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ON-SCHEEN DISPLAY CONTROLLER FOR NTSC/FPAL
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DESCRIPTION

The MESOOTS CMOS On—serean Display Gontroller {0:3DC) 1s a perigheral LBI that displays
188 alphanumarie charsciors {34 rows x 12 Bnas) and figures on TV kcresn by & miarocontroller,
Slneg tha MBSOOTE coplalns & charsster ganestor ROM [CER0M) whish is capable ia slom
266 characters including speclalchameion "Kanfl charsciars” and "Harn charscierns”, itcan ba
used ovan for Japanese display, In addifon fa the sandard slphanwmanic daplay,

Tha MESODTS containg & viesa skl genarator for NTECPAL sysiom, 5ot Bha charsctar
and figures can ke displayed spnihatizing with #is Inberally pencratod video signal even no
axhernal videa algasl prasent. Aluo tha MBBOOTS incoiporibes video signal nnalog swilchals o
syrihaslize charactons with & vides signal,

Thiae wicks aulpuls are availstdas on the M BS0OTS: a composhio video, a 10 separmis vides,
#nd & FHEE dhgital culputs. Ales the davica has o video inpuls; moom peshie wideoand & G
smparabe e (npuls, Tha pupaeimpied dis play luseson is posibls ol elfr compesiinvideo
Irput or YiG paparate video input,

Tha MEBDOOTS ls isbricaied by the sllcon—gale CMOS peocess, and packaged In a 28-pln
plasde shrink DEP (Sutfix ; P-5H) or 28—pin plas e S0P (Sullix : PF) package,

Becwus o i MEROOTS O50C dovion has thpso powssll charac o rdispfay srd conirola b e,
it1s aniitebls lor en—scrsan display on such applicable audio=vidoo squipmant as YCHs,

FEATURES

# Charsctar diepley contrellar availabls for NTSC and PAL TV sais

& 24 o i 12 Tnees screwn formalt (Mae, 288 charactenporean]

12 x 18~dot matrbx high-guakly charssber foamal

# 2SE-character sot capability in chansciar ganomior ROM (CGROM) fincluding tha snd code)

# Programmabie display' oon ol
~ Gharacier siee ;| width x 1 halght or 2 widths 2 3 heighis per fine
—Chataeiar diaplay pedition : 32 hodlzantal and 32 varboal positians
=8 kinds of colarimonachnene for undar—sola’charmeter by irtamal vides iignal gensmbor

* Patamed (Borderad) or Hed background charecter display
* On-chip cisplay data FAM (VAAM]
* YWAAM=N function

* Analog Video [nputs
= Composiie vides signal
= YA saparaie vidso danal

26-PIN PLASTIC SH-DIP
(DIP-28P—kin3)
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FEATURES (Continued)
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» Cine=chip video signal ganeealar confomming 1o NTSC and PAL systems
+ Saparste o compatite syns signal inputfouipul
+ Bl saral Input fo inlarface with micreoninler
+ On—chip o dook genaniions
ol buet ok
= Perwar—on resel funclion
» Singjle +5V power supply
» Weda opeming \amparstuns rngs: -G & +T0°C
# Gl leon—gete CMOS procass

= Packege oplions

28-pin plastic ahwink DIP [Suiftx : P-SH]}
£8-pin plastic S0P (Sulfix ; FF)
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Figure 1. Pin Assignment
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Figure 2. Block Dlagram
Voo Vs
| |
EIN
S0LK ™1 B Serlal Dala Intardace Contrd | ©=°" " = To each corniral register
TE —f————t-
] TEVG
Y Bapaatsr | ZYNC Soparater
EWVETH—
Wi = = YOUT
i - Anafog Swilch = YOUT
CIN = COUT
HEYNG —I *
- = VOCH
TETRe NTSGPAL Signal - - Voo
Ganeraior Wedeo Signal Gerarains L
'ﬂ[ﬁ-——-—-l - VOCz
’ woa
¥
= Cutput Condpol
Déspiay Mamary Coniral
L
I VRAM *1 corom
%8 - AFS0
e st | === === To wachblock
XD = Dot Clock
D — Oecilator == === == Tg sach block
Ao Alves
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PIN DESCRIPTION

Figura 1 mnd Table 1 show the pin aasignment snd pin descripiion of the MBSOOTS,

Tabla 1. Pin Descripilon

Symbol PinNa. | Trpe Nama & Function

Wes T - Powaer sopply pin for digitd block

Va3 14 - Ground pin lor digiel biock

Avce L] = | Power supply pin for wnalog biock, The votage lavel applied ko this pin must ba the sans e Ve,

AVea b = | Chound pin for analog block. Tha geound bl must be the sams a1 Vs

Clock : :

EXS | | Irsput o thae Indeenad a4clain unning with &n gxiemal ¢ rosonaior and capacmang ko color
Bt cloek (NTSC: 14 31188 and PAL: 1773447

X8 i o Ohutpert frosmi v intarn] o nciPator runsing with an sotemal eryetal resanaker and capacitons for
color bursl clock (NTSC: 14.31818MHT and PAL: 17. 73447 ]

EXD 15 1 Inpa i e iimigrnal s Rator nuneing with an exbemal LG netwark chneys b dieplay dod disck

¥ 1% o &EﬂhﬂﬁﬂﬂnﬂudMumMmﬁhnhkunmmﬂﬂmnhﬂﬁqﬂl

TRET 3 t Tual wignad in Mormally, ingut & bigh bive! bo this pin. Whan a low level | be
HBE“ pu . iy, ingut & high pirk ] ¥ Inpul, be ura

o 2 | Chip avlectpin Alkw level on thae T3 pin aciivates sevial data ranshor 10 the devica, (TTL lavel]
Ay, in pin b b s el 10 ka0 s powair=on raset. This pinis hysiaresis inpul msd pulled
g e rually,

2 i SN [ for pavial cala it kel dala command data and characiar cate fa
gl 1 ik pins whils the TF b5 sothve (TTL leval), I I eyt k. bnpiat mna prubed up
inimmadly,

ki) I SOLE g for shifl glogl ingut Yo the brvigmal i 1. Al e of BELE, caia an tha SIN
ﬁ'lhthdhmhlLEBﬂInbﬂlmﬂugllhi:ﬂhmr&umrmw ik bar arw ENifad
i MSE. (TTL kel Tha shihad caa s laiched int o 1-Eyte of intennsl cincui FIEC,

Analog VO Fort . : Y SRS

1 i Laminance signal ) far the sepadimpased . A DC—mestnead {D0=clamped)
!'-I'pr-plhniwiiur;ﬂ‘.phn w 1w podes il bl = 1. lﬂ'mr:nuﬂlﬂn‘.

F I Lhioma tfor tha suparimpased display. # signal with a DG 1,87V and
ot m Hplay. Mpt

: i Composise vaden signal input for tha supsrimpoded daplay. t i DC=rwitamd {DO=clamped)
ﬂ:—thmm#H-lv-www.i.m
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Takle 1. Pin Descripiion (Conlinuad)
Symbol Pin Mo, Typs Hams & Funstian
= = 3 T Rk el S -c:-.-\.- -\.?“"‘""E R "".ii"'_":'"'"--\.
WoUT 25 O Compasile video signal outpert pin ﬂ##mmﬂp—nﬁniwhmﬁhﬂh 1¥and podes-

wl evel = 1.57V.

COUT % o Chroma signal aulput pin. This pin culputs & sipasl with a DG 1.57V and a colior bursl =0.5Tvp—p,
YOUT & ] mhnrﬂminmm This pin culpuls 2%p—p signal with syne Bp level = 1V and pedasial
THLE. 8 o Vattical Banking signal autputpin. Thik pin ouipuis & law lewel during the verScal blanking interval,

T
wob i o Thie is an characier and s bechground skgnaly aulput pln, (TTL lavel)
Wiile fhis pis quipuls a high level, character and pafemad o Bled bagkground information are

VOO0 18-20 4] Theas ane charsctar signal cutpul plae, (TTL level}
These pins aulpat o character color, chareoiar background color and undgr=color,

ﬂ ﬂl wgﬁﬁlﬁuﬁ‘ u""f' .--\, -\.-\:--\.--\.-_t + :._.. "'-C- _:; -' -\..i- ..-_ -\.-.\_"": " _,'\q.. .- .\... :.-\.-\.l.;_':-\. o .S"":ﬁ_{_";ﬂ

CETHG B [a] Eﬂnpn:lln This signal is oulpul alter baing saparated rom e com:

w-ihl-hiuh 'fu- ’jﬂi

HETHG ] o Harlzontal syne signal oulout pin. This pin s ales used b compoaiie syne Bgnal culpul. Fi-
m#wmnrmmm.mqmmmm e Fgne

VETHD 1" o Viartieal syne signal cutput pin, Also, by foecing thr TEST pin low, it cutputs an ascllation cleek
T Tl ol ok,

EVEETH 12 | Exlamal horzanial syne signal inpul pir. This pin (8 ales vsed b campasile syee signal ingut

Thite 5 & bysteveals Rput snd intsmally pulled—up.

EXVSTH 1’ [ Exlarnal wardcal sync signal inpul pin. This [s a hystaresis Input and Intemally pul'sd-up.
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MBSO075

DISPLAY FUNCTIONS

Thar MBS0ATH peovidas o kypis of seeen diapliy: sasemal kyn cordnthed opdration and iniemal syne conrofed oparation. Extenal gyme eom-
weled oparakion 1t used for e superimposid display of i gatéinilly irpul video Signal and charscien. Inbamal syne conirolfed operason is ussd i
ety chaae o whar supsrimpoising B with the inbimalty ginsad video oigral gensnsted by the buili-in video Signal genaraior. I inbeenal
sy conrolled apardtian, te MBEOOTE alows B-color color dhplay.

Ei'lﬂ shows diaplay sxamples in dach vidoo moda.
Figure 3. Video Modes

INT. SYNC CONTROL

Eustemnal gpnc conieolbed opsiration Icimrmeal 5y NG conirolied Gy ration
{Superimpored dplay) (Coloumgnochsgens gray Boile ditplay)

Mew:  For eciemal syne controlled oparabion, characiars ang always displayed with monechroms gray scaks.
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MB90075

DISPLAY SCREEN CONFIGURATION

The MB90075 has a 288—character display memory (VRAM) so that when using the standard character size, it can display characters in up to 24
rows x 12 lines (= 288 characters) on one screen. When using enlarged characters, the number of characters that can be displayed on a screen is
reduced dopending on how much they are eniarged. Two character sizes (called standard size and enlarged size) can be set and specidfied either
size for each fine. So, the MB30075 can display characters of two dilferent sizes together on the same screen. Figure 4 shows the dispiay screen
configuration.

Figure 4. Display Screen Configuration

-— 24 rows

12 lines ! :

VRAM




Flattsy i

MB90075

CHARACTER CONFIGURATION

The MBA0O75 incarporates characler genarator ROM (CGROM) that can store up 1o 256 charactars including the end coda. Each characler gener-

aled by CGROM consists of a 12 x 18 dot matrix.

Each character s displayed with a dot matrix consisting of 12 dots in the horizontal direction (row) and 18 dots in the vertical direction (line) as shown

In Figure 5.

Also, two types of charactar size are available on MBRO07S: A standard slze which consists of 12 x 18 dotmatrix and an enlarged size which consists
of (12 x 2) x (18 x 2) dot matrix. Theso two types of characler size can be specified for each line on tha screen. Figure 6 shows an example of

charactor display with coaxisting two typos of size.

Flgure §. Character Dot Configuration

D : Withou! pattern

. : Background pattern displayed when pat-
terned backgraund Is specified

. : Character pattem

Flgure 6. Example of Enlarged and Standard Size Characters Display

ND123456789A8B
OPQRSTUVWXYZ
mnopqrstuvwx
PRI R 10 4
Aty bF—
ABCDEF
MNOPQR
AH KKK E L FEMIE5 8
BTNy A

oteco ©
\) T Nand

- O
\]éf_wm\l,::z'c

1 A
'E'—]EO;?.?Z:

=il

I JKLMN -1 Standard

ghijkl

%35: f6 lz:ﬁaht% Enlarged (double width
2 3 4 —1— x double helght)
JKL

a};ﬂgi _|_ Standard

234567

)
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MB90075

CONFIGURATION OF CGROM

The Character Generator ROM (CGROM) is configured with 12 dots horizontal x 18 dots vertical. It has a storage capacity for up to 256 character
including the end code. The CGROM's address is corresponding to the character’s code. Figure 7 shows the CGROM's configuration.

Figure 7. CGROM Configuration
CGROM Address (character coda) 12.x 18—dot matrix

00H User arga
.
OtH User area ‘.
\‘ .

02H User area ‘.

[ . ' N Y

. [} ' .

] L] ] .

: ! :

H ! : .

.
N LY
FEH User area .
. :
(End Code) FFH |  Blank character : I

(Example of character)

CHARACTER DISPLAY FORMAT

The MB90O075 allows to select a character display format from “character-only", "pattomned background (border)”, and "fifled background" displays
for each line by setting the internal registers (BC and BK bits set by command 6). Figure 8 shows an example for each of the character display
formats,

Figure 8. Character Display Format
| [ TEA ]

]

| =
11 1 N

BC=0 (character-only display) g’_g;l})BKﬂ (pattemed background  ge.1, BK=1 (filed background display)

10
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MB90075

CHARACTER DISPLAY START POSITION -

The MB20076 allows 1o choose from 32 display start positions each In the horizontal and vertical directions by setling each internal register. By
sefting the appropriate display start positions depending on the screan configuration, you can arranga charactar placement so itis balanced across
the screen.

To setthe display start position of characlers, spacify the dot position at the upper left corner of the character atthe upper left part of the screen. The
display start position can be setin units of charactars in the horizontal direction, and in units of two dots In the vertical direction. Figure 9 shows how
the start position Is specified In the hotrizontal and the verlical directions,

Flgure 9. Character Display Start Position

Vertical display start position
3

Display Scraen

e e ——-—

———tepn

Horizontal displgy
slart position

11
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DATA TRANSFER

Display contral commands and data are writien to the MB90075 via 8-bit serial transfer block. This serial transfer is done by using three signals:
T3 (chip select), SCLK (shift clock), and SIN (serial data input). Figure 10 shows the timing of serial transfer. The T3 pin is for the chip select
signal, andis set Low for serial transfer. The SCLK pinis for the shift clock signal for data reception. The SIN pin is for the serial data input signal.

The data s eight bits length, and sequentially shifted into the SIN pin beginning with the least significant bit (LSB) . The data is latched and shifted
in on each rising edge of the shift clock input to the SCLK pin as shownin Figure 10. The transferred data is loaded into the internal FIFO (First~In,
First-Out) 1-byte bufier on the shift clock rising edge at the eighth bit. The data is read from FIFO and processed at times other than the display
memory wiile period. Thus, commands and dala can be written to the MB90075 at any time regardiess of ils display operation (i.e.,
asynchronously with display) by using the FIFO buffer.

In serial transfer, the number of received bits is counted by shift clock counts. Serial transfor may be reset by forcing the TS pin High; the reset can
be cleared by driving the T3 pin from High to Low, so that the subsequent eight bits of data (eight shift clock counts) are handled as byte data. In
this way, byte synchronization can be maintained by using the TS pin.

If the T3 signal goes High before eight bits of data are transferred, the data becomes invalid.

Figure 10. Serlal Transfer Timing

.

w1 N r
e R R R N KRR E NNy N
(LSB) (MSB) {LSB) (MSB)
000000 G0 300000
(First byte) (First byte or second byte or n'th byte)

* To maintain byte synchronization, the TS pin should be temporarily retumed High before serial data transfer and set Low level to initiate
data transfer.

12
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MB90075

CONTROL COMMANDS

The MB9007S contral (display control) is dono by wriling data to the intemal registers and display memory via serisl data transfer. Table 2lists the
display control commands of the MB20075

Table 2. Display COglrol Commands

Preset VRAM address.

Set characler and character
background color

Wrile character coda to
VRAM,

Reserved command.

Conlrol screan and sync.

Reserved command.

Control characler display
in line.

Set vertical display start
position,

Set horizontal display
start position.

Reservad command.

Set under—color,

1

12

11| 1ol 1fofjofoJofolo]o}o] ol o] oRreseredcommands

14 1 1 1 1 ofjo 0 [ [ ojolo]o 0

16 1 1 1 1 1 0 0 0 0 oo o{o0}lo|o 0

Notice that Reserved Commands (Command #3, 5, 9, 11, 12, 13, 14,
and 15) are not effective for the device control, Do not issue these
commands.

13
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MB80075

COMMAND DESCRIPTION
The following describes each command in detail and explains the operation,
Command 0 (Preset memory address)

[Function)

When writing characler code and character color 1o the display memory (CYRAM), this command specifies the write address. The write address
must be specified using this command befare data can be written to VRAM by using command 2.

[Command format)
(MsB) 7 6 6 4 3 2 1 0 (LSB)
First byte 1 0 0 0 () FL | As | A7
(MsB) 5 6 5 4 3 2 1 o (sB)
Second byte 0 AS A5 Ad A3 A2 Al A0
FL  : VRAM-fil specitication bit
A8-A0 : VRAM address bits
[Description]

The VRAM addresses are 9 bits length, and range from 000H to 177H. Addresses are specified by row (V) and column (H). The four high—order bits
(A5-AB) are used to specify the row address, and the five low—order bits (A0-A4) are used to specify the column address within the row.

Whon FL bit= 1, VRAMHili is dona. VRAM-fill means to write the specified character codes into the VRAM address from the specified address to the
last address. When FL = 0, VRAM-ill is not executed.

Also, VRAM address is automatically incremented by writing character code using command 2. character code is written to VRAM together with its
character color character~-by—character. VRAMHillis executed byissuing command 2, However, do notissue any command during the execution of
VRAM-fill. VRAM-fill fon time is approximately 600us to 1ms. (Valid sync signal inputis required when operating under external sync con-
trol.)

Though the VRAM addresses are non—contiguous, the address auto increment can be done by detecting free space in VRAM address to enable
writing to contiguous addresses,

14
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MBS0075

Command 1 (Charactér Grayscale(Cofor) Control)

{Function)

This command sets character grayscale (color) and characler background grayscale (color) dats,
{Command format]

(MsB)

First byte

(MSB) 0

Second byte C2 ci | CO B2 | B1 80

C2-C0 : Character grayscale (color) spacification bits (for each character)
B2-B0 : Charactsr background grayscale (color) spacification bits (for each scraen)

{Doscription]

The character grayscale (color) dala specifios characier grayscale or characier color for video output and whether or not the character signal is
output to the VOG2-VOCO pins. This specification can be mada for each character, and the data ls written into VRAM and reflected in screen display
by issuing command 2 (write characler code). The characler background grayscale data specifies character background grayscale for video output
and whether or not the character background signal is output to the VOC2-VOCO pins. When this command ig Issued, the character background
grayscale for the entirg screen is output as set,

C2, C1, CO bits : These bils specily character grayscale (color).
B2, B1, BO bits : These bits spacify character background grayscale.

Character signal output {for G2, C1, C1 blts) slr'u)ncur background signal output (for B2, B1, B0
s,
Ce/ | C1/ .
B2 | Bt gg’ Digital output leve! Vidao output Digitad output levat Vidao output
YoC2 | VOCt | voco Color Monochrome | VOC2 | VOC1 | VOCO Color Monochrome
Gray level 0 Gray level 0 | Gray lavel 0
oo o] L L L Black B L L L (rack) (Black)
0 0 1 L L H Biuve Gray fovel 1 L L H Gray level 1 | Gray level 1
0 1 0 L H L Red Gray lovel 2 L H L Gray lovel 2 | Gray lavel 2
0 1 1 L H H Magents Gray lovel 3 L H H Gray level 3 | Gray lovel 3
1 0 0 H L L Greon Gray lovel 4 H L L Gray lovel 4 | Gray level 4
1 (] 1 H L H Cyan Gray lovel 5 H L H Gray lovel 5 | Gray level §
1 1 0 H H L Yelow Gray leve! 8 H H L Gray level 6 | Gray level 6
i Gray level 7 Gray level 7 | Graylovel 7
1 1 1 H H H White %ﬁw) H H H (White) (White)

Use CM bit of command 4 (Screen Control Register) to spacify color/monochroms for video output. Note that video output for color display is only
available when operating under intemal sync control,

15
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Command 2 (Write character code)

[Function}
This command writes character code to the VRAM.

[Command format]
(MsB) 7 6 5 4 3 2 1 0 (LsB)
First byte 1 0 [¢] 1 0 [ 0 M7
(MsB) 7 6 5§ 4 3 2 i 0 (LSB)
Second byte 0 M6 | M5 M4 M3 M2 M1 Mo
M7-MO : Character Code Specification Bits
[Description}

Command 2 sets the character code data. The data set in this register is written to the VRAM address specified by the write address register (com-
mand 0) along with the character grayscale (color) data (command 1). The character code is represented by eight bits from M7 to MO. The 256 kinds
of character pattems 00H-FFH set in the internal CGROM can be used by setting these bits accordingly. When the data write operation is com-
pleted, the write address is automatically incremented.

Note ; Write to VRAM is not executed during the HSYNC interval that the dot clock is idle. For this reason, if the HSYNC input is fixed low when
operaling under external sync control, no data can be written to VRAM. Also, notice that write to VRAM may not be executed jf an unnecessary long
period of HSYNC pulse is input. To ensure correciwrita to VAAM, sel the HSYNC pulse width and the data transfer period (8-bit serial transfer time)
so the equation below is met:

HSYNC Pulse width ~ 3 ps < 8-bit serlal data transfer perlod

Command 4 (Control the Screen)
[Function]
This command exercises sync signal control and screen control.

[Command format)
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(MsB) 7 [ 6 4 3 ' 2 1 0 (LSB)
First byte 1 0 1 o] o Ef] IN| o
(MSB) 7 6 5 4 8 2 1 0 (LSB)
Second byte 0 0 cM| of Np| O ()} De

IE : This bit specifios intemalextamal sync control,

IN ; This bit specifies interlace/non-Interlace control,

CM : This bit spacifies color/monochrome display (video signal output).
NP : This bit specifies NTSC/PAL control,

DC : This bit specifies display control.

[Dascription)

When IE = 0, the device operates under intarnal sync control. The video signal output characlers are displayed in color or grayscals (8 gray lavels).
The characiar background is outpulin grayscale (8 gray lavels). The undar~color, a background for the entire screen, is outputin color or grayscale.
Color display or grayscale display is specifiod by the CM bit,

When IE = 1, the dovice opetales under extemal sync control. In this case, the video signal ouiput and character background are displayed in
grayscala. No under-color is oulput. Set tho CM bit to 0. Otharwise, an unstable color like a rainbow will be displayed since the burst signal of
axtomal sync signal snd the MB90075's chroma signal are asynchronous.

WhenIN = 0, It spacifies interace—scanned display. Whan 1, it specifies noninterlace-scanned display. Howaver note that this specification is only
velid under intemal syne controlled operation.

When CM «= 0, the video signal output when operating under interna! sync control Is displayed in monochrome, with character and under—color dis-
played in grayscale.

When CM = 1, the video signal cutput when operating under intsral sync control is displayed in color (both charectars and undar—cokor), Note that
sot CM = 0 when operating under exiernal sync control.

When NP = 0, the NTSC—standard signal is output. When 1, the PAL~slandard signal is output. Nole that this bit must be set cormectly even when
opetating under extemal sync control,

Whan DC =0, the davice doss not display for neither characiers nor character background. Itanly display the under—color. (The under—colorin video
signal output is only displayed when operating under intsrnal sync conirol.) When DC = 1, the device produces the display output.

Command 6 (Control Lines)

{Function)

This command controls character background and character enlargement for erch fine,
[Command format)
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(MSB) 7 & 5 4 3 2 1 0 (LSB)
First byte 1 () 1 1 0 BK] a1 0
(MSB) 7 6 5 4 3 2 1 0 (LSB)
Second byte 0 BC VD DG|] N3 N2 N1 No
BK : Character background control bit
G1 : Character enlargement control bit
BG : Character background output bit
VD : Video output control bit
DG : Digital output control bit
N3-NO : Line specification bit
[Description]

When BK = 0, it specifies a patterned background display. When 1, it specifies a filed background display.
When G1 =0, it specifies standard character display. When 1, it specifies an enlarged character display where the character size is doubled.
When BC =0, the device does not output the character background. When BC = 1, outputs the character background.

When VD = 0, the device doas not oulput a characler signal and character background signal to its video output pins (VOUT, YOUT, and COUT).
When VD = 1, they are output to the video output pins (VOUT, YOUT, and COUT).

When DG = 0, the device does not output a character signal and characler background signal 1o its digital output pins (VOC2-VOCO, and VOB).
When DG = 1, they are oulput to the digital output pins (VOC2-VOCO, and vOB). .

The N3-NO bits correspond to the AB~AS bits for the fine address of VRAM address specification,

Command 7 (Set vertical display start position)
[Function]

This command controls synchronization and sets the display start position in the vertical direction.

[Command format]
(MsB) 7 6 5 4 3 2 1 o (LSB)
First byte 1 0 1 1 1| ec| o 0
(MSB) 7 6 5 4 3 2 1 o (LSB)
Second byte 0 0 0 Y4 Y3 | Y2 Yi Yo
EC : Contro! bit for sync signal cutput
Y0-Y4: Vertical display start position bits
[Description)

18
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Whan EC = 0, the FSYNC pin outpuls a composite sync signal. The VSYNS pinhasits outputlovet fixed. When EC = 1, the TSYNG pin outputs a
hotizontel sync signal. The VSYNT pin oulputs a vertical sync signal.

Y4-Y0 setthe vertical display start position. The vertical display start position can ba setin the range from O0H to 1FH and can be movedin units of
2dots. The position is given by the number of ISYNT low pulse ahor a high-going transition of the VBTR (vertical blanking) pulse.

Vertival Display Start Position » Y4 x 2% 4 YIx24Y2x 2+ YIx224YOX 2! +§ {Unit : HSYNC)

Note : When Y4-YO0 are sotto 0, the vertical display slart position Is 2H. The rising adge position of VBLK s 15H (for NTSC) or 20H (for PAL) after
the rising edge of VSYNT. Figute 11 shows the ralationship between the vertical display siart position v&. VSYKC and VBLK,

Figure 11. Vertical Display Start Position

NTSC: 15H
PAL : 20H

Vertical display
slant pasition

Command 8 (Set horizontal display start position)
[Function}

This command controls the sync signal and sets the horizontal display start positio

[Command format)
(MsB) 7 6 6 4 3 2 1 0 (LSB)
First byte 1 1 0 0{ 0 SsC 0 (1]
(MsB) 7 [ 6 4 ] 2 1 0 (LsB)
Second byte 0 0 0 X4 X3 | X2 | Xt X0
SC : Sync signal control bit
HO-H5: Horizontal display start position {00H-3FH)
[Description)
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When SC = 0, the EXHSYN pin is set for composite sync signal input. So, the signal inpul to the EXVSYN pin is invalid. When SC = 1, the
EXHSYN pin is set for horizontal sync signal input. The EXVSYN pin is set lor vertival sync signal inpuL.

The horizontal display start position can be setin the range from 00H to 1F and can be moved in units of characters. The start position is
given by the number of dot clock pulses after the rising edge of .

Horizonta! Display Start Position = (X4 x 2 + X3 x 2° + X2 x 224 X1 x2' + X0 x 2° + 15) x 12 (Unit : Dot CLock)
Figure 12 shows the refationship between the horizontal display start position and RSYNC.

Figure 12. Horlizontal Display Start Position

Display Screen

|<——> Horizontal Display Start Position

HSYNC '_‘——L—ji
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Command 10 (Control under-color)

[Function)]
This command controls the under—color which is diplayed on a full-sereen by intemally generated video signal.

[Command format]
(MSB) 7 6 5 4 3 2 1 0 (sB
First byte 1 1 0 1 0 0 0 0
(MSB) 7 [ 5 4 3 2 1 0 (LSB)
Second byte 0 0 ] 0 (] U2 V] uo
U2-U0 : The under-color (full-scraen background color) specification bits
[Description}

U2-UD bits specify the under—colar (full-screen background color).

‘The under-color is displayed in areas other than thosa of characters and characters’ background. The under-color of video outputis enly output
when operating under internal sync control and is displayed in color or grayscale depending on the setting of CM bit with the command 4.

Under-Color Output
1 .
vzt uo Digital cutput level Video output
vOC2 | VOC1| VOCOo Color Manochrome
Gray level 0
0 1] 0 L L L Black (&“k)
0 0 1 L L H Blue Gray level 1
0 1 0 L H L Red Gray level 2
0 1 1 L H H Magenta Gray levet 3
1 0 0 H L L Green Gray level 4
1 0 1 H L H Cyan Gray level §
1 1 0 H H L Yelbow Gray level 6
i Gray lavel 7
1 1 1 H H H White (mite)

21
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ANALOG SWITCH CIRCUIT

Figure 13 shows a functionally equivalent circuit of the analog swilch section used to synthesize character information with an extemally input or

internally generated video signal.
Figure 13. Equivalent Circult of Analog Switch Block
ViIN O ﬁq 3 —O vout
Composite
video signal
generator
YN O MD % —O yvout
Luminance
signal
generator
L
CIN O MD J O cour
Chroma
signal
generator
—— ] teeeeeeamaenan
{  CMOSanalog 1
! swilch '
) 1
1 1
1 ]
1 L
Analog switch control circuit : Eﬁ '
1 )
t ]
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EXTERNAL SYNC CONTROL

External sync control produces supsrimposed disptay by phase-synchronizing the MB30075's intemal sync signal with an external sync signal. The
exiarnal sync signal can be a H/V separate sync or a composite sync signal,

H/V Separate Sync Signal Input

By setting the SC bitto 1 by command 8, the EXHSYN pin can be used for horizontal sync signal input and the EXVSYN pin for vertical sync
signal input, repectively. The pin contains a filter 1o cut signals below 35 to eliminate noise and other unwanled components.

Vertical synchronization is detected by the intemnal VSYNG detection pulse. H a faling edgo of the vertical sync signal cocurs near this
VSYNC pulse, a 1H delay may result, causing a vertical drift in character display. Figure 14 shows how the vertical sync is detected.

Figure 14, Vertical Sync Detect Operation

—— |

Input vertical sync signal

VSYNC detection pulse | l | ‘ |

Intemal vertical sync signal

o ForNTSC
tvl = 340 (4FSC clock) = approx. 238 s
tv2 = 706 (4FSC clock) = approx. 5.6 ps

s For PAL
vl = 426 (4FSC clock) = approx. 24.0 us
tv2 = 934 (4FSC dlock) = approx. 56.0 ps
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Composite Sync Signal Input
By setting the SC bit of the horizontal display start position register (command 8)t0 0, the EXHSYN pincanbe used forcomposite sync signa! input.

Vertical synchronization is detected by measuring the pulse width of the signal inputto the EXHSYN pin. When the pulse width of the signal inputto

the EXHSYN pin is equal to or greater than 11.5 ps, the signal is assumed to be the vertical sync pulse; when equal to or greater than 3 s, itis
assumed to be the horizontal sync pulse. Signals less than 3 us in pulse width are ignored as noise.

Figure 15 shows the internal timing of sync separate operation.

Figure 15. Internal Timing of Sync Separate Operation

3pus—-115ps , 11.5 s of more 3usorless
t 1
L 1 i 1

) ]
Input composite sync signal ' , | | | |
1]

i

] ]
) [}
1 t
[} 1
1 1
——-I [_—'_l -r A —
Intemal horizontal sync signal : : ,
) 1
- He -~
1 t ¥ 1 3
3ps Ips ;e
: P
1
Internal vertical sync signal '
i 1 4
(et

115 3H

Note:  The exact value to determine whether or not a vertical sync pulse is 11.45 ps for NTSC and 11.50 us for PAL

e ForNTSC,
3 ps = approx. 45 (4FSC clock)
11.45 pis = approx, 164 (4FSC clock}

» For PAL
3 ps = approx. 57 (4FSC clock)
11.50 ps = approx. 204 (4FSC clock)
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POWER-ON RESET

A power—on reset means that the device genorales an intsmal resel signal to initialize its operation upon detection of power-on.

Inpul the TS signal four times lo cloar & power-on resat,

Figure 16 shows a timing of how a power-on reset is cleared.

Figure 16. Clearing Power-on Reset

Vee —f

Internal rasat signal

-G-Sinput || H ” ”

DEVICE INITIALIZATION

When reset at powar-on, the MB30075's screen control register has ts IE (intemal/extemal sync control) bitand DG (display contral) bitcleared 100,
and screen display is tumed off under intemal sync control.

After power~on, clear a power-~on reset first. Then, setthe screen control register's DC bit o 1 to tum display on after sotting all register data and all
VRAM contents to be displayed.
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIM

Vss+7.0 Make sure no different voltage
level batween AVce and Vec.,
AVee Ves-0.3 Vss+7.0 v Make sure no different voltage
Power Supply Voltage * level betwean AVce and Vee.
Make sure no different vollage
AVss Vss-0.3 Vsa7.0 Vv level between AVce and Vec.
Should not exceed Vee + 0.3V
Input Voltage VN Vss-0.3 Vss+7.0 v Should not exceed Vee + 0.3V
Output Voltage Vout Vss—0.3 Vss+7.0 v Should not exceed Ve + 0.3V
Power Dissipation Po 600 mwW
Operating Ambient .
Temperature Ta ~30 +70
Storage Temperature Ts1a -55 +150 °C

NOTE : Permanent device damage may occur if the above ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be
restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for
exiended periods may affect device reliability.

55 Operation guaranteed range
Vss 0
Power Su| Volta Y
pely g AVec 45 55 Make sure no different voltage level
. § between Vcc and AVcee.
AVss 0
Input High Voltage Vhs 0.8eVee Vec+0.3 v
Input Low Voltage Vs Vss-0.3 0.2¢Vce v
Analog Input Vohage AVw o Vee v
Operating Ambient Ta -3 +70 <
. Temperatwre
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DC CHARACTERISTICS
(Recommended operaling conditions unless otherwise noted.)
PinPort Condil - Remarks: . -
Syrabol ton Min Top 1 i ] i) Remeks .
Veo=4.5V
YOC2, VOCt, 24 v
) VOGO, VOB, fo3-2004A
Output High Voltage | Von VBLR, CSYNT.
HSYNC, VSYRT | Vecxd.5V
foHm—10pA 40 v
0, A Vcoxd 5V
Output Low Voltage | VoL VBLR. CSYNC. | koimd 2mA 0.6 v
HSYRT, VSYNT
%‘-é‘ | smcm. Vee=5.5V
L E A CC=).
Input Current I EXVSTN, V04V ~-60 pA
TEST
\hl:cc-;SASV
=4faC=17.734475
Supply Curent ke Vec. Avee MHz, foc=EMHz 60 mA
Unloaded
Vee=AVeo»4.5V
Rvon VIN-VOUT 10L=1004A 320 Q
ON resistance
R VeeeAVec=4 5V a
RyoN YiN-YOUT 1oLw100pA 320
Acon VeceAVee 4.5V
CIN-COUT loint 320 n
5 Vec=AVees5.5V
IvoFF VIN ViNa5.5V 10 HA
OFF Loaksge VockAVCSsS5.5Y
Current IYoFF YIN Yva5 5V 10 [17.1
VoeuAVee=5.5V
loore | CIN CHe5.5V 10 |
Yellow Upper Level | Vvewk Vour VcC=AVCCos5.0V 255 266 .17 v
Yellow Lower Level | Vvewl 2.18 229 2.40 v
Cyan Upper Level | Vevan Vour Vce=AVeCs5.0V 243 254 5.08 v
Cyan Lower Lovel Veva, 1.95 206 217 v
Green Upper Lave! | VGheH Yout VecwAVeea5.0V 232 243 2.54 \
Greon Lower Level | VoheL 1.89 2.00 2.1 v
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DC CHARACTERISTICS
Recommended operaling conditions unless otherwise noted )

Magenta Upper | vinan | vour Veo-AVcosSoV | 215 226 237 | v
Magenta Lower

Level VMAGL 1.72 1.83 1.94 v
Red Upper Lovel VREDH Vout Vce=AVee=5.0V 209 2.20 2.3t v
Red Lower Level VREOL 1.60 1.71 1.82 v
Blue Upper Lovel Vatud Vour Vee=AVcc=5.0V 1.86 1.97 2.08 v
Biue Lower Level VaLuL 1.49 1.60 1.7 v
E:v'z'f BurstUpper | vasru | your Vec=AVee=5.0V 1.74 1.85 1.96 v
Color Burst Lower

Lovel VBsTL 1.18 1.29 1.40 v
White Level VwHr Vour Vee=AVec=5.0V 2.38 254 2.70 v
Black Level VB Vour Vec=AVee=5.0V 1.52 1.68 1.84 v
Gray Level 1 VaRy1 1.64 1.80 1.96 v
Gray Level 2 Vanya 1.75 1.91 2.07 \
Gray Level 3 Vaava 1.87 203 2.19 v

Vour Vee=AVce=5.0V

Gray Level 4 VGRY4 2.04 2.20 2.36 v
Gray Level 5 VGRys 2.15 2.31 2.47 v
Gray Level 6 VaRys 2.27 243 2.59 \"
Pedestal Level VrDs Vour Vee=AVee=5.0V 1.49 1.57 1.65 v
SYNC Level Ve Vour Vec=AVce=5.0V 0.84 1.00 1.16 \
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Figure 17. Outputs on Vour
VYELH  Vevan
v .
GRY$ -
VaRYs —nl. )
VGRY4 : 1 !- xcrm
] ’ (- GRY2
VYELL . i VGRYY
) ’ VBLK
Vest =!; VGREL -
MAGL
VReDL Ve
Ve e
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DC CHARACTERISTICS
Recommended operating conditions unless otherwise noted.)

Yellow Upper Level Vec=AVce=5.0V

Yelow Lower Level

Cyan Upper Level Vee=AVec=5.0V

Cyan Lower Level

Green Upper Lavel Vee=AVce=5.0V

Green Lower Leve!

mmu Upper Vec=AVec=5.0V

Magenta Lower
Level

Red Upper Level Vec=AVcc=5.0V

Red Lower Level

Blue Upper Level Vcc=AVce=5.0V

Blue Lower Lavel

Color Burst Upper " "
Lovel Vce=AVeo=5.0V

Color Burst Lower
Level

Pedestal Level Vcc=AVee=5.0V
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DC CHARACTERISTICS

Recommended operating conditions unless otherwise noted.)

B © Value : - i
: Remarka -
e Symbot | PinfPort Gondtlon oy Tre Yy l_Jn!f: .

White Level Ywur Your Vce=AVeea5.0V 238 2.54 2.70 v
Black Level YaLk Yout VeenAVeenS.0V 1.52 1.68 1.84 v
Gray Level 1 Yehyt 1.64 1.60 1.96 \"
Gray Level 2 Yary2 1.76 1.91 207 \
Gray Level 3 YGava 1.87 203 2.19 Vv
Yout Vee=AVee=5.0V
Gray Level 4 YGRva 204 2.20 2.3 v
Gray Level 5 YGRYS 2.15 231 2.47 v
Gray Level 6 Yanvs 227 243 2.59 v
Pedestal Level Yr0s Your VeeeAVee=5.0V 1.49 157 1.65 A
SYNC Leve! Yo Your Vee=AVeesS.0V 0.84 1.00 1.16 v
Figure 18. Outputs on Cout and YouTt
CestH Cevan CGREH CMAGH CREOH
= Cvew - B Il
Crps ——»
Cyew ) 1 Cewu
Cosri CovaL CGREL CMAGL CREDL
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AC CHARACTERISTICS
(Recommended operating conditions uniess otherwise noted.)
Osclll Characteristics

Input signal with duty 50%
is required.

Input signal with duty 50%
is required. NTSC system

Input signal with duty 50%
is required. PAL system

Display Dot Clock Frequency EXD, XD

14.31818

Color Burst Clock Frequency )E(és
17.734475

Figure 19. Clock Circuit Configuration

Color burst clock
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AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Serlal VO Interface Timing

Parameler

Shift Clock Cycle Time

Shift Clock Pulse Width

Shift Clock Rise Tims

Shift Clock Fall Time

Shift Clock Start Time

Data Setup Time

Data Hold Time

Chip Select End Time

Chip Select Rise Time

Chip Select Fall Time

Horizontal Sync Rise Time

Horizontal Sync Fall Time

Vertical Sync Rise Time

Vertical Sync Fall Time

Horizontal Sync Signal Pulse Width |  twi EXHSYN 44 50 hs mecnsml?fgﬁm.
Vertical Sync Signal Puise Wicth | twy EXVEYN 1 5 H rﬁ«g'lsmlsse:rf?nl:m
foricpa e SanwDakeie | o | TR | 44 so | e | fhen i conpoti
Vi SwralDacive [ ey | ExvETH | 10 m | e | Mty e
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Figure 20. Data Transfer Timing

0.8eVcc

Figure 21. Shift Clock Hold Timing

x 7th bit of data Oth bit of data X

Figure 22, External Sync Signal Input Timing
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EXHSYN

EXVSYN

EXHSYN —-I-l'_‘

Figure 23. External Composite Sync Signal Input Timing

0.2¢Vecc

0.8eVeC

[

—

| SP—— H e ——
[ twesv

—

«—— Vertica! Sync Slgnal Pericd (3H) —

Power-On Reset Timing

Value

Passister - | Symbus Unit | Remerka

m Min Max ;

Power Supply Rising Time tr 0.05 50 ms | Required for the operation of the power-on reset circuit
Power Supply Shut-off Time foff 1.0 - ms | Required for the accurate circuit operation repeatly.

Power supply should be raised smoothly.

Figure 24, Power-0On Reset Timing

A
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RECOMMENDED EXTERNAL SYNC SIGNAL INPUT TIMING
Composite Sync Signal Input Timing

Number of frame scanning ines

Field frequency

Line frequency
Vertical blanking interval

First equalizing pulse interval 3 25

Vertical sync pulse interval 3 25

Second equalizing pulse interval ] 25
Equalizing pulse width 22910 2.54 23510.1

Equalizing pulse petiod 05 05
Serrated pulse width 38110534 47%0.2

Serrated pulse period ' 05 05
Horizontal sync signal period 63.5555 64

Horizontal sync signal pulse width 4.7% 0.1 4.7 0.2

FIBIB(x|Bl{x|{Elx|x]|x]|x

Horizontal blanking time 1050 114 1210.3

Note 1: H is counted in units of horizontal syne signal periods (i.e.. TH = one horizontal sync signal period).

H/V Separation Sync Signal input Timing

Vertical sync signal frequency 59.94 50

Vertical sync signal pulse width 105 1

Horizontal sync signal period 63.5555 64

Horizontal sync signal pulse width 47101 47+ 02

Note 1: Figures in ( ) are for color display.
Note 2: H is counted in units of horizontal sync signal periods (i.e., 1H = one horizontal syne signal period).
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INTERNAL SYNC SIGNAL OUTPUT TIMING
Horizontal Timing
“ Paremeier NTSC Stndard PAL Standard Unh Remarka
HPS 0 ° Adisc Clock | See Figure 25.
EP1E 35 42 4sfsc Clock
HPE 68 84 4efsc Clock
HBSTS 76 100 Aefsc Clock
HBSTE 112 140 dofgc Clock
HBLKE 136 186 defsc Clock
SP1S 388 484 Aefsc Clock
EP2S 455 568 4efsc Clock
EP2E 490 610 4efsc Clock
sP2s 842 1050 4sfsc Clock
HBLKS 888 1106 Asfsc Clock
HPS 010 1135 4sfsc Clock
(137
* : The value in the parentheses is appYed at the final raster.
Vertical Timing
_ 'Pulmc.!or NTSC Standard PAL Standard Unit Remsrke
Coaen intarlaced - | Non-Interlaced Intarisced | Non-Interlaced
VPS 0 0 0 0 0.5H
VPE 6 8 § § 0.5H
EQPE 12 12 10 10 0.5H
VBLKE 36 38 a5 45 0.5H
VBLKS 519 519 620 620 0.5H
VPS 525 526 625 626 0.5H

The 0.5H in the above lable indicate the count vakues of 1/2H on the horizontal sync signal.
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Figure 25. NTSC/PAL Horlzontal Timing

s

Video signal
Equalizing pulse
Sarrated pulse

Horizontal sync signal

Horizontal blanking interval

MB90075
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Figure 26. NTSC Ventlcal Timing
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PACKAGE DIMENSIONS
MB90075P-SH
28-LEAD PLASTIC DUAL IN-LINE PACKAGE
{CASE No.: DIP-28P-M03)
16°MAX
ke T8 e 8 ke 1 v 8 e 0 s 1 e N ke I e 0 I e e 0 o e,
INDEX-1
\ .
\3 358£.010  400(10.16)
(0.10£0.25)  TYP
/ N —— — -]
INDEX-2" | B Gl G G f L T B G G g o G G xy
1.024 +:308(26.00 1029) LI 010£002 ;
(0.2510.05)
| 070{1.778)MAX
[
191(4.65)MAX
’ * ! ! 1 , .118(3.00)MIN
0702007 _..L_ ‘”‘ 016004 || oseg® 020(0.51)MIN
(1.77840.18) 1T (0.4520.10) 080
(1.0013:6%)
e 910{23.114)REF
pimensior_mgin
©1991 FUJITSU LIMITED D280128-3C inches (millimelars)
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