wmay pe allocated in
the same manner {using & I28K-Lyte VRAM).

40
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GRATHIC & HODE

Charactgristics

- Bit-mapped Graphics Mode

- GCreen size » 912 fwr x 22 th dote
G172 (wh ox 192 {h) doto
« Bereen colors : 4 colors cut of 512 ¢olors (pe¢ ooreent
- Sprite monde : Sprite mode 2
= VRAM area per Screen : J2F bytes
Contraols
« Graphics : VERAM pattern name takble
=~ Background colwr code : Low-order Four bits of RY7Y
- Sptites t+ WRAN sprite attribute table, VBEAM sprite

pattern table

initial Eettings

I. Hede and Reginter Settings

MSB 7 6 5 4 3 2 1 O L&m

RED [ ¢ {os lisalrer] 1+} oef 0%] 0 | Mode
Rr#1 o [sn Jze0] uel ol o [sr ME' Mode
REB [#5 lrne l7r few ive | o [seolew | moce
R#D [te [ o Jsx tso Imx [eo #enr[nc | Mode

* Examples of settings ip GRAPFHIC 5 mode

*% Indicates negative logic

Ir GRAPHIC 5 mode, if LN is set to 1, the screen height

reclister
teglster
reqister

register

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

41
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2. Pattern name table settings

- The pattern name table is composed of one byte for every four dots
ch the screen. & calor can be assigned for each cdot from a
selecticn of 4 colors ocut of 512 colopes.

lfsw, o | 511, o

o, Il {811, 11
:

(ﬂ,l?lil 1511,1381)
Eﬂr211)| (511,211

N

~ Set the beginning {head} address of the pattern name table in
tegister R#2.

SR 7 G 5 4 3 2 1 g L&B

E§2 3 0 |ﬁlﬁ|AlSl I | i | i I 1 l 1 1 iattern name table
ase addreas register

Thege two Livs specify
the page to display

42
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Fattern name table

MSB ? & 5 4 3 ) 1 0 LB

2 CB, 02, @10t 2, G831

L
=

Base acdress

~

T S

=
-

Get the coclor code for each

1 C 4, 21| 5, py|é &, arte
A . dat in this table.

* ]

k) T T Y
127 [e508,0) (508,00 }rsi0,00] (311,00
128 F (0, L3I0 1, 13FC 2, L3, 1)

27135 i % j{:sn.::am

3. Colar register settings

ueB 7 & 5 4 3 2 1 ¢ LEB

BT [TC3ITC2ETCIITCB]BDJ'E—M[BDEEBBD] Text color/Back diop
color register

tpecifies backdrop colar
cQ
Tgnoyred

4. Egprite settings
~ Bet the beginaing (head} address of the sprite attribute table in
registers R4S and R#11; and et the beginning (bead) address of the
sprite pattern gemerator table in register R¥6. For detatls about
gprites, eee the gectjon on SFRITE MODE 2.
M58 7 & 5 4 3 2 1 0 L5B
RES fmaimaimoafaiiaie] 3§ 3 ] 1| sprite attribate table

R#Xl E 0 i 1] E 8 t a i 4 I 1] |A16Ia15E kase addrese register

24 13 l 0 I a iﬁlﬁ%hiﬁialdlaiSlHlE]HlET Sprite pattefn generator
table base address
register

43
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5.

Hatdware tiling fumction

In GRAFHIC 5 made, & hatdware tiling function processes the sprite
and background colora. For these calers, you can specify foubr WLits;
however, of these four hits, the higher-order two bite specify the
colocr code of the even dots, and the jowar-order two hits specify
the color code of the ofd dots of the ®-coordinate {0 to 511).

In GRAPHIC 5 mede, the size of ope dot of 4 sprite i approximately
twice that of & graphice dot; however, when this tiling function is
used, cne dot of a =sprite may be displayed in two colors,

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

Even dots (0, 2, . . . 510

Odd dots (1, 3, . . . G112
HE Two graphice dots

A sprite dot

AXX

-

BEB | A1/} f L&  Bbite specifying sprite colers(d bits!

44
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Example of WVRAM allcocaticn in GRAPHIC 5 node

QO000H

020004

Q4020H

UED0GH

CEAGOE
oroRee

08000H

Bathern
name
table

192 lipes=

212 lines

Sprite
generator
table
(2048
bytas)

Sprite
colar
table
(512
byteg

Sprite
attribute
table
{12E
bytes}

LI Y

1FFFFH l**"***“"“J

07000k

G 800K

078008

07ABOH
02080H

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

45

fesing a2 12BF-byte VRAM).
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CRAFHIC & MODE

Characteristics

- fit-mapped Graphics Mode
~ Screenh s5ize 451z fwl ox 212 () dots
512 fw) x 192 th) dots
- Sereen colors . 16 colors aut of 512 coloars (per screent
Sprite mode : Sprite mode 2
- VEMAM area pET SCrEEn + 128K bytes [Two screens)

» To upe this mode, the VEAN must have 128K byres.

Controls

- Graphics : VRAE pattern namé table

- Background calor code : Low-order four bhits of R&7

- Hprites : VRAN sprite attribute table, VRAR cpEite

pettern table

Initial Settings
1. Mode and Reglister Settings
WMSER 7 & 5 4 3 2 1 ¢ LEE

Rén I 0 tDG IIE2iiEli 1*I *l l*l ! Mode register O

w (ol [l oo fo o] vose s
Rr%8 |Hﬁ ‘LP

R¥S tan | o si-i-iis& HL fEc *snTinc | Mode register 3

ragister 2

* Rxamples of settingg: in GEAPHIC § mode

t* Indicates neg:tiv jegie

In GRAFHIC 6 mo . iB et to 1, the screen height 1s 217 dots,
and if LW ip =et tH ' he screen height is 152 dots.

All other bite are aet g ocor Girgly .

44
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2. PFattern name table settings

- The pattern name table iz compoged of cne byte for every two dots on

the sureesn. B oceler can be aseigred for each dot from a selection
of 16 ceolors cut of 512 colors.
*
W, M[{1.5 ; E{slﬂ, Qr|tsll, oOf

e 1 511, 1
¥ ! %, ¥ i

19,1911 t311,191)
I L R T T L—'r:'_' G
0,211 $311.,211)
] e L =1

- Set the beginning (headl address of the pattern name takle in
tegister R¥2.

L322 £ & 4 3 4 1 Y LgB

weo o fodme i3 [r]s 3 Traciern name tante

S ifies the page to display (In G6 and
41 cdes, the positicon of AlGE differsl.

b a3 - boad
POAD npsh b ks oY Y qu selth

tuaﬁl_ v\nurﬂhhgtx

47
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Fatitern name takbie

MEE 7 [ % 4 2 1 0 L&B
o o, m to1l, &b Base addrezs
1 Loz E 3: O Ser the color code for each
L . . . L dot ir this takle,
| {
b 1
| |
T T T L T T
255 (518, 0 (511, D!
L b i 3 L
Z56 ion 1 [ A
i I
1 i
I I
42T (a3 8,211 509,211}
+ + + b $
34271 191,235t (511,211}
L [ 1 i " "
3. OCplor register settings
mis 7 h 5 4 3 ] H 3] L5H
BT {rca]rcarct]rcofens[anaieniinne] rext coror/pack drep
color register
Specifies backdrop wolor
code
Ignored
4. Eprite settings

= 5Set the beginplng {head)
registers LR#5 and Rellg
sprite pattern generator
eprites, see¢ the section

MER 7 & 5 4

addrese of the sprite

attribute table in

and set the beginning (head} addres= cif the

table in regicter R#s,

on SFRITE MODE 2.
3 2 i 13

R4S tajasfazfanfmel s T {1
R#11 Fofofotfololfo {melas]
146 Lo | o [aeimsiae]msuz]an]

48

For details about

L&B

Sptite attribute table
base address teoister
Sprite pattern gererator

table base address
Leqister
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Example of VRAN alioccation in GRAFHIC & mode

CHOaaH
Patters
Name
Tab:le
04000k
GBOCOH
QFGODE
’ 4 Sprite
182 line i generator
Gcodan - hable
212 line * (2048
0B 4G0H . by tes)
N OFBLOH
Sprite
color
table
{312
hytes}
4FAQ0H
Sprite
attribute
ktable
(128
! bytes!
GEOODE GFAROH
148008 EEREREN 10000H

A maximum of 2 pages may be ellocated in
the zame mapner [using a 12EBK-byte VRAM}.

1FEEFH [—————————J

“ oo

49
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GRAPMIL 7 MGDE
Characteristics

- Bit-mopped Graphics Made
- Boreen size H

- Sgreen colars
= Sprite mode
- WRAM area per screen

-

To wuse this mode, the VRAM

Cantrais

= Graphics
= Background color code
~ Hprites

o A

initial Setrings
1. Mode and Register Setting
MEH 7 & 5 &

256 tw)
2EE (w)
256 wolcrs

126F bytes

must bhave 128K bytes,

¥ 212 (h) dots
¥ 182 (n) doesg
(per ecreen)
Sprite mode 7
(Two screens)

VRAN pattern name taole

Les-vrder four bits of RE7

pattern tahle

24

3

2

1

g LsB

i3 1| E 0 IDG IIEE'IEil l*l 1*| 1*
Rl | g |BL IIED! B*l ﬂ*l 2 ISE

wc_’ ¥ode

:%é] Mode

EIY {ws jue |re fou [vr T o fsenlew | soce

R#9 [t [ o Jst [so Tz feo wnr|oc | ode

* Examples of settings in GRARHIC 7 mode

** Indicates negative logle

register
recigter
register

recister

VRAM aprite attribute tabtle, VERAM sgrite

[ =]

In GRAPHIC 7 made, if LN is set to 1, the screen height is 217 dobs,
and if LN is set to O, the screen height 1s 192 dots.
All other bite are gpet accordihgly.

ag
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2. Pattern name tabie settings

- The pattern name tible is composed of one hyte for every dot oo the
SUEEEn. & ocoler cap be ascigned for each dot from a selection of
2158 colors.

(@, O+}11.00 E i{254, g1 t25s, @

o, I €385, 1)
¥ 1%, ¥}

(0,191 £255,1981)
PR ddanm m A ke b4 - 4k dadLA L Ea LR AL IE 4 E F R omT A L = O
18,2115 (255,2113

~ Set the beginning (head) addrese of the patrtern nams table in
register R¥2Z,

L1 I 6 5 4 3 2 i 0 L5B

j:X-d i 1] | 0 Eﬁlﬁ El |1 ] I i 1 E 1 Pattern name table
base address register

Specifies the page to display: in the G#
and 7 medes only, the locaticn of the ALG
bit differs.

5l
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Pattern name tahbie

MEE 7 a 5 4 k| 2 1 Q LER
T T ¥
i [ 0, ol Base address
i i 1
i i [ iy &l Zet the oolor code for each
= 1 4 det in this tahkle,
GREEN .RED ELGE
| |
254 {255, 0
s
256 : B 1)
1 i
1 1
| I
54274 {254, 211!
34271 {255, 211

3. Color regiater =mektings

MEB ¥ & 3 4 k] 3 1 0 L&B

RE7 IED'?|BDG§BB5§BB4|BB3;BBZ|BDIlEDGE Text color/Back drop
color register

Specifies backdrop color
code

4. Eprite settings

- Set the beginning {head} addreéss of the sprite attribute table in
registers R#5 and R¥1l; and set the beginning {(head} addresg of the
sprite pattern generator table in register RES. For details about
Sprites, see the section on SPRITE MODE 2.

»sE T 6 5 4 3 2 1 1] L&

RES [nglmsime[mrfare] 3 [ 1 [ 1 | sprite attricute tasie
riil l 1] ! a 1 0 I 0 I ] l 4] InlﬁlnlEi bage addyresgs reglster
R46 [eT jare [ars[mialara[az]atl] sprite pattern generator
- table base addrecs
tegister
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Example of VEAM allocation in GRAMHIC 7 mode

goooos

Pattern
Nae
Table

040008

08000H

GFROOGH h
. 7t Sprige Torme o r T e

%2 line ‘I generatar

QCGO0H -} takle

212 iine N {2048

DR ADGH R oytes)

QFet0H

. Sprite

. color

iy tahle
(312
byres

DFANGE -
Sprite Yo
attribute TR R
tabie
{1Z2E i

; by tesd ML

GRGEUEH OFRadn

100008 ————t--- Ipatan

: . & maximun of 2 pages may be allocated in
- . the same manner (using a iZ2BK-byte VRAR).

1FFFFi L——l
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COMHANDS

1. Types of Commands
It im very easy to use MEX-VIDED commands to perfocem functions such as

LIKE and PSET for vese with graphics, and for transferring parktys cof the
SCI8an.

Summary of Commands

Command Mame {Cestinatlion [Source Late Fremonic{CMajcmz oyl ican
Figh-gpeed VRAM CRU Eyte BRMME 3 1 H 1
G & VRAN WV RAR Bvte YHMN I 1 1 [
W EARN Y ERAK Byte RMnm 1 1 o 1
W EAN vep Byte H¥RY 1 1 i 0
Logtoal move VAR CEL Lot LMMC 1 o 1 1
[ VRAK Dot LMCH 1 G 1 [
VREAM WRAN Dot Livhn 1 ] a H
VRAM vop Dot LM i 0 0 1]
Line VRAM VP bot LINE G I 1 1
Bearch VAN vy Dot SRCE & 1 1 &
FEet W RARM VI Dot BEET ] 1 0 1
Faint Vi VRAK et BIIRT vl H 0 0
Tnvalid ] o 1 )3
inval id 13 0 1 g
fnvalid 2] f [ 1
Erop 0 [H 1] 0

- Commands are executed in the MSX-VIDEO by writing the data into R#464
ithe Command Register, hereafter abbrevigted CHMR}, and metking bit &
©f status register $42 LCE/Command Execute) to 1. Before this can
be dore, the necessary parameters most be first have been set in
registers RY3I2 to RI45.

- When the command execution is complete, CE ip set e @,

- Te abert a command while it ig being executed, execute a STOP.

- The results of command execution are oply guaranteed during hit map
wode (Graphd to Graph?r.

%4
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2. Fage Concept

The parameters used far the MEX-VIDED are all x-vy coerdinates, In
gther words, the internal command processer of the MEX-VIDED accesses
the entire VRAM area as x-y coordinates of the display mode.

When 2 dcreen is to be displayed, 212 lines of the =zame pagce are

dispiayed {selected by R#23). To select the page to be displayed, use
Ré2.

When a command iz being executed, the contente of the displeay csoreen
are ignored.

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

GRAPH 4 ridress CRAPH 5
DGaQan
(4,0} 1255,00 (g,0) {511,0)
Page & Page @
{0,255) L335,255) g, 255) (311,255}
DBRGOOH
{D,256} (2533,256) (3,256] 1511 ,256)
Fage 1 Pase 1
{8,5113 {285,5k1) 10,5311 {511,3111)
148088
1£,512) [235,%32] 0,512} (511 ,.%212)
Page 2 Page 2
({0,767 L255,767} (a4, 76T (31,7860
laoeon
(R;768) {255,768} {8.768) 153 3 a2+
Page 3 Page 3
(D,2023) {285,1023%}) (€, 1023 (511.,1023%
1FFEFH
GRAFH 7 GRAPH &
ga0a0y
{0,0} {25%,0} I 1q,a) (531,47
i = Page © Page D
(0,256 . {255,255} [3,255] (211,255}
u LA00DH
(90,2565 . {255,256} 14,256) L511,256)
. Page 3 ‘ Page 1
8511 {255,511} {0,511 {511,511}
IFFFFi
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3. Eongical Operaticng

Whern the LIKE, PSET, and LOCICAL MOVE copmands  are  executed on  the
MEX-VIDED, the operations may be jerfcrmed on the colcr or the soreen.
To do logical operaticns on the MEX-VIDED, write the lower four birs
of  R#46  iCommand revister) simultanecusly when you specify the com—
e R

Suymnary of Logical Operztions

nare Cperaticn EOMLO2 LG ECD
IMe Di=5C

AND D= GC*DC

QR

LGR

NOT

TIMT if SC=C then DO=0C else DO=SC

TANT if 5C=C then DC=HBC elge DO=SC*HC

TOR if 8C=0 then DC=0C else DOSSC+DEC _
TEOR if SC=0 then DC=DC else DO=SE*BO+ECADC
THOT if 8C=¢ then DO=DC elze DU=EC

ek ot e e bt e e e O O3 T 4D 3 92 O 4E
e - e N - 1-- -
Pk bt 3 S e e S 3 b e S e R e O
= IR =L I R g e =S

* 5C v Source Color code
* OC = Destinaktion Color code
* BOR = Exclusive QR

1.
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4. Explanaticns of Commands

4.1 HMMC (High-zpeed move CPU to VEAM)

Yhe EMMC command transfers data £rom the CPU ko the Video or expansion
RAM in a specified rectangular ares (in x-y ¢oordinates) via the M5X-

VIDED.

Gince the data to be transferred is done in units of one byte, there
is & limitation, according to the display mode, on the value for x.

Videg or Expanzion RAR

(DX, DY}

NX

=¥ DX

MER~- TPy

NY

4 DIy

VIDEG] +—

4.1.] HMMC Execution CGrder

l. PFirst, set the necegsary parameters in the command register of

the MSA-VIDEQ.

HED: Select destinaticen memory

G: %idea RAM
1: Expansion RAM

3L 4] Basi¢ #-covrdinate of destimation {0 to 511 *I
by : Basic y-coordinate of destination (¢ te 1023)

HXs Dots ko move
i o] fots to move

¥l HNote that in the
the G5 modes, the

in x-directicn (0 to Bii) »]
in y-direction (& te 1023}

G4 and G¢ modes, the lower ore bit, and in
lewer btwo bits, are losk,

DIX: Directicn for KX from x-coordinate of destimation

DI¥: Directicn for NY From y-coordinate of destination

§: Right
1: Left
: bown
1: ©p

CLE (R#44:Colar reqister):
Firat byte of data to be transferced

2. after you specify the above data, execute the command by writ-
;ng.;hi 1100800¢BR into the CHR(BIG:Comrand register).

3, While Ehecking TR and CF in Status Register 542, eend the
second byte and &ll bytes folloawing into the {LR register.

....... e

a7
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4.1.2 Setting up the AMMC registecr

Map 7 ] & 4 3 2 i 0 1.5B

L5368 D7 |0X6 | DR {DRAIDEI|DX2{DEL{DXO
Bx
R437 0 0 a ] o { 0 iOXE
Basic
deatinaticn
R#21d DETIOYE |DYS |DY4IDYIfpY2Inylieyd paint
DY
R#219 0 0 { sl il ¢ IDYSIDYE
ma 40 MET [ MXG | MKES | N4 RN [ M2 ENAL] NXe
BE == Kumber aof dots
R# 41 ] Q G 1] G g a jNYe to transfer,
w-directian
R$42 MYTIhYE RS | e | med] wya | nvi)uve
BY ~= Kumber of adots
RE43 il i a (] 0 0 jnya|uve to transfer,

y=difrection
Ré44 [CE?ICRBICR5IC“4|CR3ECRzlcnlicROi CLR (T4, 6} —

L] LT ]

K=2H X=2h+]l (h=0,1,...127)

LFR?iCRG|CR51CR4ECR3§CRZiCRIiCHﬁi CLE (Gh} } Data to

l_“-J i I ' ; ! transfer

X=4K A=4N+l  K=dh+d  Kedp+3 tR=0,1,...127)

1cn?|cas|casIcniicn3§cnz|cn1|caa| CLR (€7} —

L PP

Cne dot

R#45 G - HXDI -~ |BIY|DIX{ - - ARG — Argument

reglster
L— Bata trancfer direction {(x)

Data rrangfer direction {y}
Pata destination select
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4.1.1 Execution of HEMC commancs
MSp 7 [ k) * 1 1] L5R

RE46 l I i 1 [ H ] b [ - [ - { - ] - I CHR

4.1.4 FPlowchart of HMRC execution

[Setup MsX-VIDED |

iExecute Command[

i
{Read Status Register 44 ]

End of Command?

Ho (CE=1}

Tranemit Reﬁdy?

Ko (TR=Q})
Yes {TR=l}

Data Transamit

HMHC END

59

Yes

CE=0)
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4.2 YEMM [(High-speed move YRAM to VRAM, vy only)

The YMMM command transfers data [rom the aresa specified by DX, EY, NY:
BIX, DIY and the right f{or left) edge of the Videa RAM, in the y-
directivn determined by DY,

Video or Expansicn RAM

(DX, DY} l

(O, 5T}

— DIR
I [T

1 DIY

4.2.1 YMHM Execution Order

1. Flest, set the necessary parameters in the command register of
the BSX-VIDED.

MXD: Select degtination memoyy
0t Video HAR
I: Expansion EAM
L¥; Baslice y-coordinate of destination {0 to 1023}

s Basie x-coordinate of source point {0 to 511} *1
E¥: Bagic y-coordinate of source point {0 te 1023}

HYs: Dots to mowe in y-direction (0 to 1023)

*} MNote that in the ¢4 and 46 modes, the lower one bBit, and in
the G5 mode, the lower twoe bits, are logt.

QIK: Direction for x-coordinste of scurce point o the right
ar left end of scraen

:  Right
br Left
D1Y: Direction of source point £rom RY
0: pown
I: Up

2. Mfter you specify the above data, execute the command by
Cwriting PP R OE OB BB into the CHRIRM4AiCommand recister’.

‘3. The above procecdure will execute the YMMM command in the MSX-
VIDEQ. While executing the YMMM command, the CE bit of the
status tegister 15420 will be set to 1, and when the command is
complete, it will be rezet to O.

&0
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4.2.2 Ffetting up the YMEME register

kSR T & 4 4 3 s 1 0 L&B
LE34 EYT | EYE | 50| 5vd | B¥3tEY2|8Y1| 5YO
5y
R¥35 o bl 4 a 0 o | EY9 | 878
Basic bronsfer
R¥3E !ﬂX? DXGIDXS [TXAIDXIILGNZ]DRLEDRD poi sk
JEFY
ra3r [oiolaolajo]ojpxs
I%3E Y7 |DYG|DYSIDY4{D¥1 |DYZ|OYL1|DYOD
oy Destinaticn
RE3G 0 G 0 ] 1 0 |DYS |[DYB trarsfer peint
nH#d2 MYTINYE [ NYS | MY4 | NYI ENYZ | KY1 [RYO
Y - humher of deto
R%42 g 1] 4] g g ¢ [HYS jNYS Lo transfer,
- ydlrection
RE45 | 4] i - iHKD! - EDIYIDIKI - ; - I ARG — lroument recister

4.2.3 Executlon of YMNMM Commands

HSE 7

&

5

&

)

1

o

R 46 |1|11119

-]

Pata tranafer directjion ix}
Data transfer direction iyl
Data destiration select

L5B

T o
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4.3

HMMM

[High~zspeed move VRAN to VEAM)

The #¥MM cotmand transfers data in & specified rectangular
the WRAM ar the expansion RAM to the VERMM or the expansion RAM,

Since the data to be transferred is done in uwunits of ohe by
ig a iimitation, according ta the display mode, an the value for u.

2.

Video or Expansicn RAM

LS%, 51
= hX
by

=¥ DIX

p1Y
DX, i7)

area from

te, there

HMMH Execution Order
First, set the hepemaaty paraceters in the command register of
the MSXE-VIDEQ.
MXS5: Select source memory
i: WVideo RAM
1: Expansion RAN
MED: Select destination memory
G: Video RhM
1: Expanaion RAM
SK: Sourge poink E-coordinate {0 to 51i) *1
5 ) Source point y-coordinmate {0 to 1022}
NK: Dots to move in x—-direction (0 to 511} #1
WY s Dots to move in y-dltection (0 ko 1023}
BIX: Mrection for KE from souree point
g: Right
I: Left
LIY: Direction for XY from source poing
&: Down
Iy bp
DX Bagsic x-coordinate of destination (0 to 5113 *1
DY ¢ Basic y-coordinate of destinaticn (L te 10230
*1 Note that in the G§ and G modes, the lower ore bit, and in
the G5 wmode, the lower two bits of S%, B,

and N,

are 1losk.

Bfter you specify the azbove data, execote the command by writ-
ing ¥ 1 01 08¢ ¢ 8 inte the CMRI{R¥46:Command reglster).

&2
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2.

R32
E¥33

B#34

R#35

R#36

R%37

R#18
R#39

R¥40

B4l

R¥42

R#43

R¥45

4.3.3

RE 46

The above procedure will execute the HMMM command in the MSE-
While
status register

VIDED.

compl ake,

executing
542t

the
will be zet to ), and when the command is
it will be reset to 0.

Betting up the HMMM reg.oater

EMMM command, the CE bit of the

M 7 ] 5 4 3 2 i a LEB
SRT|BKE | EXGIBXS) 5K SK215X1]5%0
8x
o] 1] 0 [i] 3] el ¢ |5XE
gagic btrensfer
paoint
EYI I EYEiEYS|SY4{ BYI[SY2} Y1 |SYD
=Y
1] Q 1] a 0 8 |57%)sYa
DETIDXG |DXSIDXS4 | DXIITX2{DX]1|DXD
S
] 1] 0 G ] 0 0 |Dxe
Pestiraticn
transfer poing
DYTIDYGIDYSIinYd LY 3 | DY |BY1iDY0
DY
0 4] ] G il 0 |Dy9foya
EXTIENG RS KA MR ERKZ EHRE | MR A
X — XNumber of dots
i g ) 0 0 G 0 [HKE to transfer,
r~direction
BYTINYE | NYS] RS [HYIjMYZERYI| NYS
HY - NMumber of dots
0 i] G 1] ] O FPNYY|HYR ta transfer,
y-directiaon
E ] [ - iMxn[st[ﬂIYiDle - | - I ARG
Data transfer direction (x)
Data transfer direction (yi
Saurce mepary Belect
Destination memory select
Executing the HMMM command
5B 7 ] o 4 3 2 i 0 L=B

LT o

63
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4.4 HMMV  (High-speed move WVOP toe YREAMD

The WMMV command is used to paint in a specified rectangular  area  of
Lhe WRAM or the expansien RAM.

Sirce the data to be trarsferced iz done In unite of one byte, there
is & limivation, according to the display mode, on the value for x.

Video ot Expanzicn RAM

DX, DY)

= OTX
¥ M5x-
Y WEIDED

4.4.1 HMMYV Executicth Order

1. Pirst, aet the necessary parameters in the command regiscer oof
Ehe MSK-VIDED.

M¥D: Select destination memory

G: Video RiM
I+ Expanaicn RAM

Kis Dote to move In x~direction 8 ta 5111 *1
HY: Bots to move in y-direction (0 to 1023)

DIX: Direction for 85X frem source peint

O: Eight
1: Lef:
DIY: Directicn for NY from source point
G: Down
I: ®©p

Lx: Basic X-towordinate of destination {0 to BIir +I
BY: Basic y-coordinate of destination (0 to 1023}

*1 FNote that in the $4 and G6 modes, the lewer ore bit, and in
the G5 mode, the lower two bits of DX and NX, are losot,

CLR: Color code data

4. After you specify the above data, execute the command by writ-
ing 21000000 into the CMR.

3. The above procedure will execute the EMMV command in the MSE-
VIDED. While executing the HMMY command, the CE hit of the
tatus register {502} will be =etr to 1, and when the command is
complete, it will bhe resef to 8,
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4.4.2 Setting ug the HMMV register

Kmss T & 5 4 3 2 1 O LA

réi6 DETIDEA IDUS DR ORI FDA2EIDK] (DD
ik
R#3T 14 ¢} O a O a o |[nxa
bPestration
. transfer peint
RElg DYV |DYGREDYRILYA [DEI]DY2{DYLIOYO
Ry
E430 14 o & ¥] G 0 [DYS|DYER
241 MATINEG] NS KSR 2| X 2| WXL FRA
Y, — XNumber of dotco
R#41 il i} M ] g Q 0 fHxa to branefer,
sedirection
REd2 RYTiwye! HYE Y4 {my3 (Y2 | LYL|NYO
Y — wumber of deto
Ré43 & 1] [\ f 0 { FNYY | NYB to transfer,
y-direction
R#da ]CR?iCREICRBECRiiCRHECRQiCRliCRQI CLE {G4, GB} =
X=dh A=2 H+1 M=g,1,...1273

|CRTlCRGlCRSECR41CR3]CREICRliCRU] CLR (g5)  pata to

| R

XadH Eeqh+]l  X=db+d  K=qh+ed (h=l,k,...127)

[CR?]CRGICRE}CR4ECR3iCREiCthCRUi CLE (G7}

LI T I T

Cne dot

RE4S ] - !HKD! - IDIYiDEKl - E - i ARG

i— Data transfer directicn (x!

bata transfer directicn iy}
Pestinatlon memory select

4.4,2 Executing the HMMV command

M3R 7 L 5 4 k) 2 1

Re46 f 1 | 1o l o E . l - E _

=

LSR

CHR

]

2 TR L L
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4.5 EMMC (Logical mowe CPU ta VRANG

The LMCC command trassfers data from the CPU to the Vides OF EXPAnSion
RAM  in a specified rectapgular area (in ¥~y coordinates) viz the M5X-
VIDED.

Eince the data to be trahsferred ic done in  units af  dotes  losical
Cperations may bLe done on the destination points,

Vidieo or Expancion RAM

0%, o¥)
— IR
KX MIX- CBY
Y VIDEG] ——e
| nzv

4.5.1 LMMC Bxgcution Order

1. rFiret, set the nececsary parameters ip the command register of
the MSX-VIDED,

MED: Select destinstion memary
0: Video RaM
}: Expansion RaAM

DX e Bazic f-coordinate of destination {0 to SEI}

oY: Basic y—coordinate of degtipation {0 to 1023

NK: Bots to move in x-direction {0 ko 511}

Ny Bots to move in y-direction {0 to 1023}

DIXK: Dirvection for KX from x-coordinate of destination
f: Right
l: Left

VI¥: Direceiecn £o0r NY from y-coordinate of destination
0: fown
l: Gp

CLE: First bwte of data to be transferred

2, Afrer you zpeclify the above deta, execute the command. Weite 1
0 1 1 8® into the higher feur bits of the command reqister
ICMR], and place the logical creratfon code in the lower four
bitz af CMR.

3. While checking TR and CE in Status Regiskter S#72, send the
second byte and zll bytes Follewing into the CLR register.

66
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4.3.2 Setking up the LMMO ceocicrer

M5B T & 5 4 k) 2 1 o L&

28 ). CXTIDEGEDES LA DEIfDRIEDELIDKD
34
R#37 0 i o ] l ] O [Dxe Basic
destination
point
EaiR DY EOYE|DYSELY4 (Y3 I0Y2EDYIERYQ
oY
[ R & Q a Q ] 0 {DYY|DYR
By 4G NXT| KRG | KRS WX a | WX RX2F MM L] kXD
5L — Kumber of dots
Fh4l o 4] 0 il G 0 0 {HKB te transfar,
#-directian
Rydz WY TENYE P NYS [NYE | MYD [ RY2ENYL NY D
KY — Mumber of detc
E443 i 4] ul Q ol O fHYS|NYg ko transfer,
y~divection
Bédq L i 1 E CREICRE%CRI]CROI CLR (G4, G} —
I I I ! i CR1 Cﬁﬂl CL& {e5) : Data to
trarsfer
[_F?itkﬁiCREICﬂi]CRS!CR2§CR1]CRO| CLR (67}

R¥45 I 0 l ik AH]

IDIYIBIK% - | - i ARG

Bate transfer direction (x)
Data Eransfer directian (y)
Raty destinaticn select

4.3.3 Execution of LMMC commands

HER & g ) 3 2 I3 i L5
REdS {_} E s I 1 [ 1 ELGEILCQ'LGIILOU} cuR

L

Logical operation
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Flowchart of LMMC execution

[ Setup MSX-VIDEQ |
I

[Exevute Commend |

I
[Bzad Status Register i2]

He (CR=l)

—_—

Trangmit Ready?

Ho (TReD)
Yes (TR=1}

nghsmit Latea

(L LMMT ENR ;

58

Yes (CE=0)




RS

WAU2E MEX-VIDEO USER'S MANUAL

4.6 LMCM (Logical move WRAR Lo CRD

The LMIM command transfers data fron the Video or expansion RAM tu the
CPU, in a specified rectangular area (in x-y coordinates) wis ihe
RMSX~VIDEQ.

The data is trangferred in unitsz of dots.

Video or Expancion RAM

tEX, BY)
o DX
KX KEK~ Clhu
WY Y EIDED | e
‘ DIy

4.6.1 LMCM Execution Crder

1. First, set the necessary parareters in the command register of
the MEX-VIDED.

BEE: Belect source memoty
8t Video RAM
i: Capansicn RAM

EX: Basic x-coardinate of source point {0 to 3113
£Y: Basic y-coordinate of soucce point (0 to ID23)

Rx: Bots to move from source polnk in x~direction (6 to 5110
WY Dots to move from source pelnt in yedirection (0 to 18231

DIX: Directicn for ¥¥ from x-coordinate of source point

J: Right
1: fLeft
BI¥+ Direction For NY from y-coordinate of source poing
O: Down
1: up

After you specify the above data, execute the command by wrjr-
ing 101 00 Q0D 0 B inte the CHR.

3. Wnile checking TR and CE in Status Reqister £%2, read Status
Rugister E#7.

£%
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4.6.2 Setting up the LMOM register

1= & = 4 3 2 1 a L5H

nE3Z SXT{ERE {5X5 {5N4 [8x3 552 841 [8x0
L%

[ ] 1} a 0 n} fl 0 0 [ex& Bagic¢
ECUrCe
poine

E#34 EYT7ESYO ESYS |8v4 JE¥3{sveisyl sy

oY
E&35 & i G Q a 0 {5¥9|S5YR
RE4G0 WAY VRNG NG | WA [HNT | NXZ I NK] FRXD

KX —~— Number of deots
E#4l & £} g 0 ol 0 ¢ inxe ta transfer,
i=dirvecrion

R¥ 42 EYT IRYE [HYS | NY4 [RY3 jhyZ2 [Nyl INvn

RY — Number of dote
R#43 1] ] ol G 1] 4 |H¥9fnYs to transfer,

y-direction

Re&s E 0 ! - | - 21-‘;35 ﬁIYIl}Ix[ - ] - E ARG

Dats transfer direction (x!}
wie——— Data transfer direction {y}
Bource memory salect

4.6.3 Executien of LMCHN commands

MsB 7 & 5 4 3 2 1 o0 LB

we Do ST -1-]

S47 & 4] & 0 [¢3 jc2 |Cl lco Status Register sS47 EG4,}
Gé

SE7 Dloa|aio]e]| o]elico | status Register 547 (05

547 E? cs tcs |rcc ca ||:2 €1 Icu-i Status Register S#7 (G7)

TO
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4.6.4 Flowchart of LRCM execution

LMCM START

[Setup HEX-VIDED |
!
|Execute Command |
I

1
[Read Status Register #2]

ransmit Ready

Ne (TR = 0
Yes (TR=11
|Fead Stakus Register #7]
1
gy
Ne (CE = 1}
Yes ICE Ui

LMCM END

Hoteg 1. TR must be reset bkefore the command is executed. Read
Status Register &7 when you set up the MSX-VIDED.
Z. Even though the datz iz set in Status Register #7 and TRel,
the command wiil be completed within the MSX-VIDEQ and CE
ig set to 0.

TSR EEREEER RO U I L e LS

Tl
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4.7 MMM (Logical move VEAM ko WERAM)

The LMMM command transfers data in a specified rectangular area  Lron
the VEAM or the expangion RAN ta the VRANM or the expansion BaM.

Since the data to be transferred is done in unitz of dets, logical
operations wmay be done on the destinaticn data.

Wideo or Expansion RAM

(54, 8T

4.7.F LEMM Ezecution Qrder

. First, =et the necessary paraneters in the command register of
the MSX-VIDED.

MX5: Seleft source memary
0; videc RAM
l: Expansion EAH

MXD:  Select destination memory
1: Video EAM
l: Expansicn RAH

S¥: fource point x-coccdinate 1D to 5ki}
5Y: Spurce polpnt y-coordinate (8 to 10230
¥ RBots o move it x-dirvection {0 to 5110
NY: Dots to move in y-divection (& to L0Z3)
GIX: Direction fo: KX from gsource point
0: Right
it Left
LTY: Direction for NY From soutee point
0: Down
1: Up
DY Basic x-coordinate of destiration {§ to 511)
oY: Bazi¢ y-coordinate of destination €0 to 1023}

2. After you specify the above data, execute the command. Wrike 1
0 &1 8 inte the upper tfour bits of the command register [CMR)
apd the logical operaktion into the lower four bits,

T2
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1. The above procedure wiil execute the LMK command in  the SN«
VIDEAD. Wihile executing the LMMM command, the CE bir of the
status register (2420 will be get te 1, and wher the command ig
complete, it will be rezet ko 0.

g s

R#33

R#14

R#15

RE36
Ri37

i Y

R#39

RE40

Ee4l

R#42

R¥43

R#45

5.7.3

R4 a6

Setbing up the LMMM register

¥sp 7 A 5 4 3 i 1 [ )

SNV ORE{SXC[SXAFSKItaN2 | sxl]Sxs
ax
i o] b a i} 0 a0 [EXE
Basic trenaler
Foint
SYViEXe sy Evdisyl | sva)lavl | 5vn
oY
4 a 0 [ 1] 0 rsys|sve
DRTIDXE DU nn4 LRI |or2 (prl loxD
ox
[\ [ 0 G 1] 0 ¢ [DXE
Destirabion
tranefer poin
DY DYEEDYS DYDY fDy2{DyL fnyD
DY
] 1] ] 0 ] ¢ |DY9 D¥8
NXT | NXE | NRS | KX 4] RX3{ Bx2 I Mx] i nke
BX — kumber of dotcs
[t 8 1] a i3 23 ¢ | te bransfer,
i-direction
NYT P RYVE | WYS NP4 [ NYT INY2I Y] fhyD
HY = Number of dotsz
] a ] 3] 1] 0 | HYe [nYR ko transfer,

y~Zlrection

l_f I - EMKEEMXSIDIYIDIK] - { ;_} ARG
L

Dakta bransfer divection {x:
————==+— Data transfer direction iy}
Sauree memory zelect
Destiraticn memory oSelect

Executing the LMBR command

M5B 7 & ] 4 3 2 il 4] LSg
Ll ] 2 l 0 [1 !LG]!L{JEELD]ELDEI CHR

Laaical operation
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4.8 LMMV {locical moye VOP to YRR

The LMV command paints in a specified rectangular area of the vVideo
or Expansion RAM according to 4 specified coloer code.

The data is transferred in units of one det, and a logical oreration
FHay be done on the destination datas.

4.8.1

WVideo or Expansion RAM

D%, DY)

- DIX
KX MEE~-
®Y VIDEQ

l PIY

LMMY Execution Order

First, set ths necesgsary rarameters in the command regizter of
the MEX-VIDEO.

Mi{: Select destination memory
d:  Video RAN
l: Expansion RAN

MX s Dots to move in s-ditection {0 to 5112

WY : Dots to move in y-direction (0 to 1823)
PId: Direction Eor NRE ferom source point

f1: Right

1 Left
LEY: Birecticn for KY from gource point

0: Down

l: 0Op

DE s Bagle x-coordinate of destination (& te 5113
DY« Basie y-coordinate of Gestination (G to 1023}

CLR: Cplor code data

Efter you specify the above data, execute the command, Write 1

000 B into the upper Four bits of the command register {CMR!,
and the logical operaticn inte the lower four bits of the CMR.

The above procedure will execute the LMMY command inn the MKSX-
YIDED. While executing the LMMV command, the CE bit of the
statug register {52} will be set to 1, and when the command is
complete, it will be reset to 0.
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4.B.2

Re16

R$37

3 3

R#14

Ri 40

R#dl

Ré42
RE43

REdd

R#45

4.B.3

RE4E

Setting up the L&V recister

MER 7 ] 5 4 3 2 13 o
DX7 [DXEDAS [ON4] DX IIDXZ DX | BXD
a O & 0 Y 1} 0 |DX8
DYTiDYelDYS{DY4|DYI|OY2|DYL{DYD
a [t} 1] g G 0 |DYS{DYE
NETTONGE MNS PNMSE NN | NM2 | MK 1| M0D
a Q ] a g { 9 [NKE
wY'T | e nys | wed | nyainva vl | wve
Gl g0 i0§ 0| 0 [NYS|NYR

Ielaieinlmlczicz!cai

feloiojoio]oe[efeo]

[ Tee Jos Jot Joa [z [oa [0 ]

Lol - ool - forvfore| - | - |

L5e
PX
Destinaticn
transfer paint
oY
HY =— HNumber of dote
to transfer,
X-glrection
Y — Number of dots
to transfer,
y~directiaon
CLR (G4, G§) =—
CLR (G533 - Data ko
tranafer
CLR {G7) —F
ARG

Data kransfer direction [(xi
Data transfer direction (y)

Exacuting the LMMV command

MEE

&

5

4

3

2

1

0

E

Destipaticon memory select

L5B

E o ] g i D |L031LDEIL01‘LOQE CHER

75
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4.9 LIKE

The LIME command draws & straight Line in kthe Video or Bypansion RAM,
The line drawn lg the hypoteruse that results after the long and short
gides of a trisngle are defired. The two sides are defired as

distances frem & single point.

Video or Expansion BAM

DX, D7)

4.9.1 LIKE Emecubkion Crder

P, First, s=et the pecegsary paraceters in the command register of
the MEX-VIBRELD,

M¥D:  Select destinatice memory
0z WVideo RAM
1: Expancion RAM

Fai: HNumber of dote tn long side {0 te E023)
Min: HNumber of dote in short side !¢ to Sii)

Mt : Divection for long side
0: Long side 1z in x-axis . ]
l: Long side ils in y—axie (or x-axis = y-axis)

PIX: Direction from source paint to end point

0: Right
l: Left
BI¥: Direction from scurce polnt te end point
Gz  Down
Iz ugp
D¢ Basic x-coordihate (0 o 511D

Y. Basic y-~coordinate (0 to 1021)

i, After you specify the above data, execute the command. Write &
I 1 1@ inte the upper four bite of the command regleter {(CHRI,
and the logical operation into the lower four bits of the CMR.

3. The above procedure will execute the LINE command in  the HiX-

VIDED. While esxecuting the LINE command, the (F bit of the
status register [(S#2) will be set ta 1, and when the command is
compl ete, it will be reset to 0.
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4.%.2

R#16
R#27

R#38

R#3%

RE40

F#4l

L#42
R#43

RE48

RE45

4.9.3

R 46

Setting up bhe LINE register

MSB 7 ] 5 4 3 3 i a
DRIIPRGEDXS | DESFDRIIDRZ DXL | DX
8 a 0 4 g ] o joxe
DY7{DYEDYS{bY4 (Y3 ]DYz{DYlinyva
a o] 1] ! v 0 {DYsiDYS
MI7INFE P MISFME4 {MI3 I MI2 AT [ MDD
0 13 ] G 0 O FMIG[MTB
MITEMIG|MIS{MI4[MTI{MIZ %11 |MIG
& 0 4 o 0 & 0 jmig

Lo fele]e

c3 ECZ ECI iCO [

LT

8 ! 0 iCI iCO 1

lg? ICﬁ 155 lCi lﬂﬁ ECZ [Cl ICG I

l 0 | - IMXD! - !DIYEDIXI - IHAJ¥

Executing the LINF command

HER 7

&

&

4

3

2

i

1]

1&g

bx

by —
Maj (ME}
Min {WY)
CLR (¢4,
CLR (€5)
CLR (CT)
ARG

Basic point

~humber of dots
ir long sixde

=Number of doto

in shaort side

GE) -

—4- Pata to
Lransfer

Long Side direckion select
End point direction (x!
End point direction (y)
Destination memory select

L5R

EERE [1 iLD3iL02iLDlILGﬂi CHR

77

bogical operation




VHFI1E MSX-VIDED USER'S MANUAL

4.10 SRCH

The SRCH commahd searches for a border colar inh the Video or Eapansion
RAM to the right or left of @ basic point.

Video or Expanzicn RAM

(8%, 572 DI¥

. e

éorder
Coler Point

4.10.1 SRCH Execution Qrder

l. PFirst, set the neceesary parametsrs in the command register of
the MSX-VIDEQ.

MEKD: Select search memory
0: Video RAM
l: Expangion RAM

DiXk: Directios from source polnt to mearch

dr Right
1: Left
Eg: When 1. ends execution when botder color ir found.

When 0, ¢nde execution when a color other than the
border opler is found.

S¥: Basic x-coordinate for search (& to 511}
5Y: Basic y-coordinate for aearch (0 to 1023)

CLE: Color code data

2. After you specify the above data, execute the command by
Writing 61 1 ¢ ¢ 0 0 8 B into the CMR,

3. 'The above procedure will execute the SROH command in  the NS~
VIiDEC. While exegotiny the SRCH command, the CE bit of the
status register (242) will be set te 1, and when the command is
complete, it will be reset to 0. If the color Is found the BD
hit is set to 1.
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4,18.2 Setting up the SRCH regisrer
MER 7 £ 042 e 1 U LSB

L33 SXT| X6 {585 | BXd} SXI[ox2] 5XN1] BRO
244
R#33 0 ] a ] 0 il { |5XB
Bagic point
for search
R#34 BYTESYS |SYSISY4{SYI{Sy2fsv1sye
sy
R433 0 ] 1] 0 0 0 EEYEESYA
Red4 | i I G } ] ] 0 |C] ICZ iCl ;CU E CLR (G4, G6F —
Barder
i ] 1 ¢ [ ] I g l 0 I 0 ICl 1CU E CLE (&9 tcaior for
- search
EC? }Cﬁ ICS IC4 iCE [CZ ICI ICU i CLR (7]
Rid5 { - [ - IHXDI - I - iBEX[EG I - I ARG

Command end condition
Search direction (x)
Search memcry select

4.10.3 Executing the SRCH comrand
e 7 & £ 4 3 2 1 § L&
R# 46 E D 1 1 i 1 0 1 - | - t - E - 1 CHE

Status registers

w [ L)

Set to 0 at end of command
Set to 1 if border coloe

ig faund
548 BX7IBXKE {BXS B4 [EXI{BXZ |BX1|BED Location where border
coelor waz found
B9 i 1 )3 i 1 1 I |exa -coQrdinate?

79
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4.10.4 Flowchary of SRCH exegution

[Setup MSX-VIDED |
I

.

{Execute Command |

{
| Read Statue Register £2]

T

Ng (CE=1}
Yes (LE={)
--l Mo (BD=0)
Yes {(BH=1]

| head Status register $87

¥
[Read status Register #9)

a1
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4.E1

ESET

The PSET commahd draws a dot in the Video or Expansion RaM.

& legical cperation is done cr the datz of & dot that is already
displayed.

4.11.1
i.

Video or Expansiqn RAN

(X, DY

BSET Execution Ordey

First, set tkhe hecessaty paraneters in the command tegister of
the KEX-VIDEC.

MXD: Select memory
¢r Video RAM
i+ Expansion RAM

DX s x-coordinate of dot (0 te 511)
DYz y-coordinate of dot (0 to 1023}

After you specify the above datsa, execute the command.

Write @ 1 0 1 B inte the high-order four bits of the command
tegigter (CMR} and the IJogical operation into the low-order
four bits of CHR.

The above procedure Will execute the PSET command in the MBX-
VIDEQ. While executing the PEET command, the CE bit of the
status register (562} will be set to 1, and when the command ie
complete, it will be reset to €.

ax
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4.11.2 Setting up the PSET reglster

MER T 6 5 4 3 2 1 D0 Lm

R#le BXT{RXE{DRA{DES{DXIIDX2{ DRI DXY
RY37 a Y { o o & g |Dxe8 Px
Baslc point
R34 DY7{DYBEDYSERYd{EYI[DYZ|Dvilnve
R#35 ¢] ¢ 1] g 4] 4 1DY¥Y9| O¥e o
RE44 ! & | 1) ! & i 3 |C3 C% {CI |Cﬂ I CLE (¢4, G6)--

lCT ]cﬁ Ecs [c4 E 3 jez el |ca } CLR (C7) merrrd

fez |
Ledefofofofofafe] anwn —rseran

jez Jes

[-1-

peas o | - fmo] - |- | -1 arc

Memory select

4.11.3 Executing the FSET command
sp Y 6 5 4 12 2 1 0 LEEB

Réd6 ! 1] | 1 E o | 1 |LﬂB¥LDZILOliLOGI CHMR

Logical operation

832
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4.12

POINT

The POINT commpand draws & dot of the oolor gpecified in the WVideo ov
Expansion RAM.

Video or Expansicn RAM

(5K, 5Y)

4§.12.,1 POINT Execution Crder
I. Pirst, set the necessatry parameters in the command reqisker of
the MEX-VIDED.
MES: felect memcry
0: WVideo RAM
it Expansicon RAM
EX: x=covrotnate of dot (0 to 5110
S¥3 y=coptdinate of get [0 to 1023]

Z. After you specify the above data, execute the command by
writing ¢ 1 0D 0 0 0 ¢ € B into the CMR.

%. The above precedure will execute the PQINT command in the MEX-
VIDEQ. While executing the POINT command, the CE bit of the
statug register (542) will be set to 1, and whenr the command ig
complete, it will be reset to 0. The colay code data g set te
status register (5#7).

4.12.2 Setting up the POINT registet
Msg 7 & 5 4 3 2 I o LEB
R#32 SRTENA|BK5I8E4{5X3 |8X2 §5K] 15X
55
Rd33 B0 0 [ g |0 ¢ |EX8
Bagic point

R#34 EYT [SYE JEYE |SY4 |8Y3 152 {87 [BYO .

ki35 o|1¢ |ocjg |0 D {5Y®15¥8

o [P [ ] we

Wemory select

53
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4.52.3 Executing the POINT command
MEBR T & 5 4 3 2 1 4] L5B

Rde l 0 E 1 E 0 | 0 i - I = E - - i CHER

Statug registers

s - -jo -0 e
i—Svet to 0 at end of
command
GHT 0 4] ] O {C3 jc2 jct |ce Color oode (G4, GAR!
CH7 1] Q Q a [ ¢ |CE |L0 i Color code {45
SHY C? (e &5 jcd {C3 ic2 (¢ oo Color code {(GT)

3. Speeding up the processing of commands

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

5.1 Inhibit the display of sprites

If bit 1 of Register R¥B [SPD) is set to 1, processing for sprites can
be used for commands instead: and therefoze the command execution is
taster.

5.2 Iphibit the screen display

If bit 6 of Register B#] (8L} is set tc O, procegsing for the screen

can  be used for commands instead; and therefore the command execution
i& faster.
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6. <Copditions of registers after command execution

Afrer commands on bhe MSX-VIDEQ are execyted, the c¢onditions of the
registers will be as listed in the following table.

sXx | sy b px | oy | mxi wy | cLR {owR H{cLR t| ARG
A - - - * - ¥ - 0 - -
THHM - * - * - * - g - -
EMMM - * ~ * - 4 - g - -
J38.E - - -~ * - f - o - -
e fo- F - o~ v | - |« 1 - |0 | - | -
L¥ch - + |- - - ¢ . 8 - -
Liknt - * - * - ¢ - 0 - -
LMMy - - - * - # - o - _
Ling | - - - * - - - & - -
SRCH - - - - - - - 2 - _

5 FSET - - - - - - - 0 - -
oIt i - - - - - - ’ 0 - -
~ Unchanged

* Coordinate at command end (5¥%, DY*) or color cocde
¥ The count (MYB) when the end of the gcreen was detected

Motet The values for 5Y*, D¥* and NYP are the dots, &5 substituted
For ¥ in the eguations below.

¥ o G¥ + K DY* = DY + H (BIY = &)
5¥% = gY - N pY* = DY - N (oyy = I}
HYE % RY ~ K

{ "LINE"command ==> if MAJ={ then M=

a5
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SPRITES

The MSX-VILEQO can be uzed to display 32 sprites. The size of the
sprites are 8 x 8 dote 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 =creen.,

Since the sprites are nandled in a conveptually independent  scrasn,
they do not affect the data within ather screens.

tS5prite Screend

(0,255)* {255,255+
[5, )
Zprite
CRT area displayed I:v::l
gprite
£0,191}) 1 {255,191
ot - or
0,211 i-—---j (255,21}
Sprite
CRYT area undizplayed

(,2543 £255,254)
*The y~cootdinate of the upper edge of a sprite is 255,

The MEX-VIDEC has two sprite display modes. fThe sprite display mpode
iz aytomatically selected according to the acreen di spl sy mode,

SFRITE MODE 1: GRAPHIC 1, GRAPHIC 2, MULAICOLOR

EPRITE MODE 2: CRAPHIC 3, GRAPHIC &, GRAPHIC 5,
GEARMIC 6, GRAPHIC 7

BE
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1. SPRITE MIDE 1 (GI, G2, M)

1.1 Characteristice of SFRITE MODE 1

In SPRITE MODE I, there are 32 sprites, numbered #D0 to  #31. The
sprites assigned the lower rumbers have a higher priority. on a
singie CRT herizontal line, up to 4 sprites with the highest priority
are displayed. and the overlapping portions of sprites with lower
pticrities are not displayed,

= #3 PHE preeees
3' EE
E}

i S
L
When two sprites collide (their pattern color 1 portions have

overizpped), this condition way be detected since bit 5 of status
register S8 is get to 1.

Lab b, privge et

In addition, If there are f[ive or mere sprites on one horizontal line,
bit & of status register 540 will be set to L, and the lower-corder
five bits will be set to bhe nupber of the Lifth sprite.

1.2 SPRITE MOLE ) Gigplay {61, G2, MO}
To display sprites, use the following cantrols.

~ Bprite size Bf#L biv 1
S5l = t: 16 x 16 dots
5 = §: B x B Jots

= Sprite magnificatiocn R%l bit @
KAG = 1: Double-gize
Haz = 0: Hormal

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

- Setting the sprite atbribute table
2et the gprite's attributes {lts coordinetes, pattern number, and
tolars} in the Sprite Attribute Table of the VRAM (%0 to 431).

1.3 Sprite Actribute Table (61, G2, KC)

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

display {x~ and y-) coordinates, colors, and pattern numbers of the 332
sprites. Each sprite has four bytes of attribute data.

a7
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MEB 7 B 5 4 k. 2 1 o] LSB

T T v ¥
Yocoprdinate (0 to
L

¥ M . ¥
T T +

¥-coordinate (0 ko 255)

i 5 i Iy L i L

Pattern nhumber (0 o 2550 Attribute ares for
; t ¢ sprite #0

T T
255 Eprite atbribute tatle
} bace address

E¢ 0 0 G Color code

Attritete area for
sprite {1

Attribute ares for
sprite #31

B

= Yeceardipate (€ to 255
Specify the y-cogrdinate of the =prite.
If the value Eor the spritets y-coordinate is zet to 204, =zl
sprites with lower priccity will not be displayed. For exarple, if
¢prite ¥10's y-coardicate is set to 204, sprites 410 to #3]1 will not
Le disp}ayed,

=~ X-cgardinate (0 to 255
apecify the x-coordihate of the sprite,

= Pattern number (& to 255

Gpecify the sprite patiern nunber in the =sprite patieyn ogenerator
tabie. Ef  the slze of the sprite is 16 x 16, there will be four
Lprite pattern numbers corcesponding to ohe sprite. In this  case,
¥ou may specify any one of the four sprite pattern numbers.

In the above manner, if al}l sprites are B x 8, there will be 256

posgible patterns; however, 1f all sprites are 16 x 16, there will
be &4 possible patterns.

- Color code (0 ta 15}

Speclfy the coler code for pettern color 1. The color cede for
pattern color 0 will be transparent.

= BC {Early clock!
When this bit is set te L, the 37 dots of the sprite are shifted to
the left. In other words, when this function is used, the sprite iz

moved to the left, cne dot at a time, from the left edge of the
sCrEen.

Left edge of CRT
— 312 dotg w3

i
:
| H | Sprite
H

8E
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1.4 DJprite Pattern Gereratar Table {(Gl, G2, MC)

The Sprite Patbern Generator Table is sn area in the YRAM to  specify
the sprite patteins (its appearapncel. The beginnirg {head)l addrezs of

this area must be Specified in register P46 (Sprite Pattern Generator
Tablie Base Address Register).

The pattern for each sprite must Le written in this arca. Eight kytez
are used for each pattern, for 2 total of 25§ pattétns. Each of the
236 patterns are assigned a sprite patteen number from #0 to #255;  if
the eprite size is B x B dots, each sprite has one pattern, ard if the
sprite eize leg 16 x 1§ dots, each sprite has four patterns.

VRAM
m—1 bylty —

Sprite Pattern Generetor Table
Base Address

— Patkernm 40

— Pattern §1

+

Pattern #2535 (Maximum)

a8
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1.5 Example of Data Sebring for Sprite Pattern Generator
Table (GL, G2, MCI

{X=l, O=0! H=0, 14 + &« . , 255
(Pattern ¥ame Table Base Address [or Ne()

YEB  LSB
76541210 Address Example of 16 x 16 Sprite
QQOOGGoK aR
COUOOERY 8N+l OCOCOQOX ROOD000n0
QOGKANEY - QODOGH X XXX NO0000
QDOOXKKO .  Pettern number 0 COOXEXARAXXXKOOO
COQORROX . QOO K XOO KK KOOy
DOODEXO X . GO EQ A RO R ACCO0
COQOXXXOD . DOOGK KO X KON XS
COOKXXRX  B¥+7 QDX OO XK X000

QOGXKXKAXXNX KOO0
[UL3.4.8.8.4 4 OORN KX NN N AKX KO0
DXEXKEXX . OXEXKXKXNEREKEEO
RXAXAXXX KAKXEXKXKEBK RN
KXERNENY Pattern number 1 EANEXNAENEXXERL X
DOEXXXKOD COXHXXOOOOREXXOD
QOOEXGO0 QOORECOCOOOXRO00
COO00000 QOCOCOCOO0000000
CCOOO000 OCOGRIOOODCO000
ROO0O000
XAXOCO00
XX EXKOO0
CXKKOO00 Pattern number 2 $0 #2
O XHCDO0
KOXXCGO00 il LE]
OXXXCGO0
EXRXRGOO
R RLRACT
XA KXKRED
RXXENANK
EAXNAKEN Pattern number 3
OOXX KRGO
QDX EOOD
COOO0000
Q0000000

~ [f the sprite sice is 16 x 16, the pattern number specified in the
sprite attribute table can be any of the numbers from #0 to #3.

af
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r IPRITE MODE 2 (G3, G4, S5, G, o7)
2.1 Characteristids of SPRITE MODE 2

In SPRITE MODE Z, there are 32 sprites, numbered #8 to #31. The
eprites assigned the lower nruwsbers kave a hicher priority., On a
fingle CRT horizontal line, up to B sprites with the highes: jricrity
ate displayed, and the overlapping portions of sprites with lower
privrities are not dlsplayed.

A [3] [ = 0o
H ) g M EE g

When two sprites collide {their solid porticns have overlappedl, this
copdition may be fSetected since bit 5 of status register S#0 iz set to

1. When this occurs, the coordinates of the collision will be =et  in
states registers SH3 to 5.

In additicn, if there are nire or more sprites on cne horizontal lina,
ik 6 of status register S0 will be set te 1, and the lower-crder
five bits will be set to the number of the ninth sprite.

The colors of the sprite may be specified for each horizontal line.
The sprite pricorities may be cancelled by setting the ©C bit of the
aktripute table, and if sprites overlap, a logical OR may be dene on

the coleors of the sprite. 1In other words, in GSPRITE MODE 1, while

only two colors may be displayed, in SPRITE MODE 2, four celors may be
displayed,

2.3 SPRITE MODE 2 display {(G3, G4, G%, 06, Q7)

To display sprites, uce the following contraols.

- Sprite size R#l bit 1

BT = ) 16 x 1§ dots
EI = {; 8 x 8 dots

g1
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~ SGprite magnification B¥l bit 0
KM = 1: Couble-zize
MARG = 0: MNormal

= Eprite display Egd& bit }
50 = 1: Diszbie
ZED = {1: Enpeble

- Setting the sprite pattorn generator table

Set the sprite’s pakbtern in the Sprite Pattern Genevator Table of

the VRAM (#0 to #255).

~ Betting the sprite color table

Set the sprites™ color, EC, O, and IC in sgeparate lines of the

Sprite Color Table of the VEAM.

- Setting the sprite attribute table

Set the sprite’s attributes lits coordinates, pattern number, and

echorst in the Sprite Attrituke Table of the VEAM {#0 to #31).

2.3 Helationships between the VRAM Tables (G3,034,G5,G6,07!

Sprite Spritsg Sprite Pattern
Color %able Atrribute Table Generator Table
] Base
#0 (4 bBytes!) Address Pattern #0
.14 4 (8 bytes!
{16 bytesl ¥l (4 bytes] B8
] All possible | Pattern #1
. - combinations {8 bytes!
16 . . la
. . Pattern #2
. . {8 bytes!
L 31 . - 24
(1€ bytes} . . . -
iz2 . . . '
496
31
tl6 bytes) 2040
124 Pattern #2855
£31 14 bytes) (B ytesz)
A1z 128 2048

2.4 Sprite Atkribute Table {G3, G4, G5, &6, &F)

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

42
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dizplay ix- and y-) cosrdinates, and pattern  numbers Gf the 32
spriteg.  Zach sprite has four bytes of attribute data.

MaB T & 3 3 3 Z 1 O L &1

Sprite attribukte takle
Yrocordinate 0 ta 25%) - tase address

K-¢osrdinate (0 Lo 23%)

Pattern number (0 bo 235} e Attribute atea for
sprite #C

Eegerved B

4

re— Attribute area for
Eprite §1

— Artribute area for
aprite #31

~ ¥-yoordinate (0 to 295%

Specify the y-coordinste of the sprite,

1f the value for the sprite’s y-coordinate is set to 216, all
sptites with lower priority will not be displayed. For example, if
sprite #10°s y-coordinate §s get to 216, spritez #1D to #31 will not
he displayed.

#-cogrdinate {0 to 255}
Specify the x-cocrdinate of the sprite.

Pattern number (0 to 254}

Specify the sprite ttern nomber in the sprite  patterm generator
table. If the sige of the sprite is 3% x 16, there will be four
gprite pattern humbers correspending to one sprite., In thiz casze,
you may specify any one of the four sprite pattern numbers.

In the above manner, ii all sprites are 8 x B, there will be Z5E

possiple patterns; however, if all sprites are 16 x 16, there wiil
be 64 posaible patterns.

This bit is slways =et to @,

K#5 {arafmrataiz]alrfazofas 71§ 1 | st
i
RH1Y leJejo]olofo Jalslals] ba

rte atrribute takle

address register

Uh-"%
Ci

Mest ober biES “ arcate?

. f\w f‘ﬁj
o CAler  oxs0 .
gi""te .?ﬁ av :kw"'“d ¢otor a3 1255
”}q@l - k 43
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2,5 Sprite Pattern {eneratoy Table (G3,064,03,G8,070

The Sprite Pattern Generatsr Table iz an arga in the VRAW to  specify
the sprite patterns (its appedrance). The beginning (head) address of

thiz area must be zpecified in recigter R¥E (Sprite Pattern

Genarator
Table Base Address Register).

The pattern for each sprite must be written in this area. Eight bytes
are uzed for each pattern, for a total of 24%6 patternzs.  FRach of the
256 patteyns are asgigned a sprite pattern number £rom %0 to #255r  if

the sprite size is 8 x & Gots, e¢och sprite has one pattern, and if the
Byrite size i& 16 x 16 dote, each gprite haz faur patterns.

VREM
-— 1 hyte —=

Sprite Pattern Generator Takle
RBage Addreszs

— Pattecrn #0

o Pattern #1

Pattern #255 (Maximum}

a4
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2.6

- In SPRITE MODE 2,
specified on
transparent].

the color
each Lline
In addition,

for

[eprite
the sprite priority.

sprive
color

fprite Celor Table (G3, &4, G5, OB, OF)

color pattern 1 may be
pattern 0 will always be
collision detection,

and BC {Barly Clock] may be cancelled or epabled.

- The bage address of
auvreomatically

the

Sprite
calculated by subtracting 512 {decimal} Erom the base

address of the Sprite Attribute Table. ﬂkhht""'-‘\ M-&t’fh"“\ ionb

MEE 7 ] 5 L 3 2 i 1]
bl T El
a EC (O FIC a Coler code
1 EC CC {IC g Eo}nr ?odel
18 EC icc IIC E & { Color code
T 1 1
455 EC [CC | IC G Calor code
497 EC JOC {IC ] Celor code
r ¥ T
311 £C ICC IIC i Q I Color code

45

Color Table will always be

L&
Line 1
Line 2
t— Ccolor Table
Ear Spritve 2
Lire 16
Lipe 1
Line 2
pew D:loy Table
far Sprite #31
Line 146

Sprite Artribute Table Base

Address

Sprite Color Code (¢ to L3}

for esach line

Collision Detect 1l=No {=Ye=

Priority Enable l=Ko Or=Yes

Display 32-dot shift left
leYeg (=No

Z Ky
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1.7 About the Sprite Pricrity Order

In SPRETE MGDE 2, if the CC Bit of the Coioy Teble is sot o 1, the
sprite pricrity order is ceancelied,

Ir the above ranner, the pertions where O {6 =st to 1 (fer each lire!
will be displayed only on herizonczl lines where sprites with a lawer
humber exist. Thiz is diagrammed in the figute below.

Wote that in this case, if there are rore than B sprites on  the sane
line, Ethe nintk sgprite and above will not be dieplayed az explained
garlier.

Spritve $¥-1

Sprite #i-1 Sprite #X
i {
i l I !
i 3
SRR EL EREPIEEE LSRR RPS
L F
' i

CC=hl1 1 Coupll d

CC=al1 4 Ve eeaaan

For the porticne of the sprite in which CC is set te 1, even if =
sprite having the mmber which 18 closest to that gprite hag CCo=E
cverlaps the sprite, the collision is not detected. For overlapping
sprites, a logical OR is done on the coler codes for display.

Example of three sprites being displayed in sever colors

T
H L] LR
Sprite #x 8 i Color ¢odes =11 d
ek
CO=ALY &
prose
: 4 l #sn i
fprite WX+l | L ] IEFELNES Color codes all &
Co=a11 1

; MSE

; LSE
Sprite ¥X+2 EIENEN KR Color codes all 2
' 2

CC=Al11 1
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Example of cverlapping the above sprites

12| 4
4
12] &
& g
0y z 2
In SPRITE MOLE 2 In SPRITE MGDE
—ko collisian -Collision detecticn
detecticn

Z2.8 SBprite Collisicn

If CC is geb to 0 and the sprite with color portion non-9 overlapes,, a
sprite  gellision iz cetected, If sprite collisicon is detected, bit 3
of status Fegister 5#0 is set to 1. This bit i= reszet o 0 whan 540
is read.

MSH T 6 3 2 i 0 Lss

5 4
U I T A I

If 2 gprite collision occurs and neither the mouse flag {MO) nror  the
tight pen flag {(LP) of register K43 are set, status registers 5#3 to
546 will be =et to the coordinates of the oollision.

.12 LI L 5 4 3 2 1 & Lse

543 T Exe |xo fx4d (x3 |x2 |ul Exe

:]"*Collisien x-~goordinate
5%4 1 1 1 i )3 I 1 jxe
545 Y7 ORYE [¥YS FY4 FYI {Y¥YZ (Y1 (YO

}chlision y-qaprdinate
Ste 1 1 1 1 ] 1 {¥Y% |¥E

If status register S#5 is read, the contente of status fegisters §E€3
to 546 are reset.

The values that @re contained in status recisters 543 to S#5 will
sontain offsets according to the foilowing formulas.

X {54, 8%3) ¥ (S#&, 545}
Collision coordinates

KoXC+l2 Yo Y+ B
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3. BSetrirg the Sprite Colors

In all GRAPWICS modes other than GRAPHICS 7 mode, the color coder  for
Eprites are common to all modes. The sgprite display coler is
ceteymined by the value irn the palette recister.

In GRAEMICS 7 mode, the sprite cclors are fixed and are not affected

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

Lalor code Green Recd BElue

C3F CRF €11 €0F 21 611 Go| ®R2F R1F Ra{ BE2¢ Bl: BO

0 ¢ ¢ ¢te o o|lo & ojo ¢ o} OO

06 ¢ 1f0 B ols o o 1 0 0’&

8 ¢ 1 ele o 0l 1 110 o @

g ¢-1 rie o oo 1 1}le : ol M

o ¥ o ofe 3 1]le 6 afo o @ o

0 1 oot g 1 1 I I A S S i

¢ 3 1» oie 1 1]l9o 1 1190 @ ¢ £

¢ L1 lige ro 1o 1 o1de 100 L

ro00 o1 0 oy 1 o1le oo |AL
1 o o 1|le o olo & oi1 1 1 oL
1 9 1 o3¢ © ¢]1 1 1fa8a o8 @o [
1 ¢ 1 1|0 % H9E1 1 1! 1 1 i E
11 80 81 1 o o0 0ofle o | ES
11 o 1)1 1 1ite o el 1 1 = %
1 1 31y o1 1 1ir 1 1|la & o cC
iy 1 r]2 r 1i:ro1 o111 3 e

TP and Sprites

By contrelling TP (Bit 5 of register RIBY, color code © will be
specificd in the following manner. The color will affect the sprites.

TP=0 Celar code 0 will be treated as invisible.
Sprite color part O will not be displaved, and if sprites
overlap, & sprite colligion will not be detected,

TP=1 Coleor code 0 will be the color that 1w specified in  the
palette register. tIn GRAPEICS 7 mede only, R=¢, G=0, and
B=0 will be always set}).
If the sprite color part 0 overlaps, a sprite collision will
e detected,

9B
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POINTING DEVICES

L. Light pen

We will esplain the light pen function of the MSR-VIDED below. To Usg

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

KSE 7 € S 4 3 2 ] 0 LER

R4E las ILP IIE ICB IVR 1 ¢ lsPDIBN E Mode recister 2

1 Licht pen ensble
0 Mouge disasble

Ir addition, if vou want ke enakle an interrupt when the light pen has

detected light, =et bit 5 ¢f register R#0 to 1. This interrups
reset if status regigber S#l is read.

MEB 7 & 5 4 3 2 1 6 LSB

&l [FL 1LP51*Identification & —}FH | Gtatus regisker 1

[munua ir Switch pressed @ Switeh not pressed
e 33 L ight detected §r Light not detected

The coocdihates at which the licht pen detected light will be set

ig

ir

status registers 583 to S#6. The data sebt in these registers ayc

correct as long as status register 545 is not read.

MEE 7 & 3 L] 3 2 1 a0 LE&B

543 e Jxe Jxs Jus Jxs Jx2 [x1 [xo | cotusn recister low
o LTI IiTe] oben restmer v
s#s [v7 [ve |vs [va [v3 [va [v1 [vo | Row resister low
s frla|a] i fve[ve] row resister nisn

this bit shews the FIELD
number when read.

8: lat £ieid 1: 2nd field

L
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Fiowehart of using Iight pen to detect coordinates

{_LIGHT FEN H

[Enable lisht pen (F4R bit 7=0, bit 611

Flash Detect

Lﬁgad statuz resister 43}

Iaeh detecrod?

Ho{PL=})
Yeg(FLel}

[Read status resictes #3)

I

' [Read status register 64|
L

[Read statue register 46 ]
1

[Reac status register ¢5)
1

ERD

ipa
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2. Mouse

We will explain the mouse functien of the MEE-VIDEQ belew. Because
the mouse uses the Color Bus of the MEX-VIDEQ, when you use the nouse,

you cannoct use the MEX-VIDECQ Celor Bus for any ather purpese. To  use
the mouse, cet bit 7 of register R¥EB to 1 and bit & to .

Mse 7 13 5 4 3 3 1 g LSB

2% 3] IKS ILP !TE !CE 1VR I ] iS?ntBH | Mode regiBter I

O Light pen disable
1 Mouse enakble

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

You may know if the mouse button has been ewltched oF and OFF by

reading status register 8¥1. These register will be repet to 0 after
being read.

MER 7 & 1 4 3 2 1 ¢ LB

SEl lPL |LP5|-!dentificatiun § -lFH I Status reagister 1

11 Switch 1 pressed ¢ Bwitch 1 not pressed
1: Switch 2 pressed &: Switch 2 not pressed

Phe relative coordinatesz of the mouse's movement ate sget as two's
complenent data in status registers S33 and S#5.

Mss ¥ & 3 § 3 2 1 ¢ LSB

43 tx7 %6 IX5 |x4 1H3 |x2 IKI xq_} Colurn reqister low

c#8 i?? IYG iYS |Yd iYJ 1?2 ¥l [Y?_J Row reginkter low

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

Wher status reqicters S5#2 and 545 are read or when counting is ta
begin, the value in register R#L3 must be changed.
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EPECIAL FURCT IONS
1. RMleernate display of two graphics screen pages

T graphics screen pages may be alternately displayed fin GRAPRIC 4
Yo GRAPHIC 7 modes) sutomatically.

= The pages that will be alternately dizplayed are 23 follows.

GRAPHIC 4 and GRAFHIC & and
GRAPHIC 5 modes GRAPEIC ¥ modes
PAGE
] BAGE D
FAGE 1
PAGE 2
:} PAGE I
PAGE 3

.1 Row to use reqister R$12

A dieplay time pericd of Detween 164 me and 2033 ms may be specified
for each page.

~ Specify the odd pege in the pattern name table base address
fregleter RE2).

= Speclfy the OR time {the interval in which the even page is
Gisplayed! and the OFF time {the interval in which the odd page is
clsplayed) in recister R¥I3.

* For the values used in the timings, refer te the chart in the
section an TEXT 2 MODE,

Mp ¥ 3 L] L 3 2 1 4 LEB

R{E3 lPN3ION2IGNl]DND!OF3EGF2IDF1EOFU} Elinking Feriod reoister

CH time CFF time

igz
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1.2 How to use the EO bit

The EQ bit, bit 2 of register R#%, iz used to altecnately dizplay
two graphics screen paves at 60 Hz,

- Zet the odd page in the Pattern Hame Table Pase Address
fregister REZ).

- Bet bit 2 cf reaister REY ko 1.

MEE T 6 5 4 3 [ L5B

Z 1
n#g ! i ! ' ! |ED { I —E Mode recister 3

2. Interlace display

The MEX-VIDED haz an interiace display fonction.

2.1 Displaying the first and second fields on the came page

- Het the IL bit, bit 3 of recister R#%, to 1.

the

2.2 Displaying the ever page in the fitst fisld and the odd page in

the =econd field

~ Set the JL bit, bit 3 of register R¥9, to 1.
Set the EQ bit, bit 2 of register REY, to }.

= Set the odd page in the pattern name table base address
fregisrer R¥2}.
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3. ’'External Synchrenization
3.1 GENLOCK method

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

phase

W=A A ILiED

differnce
signal of the MSX-VIDEO and an external HSYNC signal and Feeds

between the HSYNC

— ] e RV NU ]
< ¥
U= N LN B | % - —
V-RESET IS [ —— —, = R B N
V-RESE] | -
[ !
| e —
| = AR S —
L “ PHASE
5z Aty 1. DETECTIIN  —— =
| ~ =
| —
| —
e o =
atal | =3
Nt e F— 1 Iy
L PR | | —

3.2 Choosing the synchronization mode

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

synchronization mode of the MSX-VIDEO.

MSB T 6 5 4 3 2 1 a LSB
k&9 L l ISl |Eﬂ | i [ i I Mode register 3

51 150 Sync mode *Yg Purpose

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

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

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

1 1 - - -
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4. Superimpose

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

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

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

[ '
|
A=A VDL | I
H f——] — e
i — (i Extersal KGE Inpo
f =4 | i
o ;
.
Vs W e Frernal Vadeo It
L__mrw__

Vickews Oitpant

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

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

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

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

Digitize Block Diagram (GRAPHIC 7 mode)
MEX-V TN thit A D

i [

- Gireen Al ingan
e [T —— o

i m
cip————— —in |
' Lo ]
C2
Clppmmmee | | iz
| i R e - Hed Amaliog snput
CHIME I | I— ()} 1'
t | — [t i
DL LR { |

Blue Analog mput

CLOCK

Digitize Block Diagram (GRAFHIC 4 mode)

MEX-VIDED

CirT
[ | e
L) Wit A D
cib—
3 D3 Widen Analog input
o (i}
i Di
all] Dy
OFE ¥
CHDIR I
WL LK
PLCLE CLOCK
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Digitize Block Diagram (GRAFHIC 6 mode)

MEX-VIDED

LATCH

]
Ot
(=1
[}
]
ol
Cl
(&1

CHDIR
DLCLK

Digitize Block Diagram (GRAPHIC 5 mode)

MEX-VIDED

[
i
[
[&]
Cl
Cl
Cl

CHIK

oE CK[MT ||
| L

LATCH

AD

n

VELECY ingut

VIDED mput

UE CKT

e
H]]
I

1

|

D

DLCLK
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- Digitize conktrol

When the DS bit (bit & of register R¥0) is set to 1, the HMSX-VIDED
initiates input ¢f gata fram the color bus. This action is
automatically performed internslly by synchronization with VEYRC.

G from CRU i [ | e

VEYNT ] I ] ] | ]

bigitize | l [ L__m,m_

= Buccessive reads into the first and second fields

PG frem CPO f i

E o E a E o] E
VEYRC § 1 i 1 i § ]
FLAME § I § H
Digitize [Even T oaa |

page page
- @it magk of the color bus

The color bus may be 2 matked using a register R4T. When a hit of R#7
is set to zero, the inpet wvalue of the corresponding it on the color
bus is set to zero,

Msp Y & 5 § 3 2 1 © LB

R47 Em |H6 Ius im ]m luz K1 Im} i

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

color bus
€7 CE C5 ¢4 €31 L2 €1 CO
GRAPHIC 4 MODE - =~ =~ +~ M3 M2 M1 %0
GRAPHIC 5§ MORE =~ +~ «~ -~ HI M2 M1 M§

GRAPHIC € MODE X3 #2 Kl MO M3 M2 M1 ¥0
GRAPHIC 7 MODE BT M6 M5 R4 K3 M2 M1 MO
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6. Color bus

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

6.1 Normal display

MOUsE
LI

MOUSE
LA

Bk ampn taskale T
& ——
DA CONVERTER g

al palette regi=ter
N A comverler, e1c

N ] VvRAM
—
. . ¥ e
] ' MS LIy UB
| Lowkouprable —elit B e
| & — ---il: 1 kY 4
P ACOMVERTER F—e g
| S 1 |
il ;
— S I—j
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6.3 Displaying external signals

i — : ATE S E R
i Lok ugr tolhe i .
& | —— T W 1 1

i | DA CONVERTER F—= 8
| —— i
I | |
| MOLUSE ) —

Ll e, |} ComveT RO 5

e RN

]
I
¥
6.4 Digitize
S S — Ms DG CR

H Lemik up tahle i
E * i, " 1 X
! I A CONVERTER ——=H . —_
i | T :
il.\llii.'.
o Tl pr——— ) CEPTeT el,

!
. | et W RANM |
H e
. ! " 1
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ST

VEERE:

1. ™
1-1

VEERY
bFlast
s50f bW

)

- By
= Qu
- 51
- Ma
- Bi
-~ &3
= &y
= Ma

bi
- DR
= Ma
= In
- ¥a
- Di
= Ar

- Ad
Ex
Gy
D
Mu
- Ex

[ |

HSK-VIDE( Data Sheet
S E-VIDED
Overview

(MSX~VIBED) is a M-channel Silicvon Gate MOS, €4-pin shrink DIE
ie package Vigeo Digplay FProcessor (VDE)., The V8912 is

gre-compatible with the TMS9918A.
Featires

gsingle power
tput of both Linear RGB and Composite Wideo signals
2 celors poszible with built=in color palette
ximum 512 x 424 pixels, 16 colors
t~mapged graphics
6 simultanequskiy-displayed colors
pporbs 16K~ to 12BE-byte video memor
¥ be used with 16F x % bit, 16K % 4 bit, 64¥ x 1 hit, and $4F = 4
t DiAME
AM guto refregh function: 256 addresses, 4 mE
¥ support an extension video memory
terfaces for mouse and light pen
simum & sprites per horizontal line
fferent color for each horizontal line of the sprite
ea move, line, and search commands

Logical operation function

dresses may be specified by coordinates
Eernal Synchronization possible
perimpose possible

gitization poasible

1Ei-MSX-VIDEO architecture poasible
ternal color palette by ueing color bus

Hote:

In thic manual, negative logic will be indicated by an asterisk
preceding the sighal names.
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MSX-VIDEQ Block diagram
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z = $| = ?-\7
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MSX-VIDEO circuit example
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2+ Pin assichments and functicns

Pin Pin
Tam e o, 170 Funckicn
ol LER 40 I/ = CPL cata hus
Cchl 3% 140 :
g 38 1 L/0 P
(WA a7 IS0
Ch4 36 ]
Ccpg 15 [/3
Cog 34 L/Q :
D7 M5B 3z 1/0 - : !
HMCDE O im 1 -~ CPU interface mode B
MODE I zE I - select Rl
*(5R 33 1 CPU-MSX-VIDEQ read strobe A
L0EW in 1 CPU-MSU~VILED write strobe E
ROQ LB 41 170 - VRAM data bus 9
RO 42 1/G oo
D2 43t 1so o e | h
Rp3 4 | 1/ e
RD4 45 Iy | m
RDS 6 | 10 T
RDG 7 {1 = |z
RD7 MEB £1:] 144 - wE |
M@ LB 4o a - VRAM address bus e TN
aADL 50 Q m o
AD2 51 o "
AD3 32 o r
Alr4 53 o
ADS 54 [
ADE 58 O
ART MSB 56 g -
*RAS 62 O VRAW row addreds strobe
*CA5H 81 o VRAM colump address strobe 0 {VRAM First half)
*CAZ] 60 (4] VRAM column address strobe } {VRAM second nalf)
*CASX 55 o} VRAM column address stcobe X {Expansion VRAMI
RS *W 57 G VRAM write strobe
v 4 o VRAM datx select
DS » Low: Access Lo VRAM iz for displey data
WDE = High:Access o VRAM is Eor
. other than the above
VIDED 21 o] Comgos.tte video sig‘nal chtpuk
G 22 o =~ Linear RGH signal ouotput
R 23 +]
B 24 i) -
*¥g 1g o Bignal to switch befween MBX-VIDED RGR output and
external wideo signaj {When superimposing)
*YE = High: MEX~VIDEC outpuk fransparent
*YE = Low: MBX~VIDEC oubpub opague
BLEC 7 o Tri-level output (Open drain);
primary/secondary field and blanking interval
High: Becondary field, active
Middle: First fileld, active
Loow: Blanking intecval




VOYId MSX~VIREC Data Sheer

ESYNG

CS¥NC

MHCLE
*DLOLEK

AL 1

XTAL 2
CPUCLE
IRT

*RESET
vic
GND
GND DAL
VBA

W

15
1E
17
1%
13
14
13
12
26

27

3]
64
25

S8

20
EX;

150

170
o)

170
I/0
1/0
/0
I/0
i/0
170
10,
1

I/0

O

[=FC RN Y

Tri-level lagig:
upper Levels !'high to middle) for cutput,
lower levals imicdle to low) for input

High: Man-HEYNC, coler barst fericd
Middle: HEYNC of nen-color burst perzod
Lot 1 HEYRGC input
Tri~level logics

Highs Composite SYNC autput

Low: VEYNC inpot

Colet kus directicn

High: Tnput

Low : Out pot

= Color bus
Uzually the coleor code is cutput:
during digitize, this fus is used ac
the input pert. The high-order bits
are for modse input when using the

Mouse.

C4 = XA £5 = Xb
- CE = XA Cl = 1B
Light pen or mouse SW impuk
Lows BW on

Highs SW off
Light pen detection inpuk of mouse SW input
Lows Light dekectad or W on

Highs &ny other condition
bet clock cubput for high resclution:

iL.74 MWHz open drain
Dot clock output £6r low reselucion:

5.37 MEz open drain

input say also be done the mode register.
Thisz is uged for a multi-MSX-VIDEC systen.
Connect to XTAL of uwse for connmection of an
external oscillator

outputs 176 of XTAL freguency

CPU interrupt ocukput: open drain output
Low: interrupt

Tnitialize all MEX-VIDEQ circuits

SV power supply

Ground gV

Ground OBV

Back bias (N0 connection!
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J. Electrical characteristics and

3-1 Absolute maximum ratings

Liming chart

By mibod Parameter Rating Fnit
Voo Supply wvoltage ~0.5 to +7.0 W
Vin Input voltage -0.5 to +7.% ¥
T= Storage temperature =50 to +1%5 i
Te Operating temperature J te + 70 T
3-2 Recommended operating conditions
Sy tabol Parameter Min. Ty Max. tnit
VEo Aupply wol tage 4.73 3.00 .25 v
VEs Zupply voltage ] Y
Ta mbignt LeRperature a Tn i
VIL 1 Len=level input

valtage {grouvp i ~-0.3 0.8 i
VIL 2 Low=level inpuat

voltage igroup 2 =g .3 0.8 W
VIL 3 External <laock low-—ievel

input wveltage igroop 33 0.3 0.8 Y
VIH 1 Bigh-level input

yoltage (group 1) 2.2 YT v
Viid 2 High—-level irput

voltage {(group 2) 2.2 Vo W
WiH 3 Extermal clock higun—level

ipput volrage igroup 3) 1.5 Voo y

Hotes:

Group l: *CSR, RDU to RD7, GO te C7, *LBS, *LED, *RESET,
Group 2: CDO te D7, MODE C¢, MODE 1, *CSW
Group 3: XTAL 1, XTAL 2
The video signals are listed geparately
Versions A and 8 of the MSX-VIDEO differ in the following ftems:

*OLOLE

Symhol Parameter Mist. Ty e Max. Unit
VIL 2 Low=-level inpuk

veltage [(group 2} -0.3 0.5 v
WEL 3 External clock Iow-level

input wvoltage {group 3} -3.3 0.3 W
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3-3 Electrical characteristics under recommended cperating conditions

External input clock timing

No. | Symbol Parameter Min. Typ. Max. Unit
1 £XTAL XTAL clock frequency 20.26 21.48 | 22.55 MHz
2 TXWH XTAL clock high-level

pulse width 5 ns
3 TXWL KTAL clock low-level

pulse width 5 ne
4 TXR XTAL clock rise time 10 ns
5 TXF XTAL clock fall time 10 ns
[ TD21 KTAL clock delay

time 2 - 1 0 ns
7 | TXD12 XTAL clock delay

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

KTAL clock delay time 20 50 ns
9 ™1 ATALl pulse width 12 ns
10 W2 KTALZ pulse width 20 ns
11 TED XTAL1-XTAL2 relative

delay time 15 24 ns

XTAL T

NTAL:

£- ._l.; \ S— Fi N — a0y
XTALL \—
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*RESET fnput timing

Ho. i Symbnl Farameter Kin. Typ. Max. Unit
i TRESET PRESET luw—level
pulee width 13 me
D characteristicn
Symbol Parameter Condition Min.| Max.] Unit
VOLA Low~leve]l ovtput voltage
{graup 4} 0L = 1.6 mA U.4 Ky
VOLS Low-level output wvoltage
{group 5 OL = 1.6 mi 0.4 kK
VOLE Low— level output voltage
{group &} 0L = 18 mA 0.4 W
VOLT Low-level output veltage
{group ¥ L = 1.6 mA 0.4 W
VOH4 Hi?h-level output voltage
group 42 IO = 168 wh  |2.4 v
VS High-level ocutput voitage
{group 51 I0B = 60 uA 2.7 v
Lt Input leak current 1o uh
LG Cutpuk leak current
(floating) 25 13,1
g Current conzumption FELE ma
Hotes: o
Group 43 CRD to £DT7, RDD o RDT, ADO to ABY, *WDS, C(HDR,
CPUCLE, €O ko £7 -
Group S5: *RAS, *CAZ0, *CASL, *CASX, R/*W
Sroup 6: *DLCLK, *DHCEEK
Group 7: RLINT
Input/output power capacities
S mberl Paremeter Condition Min, Max. Unik
CIR Inpat power capacity VIN = & ¥ 1¢ p¥
coutT Output powet capacity VOUT = & V 1t pF

ils




¥9938 MEA-VIDED Data Sheet

Externmal ouybput clock timing

ko, [Symbol |Parameter Condition {Min. (Tvp. [Max- {Unit
B [fDHOLE {*DHCLE freguency 10.31310.74{13.28] Moz
9 | T¥wL *OHCLE low-fevel

pulse width 20 ns
10 |y *OHCLK fall time 25 ns
11 {EDLCLE {*BLCLK frequency CL = 50 pF} 5.06] 5.37] 5.64} Mz
12 {TLWL *OLCLE fourpuk) low-

level pulse width 60 ns
13 {TLow YOLCLE foutpur)

fall time 13 ne
14 {THLOD *DHCLE-*DLCLE (output)

delay time =15 13 ns
3 {fCPRCLE|CPUCLE frequency 3.37| 3.58; 1.76| MHz
1§ | TCwH CPUCLE high-level

pulse width CL = 11 e
1T |TWL CPUCLE Low=level L0 pr

pulse width 110 s
18 |TCR CPUCLE rise time i3 ns
1% {TCF CPUCLE fall time 25 ns
20 |TEOHXD {*DLCLE foutput} hlgh-

ATAL delay time- CL = 54 pP} 20 50 ne
2} |MLOLED {*OLCLE {ootput} low-

KTAL delay time 20 50 ns
Note: The values shown for *DHCLK and *DLCLE 2ssume that RL = 1 k che,

11¢%

A RS
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R =~
It et i
] l
rdWLH‘—_NQL____JXK_____\\k_____
15 :—- e 1 — - -
L

— o ] —
m.lh_T___#/F______h____\&___é___w___ka___
gt

14
-
f
1

TN

External ocutput clock timing
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CPU-MSX-Video Interface

No. |Symbol |Parameter Condition |Min. [Typ. |Max. |Unit
1 |TasSR Address setup time
(related to *CSR) 0 ns
2 | TASH Address setup time
(related to *CSW) 30 ns
3 | TAHW Address hold time 50 ns
4 | TDSW Data setup time 30 ns
5 | TDHW Data hold time 30 ns
6 |TCSHW *CSW pulse width 186 700 2000 ns
7 |TCSR *CS5R pulse width 186 700 |2000 ns
8 | TRAC Data access time CL = 100 150 ns
9 |THWX,A |Data invalid time 300 pF 0 ns
10 |TPVX Data disable time 65 100 ns
11 |Twlw *CSW pulse width
high, 2Znd-lst,
lst-2nd byte 2 us
12 | TW2W *C5W pulse width high,
2nd=-3rd, 3rd-3rd,
3rd-lst byte 8 us
13 | TS1RW *CSR-*CEW setup time,
lst-lst byte 2 us
14 |TS2RW *CSR-*CSW setup time,
3rd-lst byte 8 us
15 | TS1wWR *CSW-*CSR setup time,
2nd-lst byte 2 us
16 |TS2ZWR |™*CSW-*CSR setup time,
2nd-3rd byte 8 us
17 |TW1R *CSR pulse width high,
lst-1st byte 2 us
18 |TW2R *CSR pulse width
high, 3rd-lst,
3rd-3rd byte 8 us
iy = ! Tl
L i i
X /
b e i
' J i
AMODE X' X iy
X
= -3

DATA

L

X

CPU-MSX-VIDEC write cycle interface
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e

iy

A
=

ik

-,
i
3

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

MEX-VIDBG register read timing

— 17—y I""‘-E'.-"t b l-....._':-‘>_..1
' : s v . '
H H 1 : [l ' ' |
Vsl '
i 1 2 & &
i ] i
H 1

Ly
ol
=
=

W ey

Hote: The numbers p (where o« 1, 2, 3) marked in the pulses show the
byre order {ist, 2nd, 3rd) sent from the CPU.

MEY-YIDED regleter write timing

iz:2
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BEX-WIDEQ-VEAN irverface

. [Eymbal |Parameter Conditien {Min. [Tyvp. |Max. fupit
1 | TRC Memory read/wrike
crcle time 265 278
2 |TEC Fage mede cycle time £77 Lag
q [19sC Bgad darz setup tine 240
3 | TDHY Read data hold cime a
B |ThE *RAS precharge tire 910
7 |TR&S *RAS pulse width 130
8 [TRSH *RAS hold time £q
§ |TCAS *CAL pulae wideh 55
10 FTCSH *AS hold bime 140
Il iTRCD *RAES-*CAS delay time 4G
12 {TCRP *CAS~*RAS precharge
tine B
13 | TRARD Row addretz-*RAS
delay 'time 54
14 |TRAH Rew address hold time Iz
15 |TCACD  [Colimn sddtess-*CAS
delay time &
16 PTCAH Column address hold CL =
time 150 pf| 1CG NG
1T ITCAR Column acddress heid i
time {for *RAS) 130 i
18 (TRCR Read command-+*CAZ
delay time g
18 iTRCH Bead command
hold time g
20 'y Write command
hold time TH
21 TR Write command hold
time {for *RAZ) 15
& 1TWE Write command pulse
width 12¢
23 [TRWE WEjite command-%RAS
read width =1t
24 | TawWl, Write conmand-*CAS
read wideh 124
25 |TDCh write data-*CAS delay
Lime a
26 rh Wwrite data hold time 50
27 1Thyr Write data hold time
tfor *"HAS) 110
28 PTWOD Write command-*CAS
delay time i
23 |TCP *CAS precharge time
ipage mode cyele)d 70
Note: The above specifications apply to versien C of the W991A.

The following items apply to Versions A ang B.

T distinguish

Versions A, B, &nd C, refer toc page 134 of thin data sheet.
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Version

No. | Symbol Parameter

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

[T d h é
' ! ; | I :
1 -1:-;- !:—:-::-;-é-m—i : !

s XK e K XXXXXXXX
! oo : :

VRAM write cycle (early write)
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L

b |
P53 s A
H |

Kim J

VRAM read cycle

CARLLA

[BE] L i._.:.:_;-:.j' .
i 1 i ] g
(X XA X XXXKXX
e g
B ," :
Kiw-7 Oyen

VRAM page mode cycle
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Compusite video signal output level

Versions A and B

Symhel ]Parameter Condition fMin. |Tvo. [Max Lnie
VWHITE {White jevel output voltage 2.28 12.55 {2.%& W
VWEITE jWhite ievel output voltage
(W fusing Black & white! 2.30 f2.55 [3.00 v
VBLACK {Black level cutput voltage 2.00 [2.30 |2.30 Y
VEYNG Syhe level ocotput voltage REL = 1.%0 [2.20 [3.60 k3
VB Colaor burst pulse width 470 ohme{0.14 [0.30 |0.34 Y
VP Electric potentlal
difference between
white and sync levels 0.24 |0.35 |0.44 v
Yh=F Electric potential
(B W) difference berween
white and syne levels
tusing ‘black & white} G.34 J6.45% joosd Y
Hote: The typical wvalues listed in the above tabkle zssume that
VCC e 5.8 ¥ and TA = 25 .
VYersion C
Symbol |Pazametez Condition |Min, [Typ. [Max. [UGnit
VWHITE |White level autput voltage .20 f2.60 13,00 kY
VWHITE |White level output voltage
{g/ W taging flack & white! 2.50 2.8 {3.20 W
VBLACK [Black level output voltage L.BO {2.28 12.50 v
VOYRC  |Syne level output voltage Bl = .60 §2.08 {2.30 W
VB Color burst pulse width 470 chmel0.16 j0.22 |p.2& v
VE-p Electric potential
difference between
white and sync levels 0.40 {080 [&.75 | ¥
VE-FP Eiectric potential
(RS W] difference between
white and async levels
tusing black & whitel .60 |0.80 |U.93 | v
Hoter The typical values listed in the above table aseume that

VOO = 5.00 V and TA = 256 T
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HGB output level

Syrhel |Parameter Condition [Min. |Typ. [Max. Unit}
VRGE 7 PGB marimum output Yoltage BL =
703 ohms{z.s 2.8 3.2 W
VRGE 0 (PGB winimum cutput voltage RE =
IBlack lLevell 470 ohmz{1.7 2.4 i.4 K
vih-p AGR electrlical potential FL =
difference VHGET7-VRGRO 470 ohmg{0.653 0.8 I.80 5
DRGE BGE electrical potestial =
difference B-p 470 ohme 5.0 %
Kote: The btypical wvalues listed in the above table assume that
NCC = 5.00 ¥ oand TA = 25 %,
Synchronize signal sutput level
Symbel Farametec Condition [Min. [Typ. {Max. [Unit
VILVE 1 Tri-level output high- AL =
level BLED I k ohm| 4.5 VLT
VILVM 1 Tri-Iievel ocutput RE =
intermediate level BLEQ 1l k ohmi 2.5 3.5 W
VILVL 1 Tri-level output iow— Bl =
level BLED 1L k ohm Q.4 k3
WILVH 2 Tri-level ouotput high-
level HSYNGC, CSyNG Mg load 4.5 voo W
VTLVM 2 Tri-level ourput
intermediate lavel
HEYHC, CSY¥NE No loxd z.7 3.7 v
WTLVL 2 Tri-level output }ow-
level HSYNC, CEYNC Ko 1ecad d.8 Y
YYH *¥5 putput high level I0K =
100 wAl 2.4 v
VYL *¥s output iow level IO =
1.6 mi B.4 W
ITLVH High-leve] inpput curcent (VI =
HEYNC, CRYNC .4 v -4.0 Fi
ITLVE [ntermediate level input VI =
current HESYNC, CEYNE 0.4 v “2.0 mh
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Compasite wvideo sigral

We. [Bymbol fRarameter Conditien (Min. |®yp. lMax. Junit
1 {TECY 1 HEYWC fall time 110 ne
2 | TWHS HS5YNC pulse width 4.50 4.70%F us
3 | TV 1 JHSYNC 1ise time G0 5
4 |THE-CBE [HSYNC colot burst delay

time 0.40 0.6 ug
ER Color burst width = 2.60 3.30| ug
6 ITCB-LB {Coler burst-left border 470 ohms

delay tine 1.10 I.50] us
Fo\TrCv 2 PVBLACE-VWMITE rise time ] na
g | ™3 Left berder widgh L o= 2.4 2.7 ug
§ |TECV 2 [VWHITE-VBLACE fall eime 1sg pr 10D ng

10 rTwAD Active display area 4T7.00F47.68F48.00] us

1l |TwFRE REight border width Z.50 2.B0] us

12 [TRE~HS [Right berdec-horizontal

s¥nchronous delay time 1.20 1.505 us

Fote: Items 8 and 1l are when Display Adjust ie 0.

AR slgnal

No. [8ymboel |Parameter Condition |¥in. [Typ., [Max. |Unit

13 ITrRGB  JRGB signal rise time RL =

{VRGAO b VRGRTI 410 ohms &0 ns

I4 |TERGE RG8 signal fal) time =

(VRGBT - VHGBRO) 158 pF 64 ne
Hote: Mesgurements are 10% to 90%.,

[T EY RV
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synchronize signals

Ko, |Symbol fParameter ConditioniMin, |Typ. [Max, [Unit
1 |TESY I|BLED intermediate level-
low level fal) time 140 ns
4 FTrBY FJBLED law 1evel-intemediate:|
level rize time 140 hs
3 (TrSY 2[BLED low level-high level
rize time 220 ns
4 FPTIBY Z2|BLED high level-low level L=
fall time 50 pf 116 ns
5 PTr8Y 3} BYNC intermediate level-
Figh level vize Lime 360 nz
& ETESY 3] SYNC high level-intermediate
legvel fall time 1100 ng
T fTeS8T 4| 8F¥NC low level-intermediate
level rise Ltine 200 ne
B |Tr5Y 5|S5YHC jow. level-high level
rise time 440 it
& {TeSY B[*YE low level-hish level
rise time 2% ns
10 ITESY &|*¥S high ievel-low level
fai: time it} ns
liote: BLED iz the value whewn BL = 1 K chime

Times shown are 18 to 90%.

12%
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Color bus
Ko. |Symbol |Parameter Condition|Min. |Typ. |Max. |Unit
1 |TDCBO |*DLCLK-celor bus ocutput L =

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

hold time 50 pF 20 ns
3 |TSCBI |Coleor bus input setup time - 0 ns
4 |THCBI |Color bus input hold time = 20 ns

Culor Bus

clignr

—
Ceeliir - Bus >L
i
A
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VDS
No. |Symbol | Parameter Condition |Min. |Typ. |Max. |Unit
1 |TOVDSL| *DLCLE-*VDS low level
delay time CL = 50 pF| 50 100 ns
2 |TDVDSH| *DLCLEK-*VDS high level
delay time 50 100 ns
3 | TSVDS *VDS setup time (for
*CAS0 and *CAS1) 20 ns
4 | THVDS *WDS hold time (for
*CAS0 and *CAS1) 0 ns
T g e s U RN . 4 e N
:I"‘—-* ——
TTiR ' I

= \ / \ /

P
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4. External measurements of package

S
| v-9938 00 By LA Al Pin shrink [P J

——

AAAAAAAAAAMAAAAAAAAANAKANANNAAN

O @)

!
.uuu%uuuuuuuuuuuuuuuuuuuuuuuuuuuu' Ty

Nt S Theere are 1wn
tvpes LW section A

I
|
i
|
i

ismas

SHEN

wll

1T
| PP o
= -l'
A W= 13
L] material: 42 allin
Lol ot prowcess  solder THP or TindSaiplating

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

5. Version identification

ABAROARAAANANAAAAAANANAANMRNNANY
=3 V9938 YAMAKA
1A MICROSOF T
NHLE\ C) :hh!ﬁm C}

O 2302 8 84 18 1L
(]

v UU'JU'J'JUUUUUUPUUUUUUUUUUHUUUUU—UU
!

I

== Version mdication A version: Xone
B version;
C version
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VHBIE MEX-VIDED Appendix

1. FRefresh

The V4938 hag a Dynsmic RAM (DRAM! auto-refrech functicn which repeacs
cycles every 4§ me for 256 addreszes.

Special consideration must be given wher using a 128 addresg-2 ms
cycle, as the vsage depends on whether the DRAMz used are 16K or 64K.

1. 16K DRAMz (VR = 0

— When the row address and column addresces are seven bits, <connsct
eing ARl to ADT on the V9338 to DRAM address pins AD to AS.

- When the vow address is eight bits and the column address is six
bits, connect plna ADL to ADE un the V9938 to DRAR address ping Al
to A6. Alse Conhect pin ADD to pin A7, When this conf fquration
is used, only addresses AD to AS of the DRAM are refreshed.

2. 64K DRAMs (VR = 1}

= Connect pins ADO to ADS and ADT of the V9938 to pins AD to A& of
the DRAM. Alzc connect pin ADSE to pin A7. hen this conflquration
is used, cnly addresses A0 to A6 of the DRAM are refreshed,

1+1 v9938 Refresh Address Dutput

The method of outputting refresh addresses on the V9938 differs
depanding on the mede being VR or display.

Coneidering the refresh address as (MSB) RT R6 RS P4 BY B2 R1 RO, 256
adgresses are refreshed within 4 ms,

fefresh address output method

V8338 adderss{AD7 |ADE [ADS iAD4 {AD3 |ADZ {Anl {mDD

YR = '0* RS Rl e R2 R1 <0 Rr7 R
YR = "', G&, 47 modes RO R7 Ré HS R4 R k2 Rl
VR = '¢', non-G6, §7 modes RY RG E5 Rre R2 Rr2 Rl RO

Maximum Refresh Cycle

1. 256 cyele refresh 4 ms
2. 128 cycle refresh
= Ueing addresses other than R7 }.25 ms
- Using addresses other than BE 1.9 ms
- Wtsing addresses other than RS 2.2 ms
- Using addresses other than R4 2.5 me (worgt casze)
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1-2 Enrample of V9938-DRAM address pin connectian
and maximum refresh cycle

i. ¥R = 'Q°

-~ DRAM construction with 7-hit row and column addresses

Ma ¥ imume
refresh cycle
DRAM addresses At AR A4 AT A2 Rl AD
V933E addresses (AD) [ 7 E 6 [ sielala| 1.9 ns

- DRAM construction with 8-hit row address and G-bit
column address

Kaximur

tefresh cycle
ERAM addresses AT R6 AS A4 A A2 AY AD

Yo931d addresses (AL i 7 i [ ] 5 ] q I 3 I 2 i b3 i 1] i 2.2 mz

(AD; | n ‘ £ ] 5 | 4 i 3 i 2 } i i Fi i 1.9 ms

2. WRr = '1?
M x1mup
refrech oycle
G6/G7 HNon=-Gh/GT
DRAM addrespes A7 A6 AS D4 AY A2 AL A0 Mode s Madesz

VI91E addresges {Aﬂ}l ki & I 5 I 4 | ) | 2 i i i 3 i 2.5 ms 1,23 ms

(AR)§ B | T I 5 i 4 ] 3 l 2 | i | 0 | 1.25 ms 1.9 ms

{ap:| 5 K 6] 4 3 2 1 i} 1.9 ma 2.2 ma

Notet The maximur refresh ecycle is the value when the DRAK refresh
addresses are RE to AD.
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2. Examples of VRAM Interface

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

—t [
—
=
=
| |
R . - '_-.
| |
— L]
—
=
—1
-—: -
T
-
I
| |
-]
> %
= a1
: B3
L
—_—g =
= E
1

P EC ] =% 5 EeSETEEE |
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- (16K x 4} x 2

V9938
AlT

[}
Al
a4

il]ﬁ
i

1]

e
ta

_‘ﬂ :Iﬂ
2

| szm=s

2-2 32K tes
- llﬁﬂbi 4) x 4

i

|E SEzszTEbz
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2-3 64K bytes
- (64K x 1) x 8

—
L
Ll
o
i 1
1
]
T
L1
| - —
[ E
o
- B
* ha )
e
T =
£E
| |
ST 275 SeREseEE
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- (64K x 4) x 2

AEREER:
407

i

R €35 BEbag 7
- []

b=

ol
Lo

L

2-4 128K bytes
- (64K x 4) x 4

vagag
A

1|

=—|
&
-

s533fis

E!
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- (64K x 1) x 16

VS'EJ&_

14l

I L1
I —1
- |
1 1 1
I LT
1 | A
1 | I |
1 T T
Ll ———
T I | 1
= =
3 - ¥
" o =
..._IE = -. g__
1= = =i
== s
zg* FS s
T_1 1
il
2% sesaTu B e
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3. Clock oscillation internal circuitry

Rl
R2
TR1
TR2

Approximately 1 k ohms
Approximately 500 k ohms
Depletion transistor
Enhancement transistor

LR

/ d XTALZ 1601

!
v
Internal clack

\

£ NTALLIGD
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4. isace of unhused pins

- Qutput pins

All evnused cutput

pine may bLe left open.

=~ Input or inputfoutput pins

FRLCLEK (31
HEYRC =y
CEYMC [£)
C? to €O (121
*LES {263
tLED (X
VBB 13

to 119}

Pull up with & registor

Lpen

Oggn

Open

Connect to VLC

Connect to VOO

Open of connect ta GHD {1
& capacitor

143
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. COycle mode

The V%933 hae three cycle nodes.

which may be specified

the following settings of bits 850 and 81 in register #0.

aceording ta

HEYNC
3] Crele Screen *Y5 i+

1 0 mode made High leve} Low level

0 @ 1] PC only Burst flag H counter Loow EXTALSLI2RA
reget Input

g 1 1 Mixed REYNC H counter Bighs] FXTAL/I365S
reset input L

I Q0 2 Ext. HEYNC H counter Bigh fRTALAL3ES

Videa reset inpur
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6. Cycle input
HSYNC input

When the V counter is set to 6, input from HSYNC is received, and the
H counter is reset on the edge of the transition from High --> Low.

When the HSYNC Gate signal is Low, in other words, the V counter is

set to a number other than 6, input signals to the HSYNC input are
ignored.

V Reset input (CSYNC)

The V Reset signal is a signal that is internal to the V9938 that
cycles at 2.98 us. When three consecutive Lows are received, the V
counter is reset. Simultaneously, the first field is selected,

sampling Llock InbLU Lk

i I I

Vi

Mulse

Ficld L ) T
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7. Display parameters
7-1 Horizeontal dispiay parameters

Unjt: XTAL Cycles

Muliticolor mode Text I mode

Gl ko 7 modes Text IT Mode
1, 80 (R#% 1, 2 & I, 2 1]
Display cycle 1g24 1624 960 g
Right botrder 57 55 a4 g7
Right erase time 26 27 26 27
synchronize signal idgn 1a¢ Loo 1546
Left erose time 102z 1462 10z 102
Left border 26 26 92 42
Total 1365 1368 1365 1364

Hote: The above table shows the relationship between the RGBE signal
and HEYNC when the Display Adjust Reglster {Reoisier Number
14} dis set ro 0.

kile 1 . f--- I
FFoim L.I
T-2 Wertical display parameters (RNTSC)
Unit: Lineg
Lines 1892 lines 212 lines
LN = @ L = I
Interlace Interlace
Field Field
Kop= Haf—
Interiace| lst Znd Interlzce; lst 2nd
Synchronize signal k| 3 i 3 3 3
Top erase bime 13 13 13.% 13 i3 1.5
Top horder 6 26 26 16 i6 I&
Bigplay time 152 192 19z 212 21z 212
Borrom bhorder 23 25.%| 25 ls 15.5fF 15
fottom erase time 3 i i 3 3 i
Tobal 62 262.51262.5 262 162.5|262.5




V9938 MSX-VIDEQ Appendi x

7-3 Vertical display parameters (FAL)

Unit: Lines

Lines 192 lines 212 lines
LN =10 LN =1
Interlace Interlace
Field Field
Non=- Non-
Interlace| lst 2nd Interlace| 1lst 2nd
Synchronize signal 3 3 3 3 3 3
Top erase time 13 13 1325 I3 13 13.5
Top border 53 53 53 43 43 43
Display time 162 192 192 212 212 212
Bottom border 49 48.5| 48 39 iB.5| 38
Bottom erase time 3 3 | 3 3 3
Total 313 312.5(312.5 313 312.5]312.5

Fote: The above table shows the relationship between RGB and VSYNC

when the Display Adjust Register (Register Number 18) ig set
to 0.
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8. Coloar palette

G R B

13 & al 0

i 1} 0 D

2 & 1 1

3 T 3 1

4 1 i T

5 3 2 7

Color & 1 -] 1
cade 7 [ 2 ?
g 1 7 1

9 K} 7 K}

Al 6 3 I

B | & & 4

c| 4 L L

32 ] 3 5
E|ls|s] s

¥ 7 7 7

The ¢color palette iz set ag shawn in the
table when a RESET iz done. This table has
no wesaning in GF mode since the c¢olor
palette is not used.

In additicen, since thers are only  four
coelors available in G5 mode, wvaloes from 4
to P have no meaning.

In this table, 'D means that the CERB

intensity ia U, &nd 7 means that the GFE
intensity is set to maximum.
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9, Composite video colar burst

The phase of the color byust s &6t aceording to the contents of
register numbers 20, 2, and 2. These reglpters are inikisliced on
the transition between Low —-> High of the *Reset signal.

Register Value upon
number initialization
20 sl GO
21 & 3B
22 aH 05

in addition, wher the values of all of the Bbove registers are set to
00, the color burst effeckt hnay be removed.

Note: DPo not set values other than those listed above in reglsters 20
to 22.
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Id. Coler bus

Colar bus

HNode

7 [ g 4 3 2 1 o
Text I, T1%
Multicolar ¥ X X X CZ3 £02 ccl cca
Gl o G4

- Even - Odd —=
a5 ¥ % % x feer | eco | cer | cco
e Even * 0dd
#40) €42 CCé ccl cCco [k} cea crl CCa
1

a7 ce7 o]} Lo CC4 [0t el £el cea

The color bus is used ag listed above whether deing input or  oubput.
For exsmple, in G4 mode, the lower four hits {000 to CCI) gubpuk the
color code. ‘These bits must be set before the signals are placed an
the weolor bus. In this case, the opper four bits are ignoved. In
addition, during input, since the lower four bits have the color cede,
that signal s displayed, and if BG = "1", the information iz alsa
dtored ip the VRAN.

When uging high resolution modes such as G5 and G modes, the even ang
odd dote are handled together as in §-1, 2-3,; 4=%, etc. (This is the
geme during input and output).
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1l. BEprites in G5 rode

tn the 65 mode, the static Screen nas & resclution of 512 dets in the
horizontal direction. In additios, each pizel has twa EBits Eor the
colar code.

Sprites are displayed using half the resclution of & static screen. As

4 result, Ethe sprite patbern has a resolution of 236 dots in the
horizontal direction. and the coordinates are x = 0 to 233,

In order tc display a sprite pattecn a5 Bhown  in Pi?. l, you must
create & gprite partern generater table as shown in Pig. 2.

D ARI|AB
1 3 co|cn 7]
2 |2 PIE FIE PJE F|E F{E F|E PIE F
3 |G "Hig BiG H|G H|G #|G Hi{G H|G H
4 I JiT &
5 "~ K LJE L -
& B ¥OHIM N B
7| o #lo 2lo elo ¢}
Pig. 1 Sprite pattern

HEB L58
2 1] g a 1 1 4] ] [
i g [ & 1 1 i) 0 Db
2 1 1 1 i 1 1 1 1
3 1 1 1 1 1 1 1 1
4 g ] Y 1 i 0 [H il
S G & ] 1 i g 4 i
glo ¢ @ 1 1 o & 0
ki 0 a I 1 1 1 4] i

Fig., 2 Pattern generator takble
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The ¢olars of the sprites depend on the settings of the sprite colar
table. Tne upper four bits of the coloer table use controls such as
the Early Clock. The lawer four bits are divided into two graugs  of
twa  bits. The wpper two-bit group is  for the color of the even
pixels, and the lower two-bit group ia for the color of odg plxels.
If the bits are set individdally for each two-bit grogp and the two
groups have different colors, the resolution for sprite colors can be
considered as being 512 dots.

If the volor table is written as shown in Fig. 3, the sprite  pattern
will be &5 shown in Pig. 1.

Msn LEp
8 A F B
1 c 1 ¢
2 E ] E
3 g :| H
4 1 4 J
5 Eobo1
;
G M ! N
7 o | P

Fig. I Color table
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