Advanced Products

B MB89321A,MB89322A

FUJITSU

CMOS Programmable CRT Controller

Description

The MB89321A/MB89322A Programmable CRT Controliers are
single chip CMOS devices used to interface CRT raster scan dis-
plays with microcomputer systems. Both devices operate on a
single +5 V power supply and have TTL-compatible 1/0. The
MB89321A interfaces to 6800 family microprocessors; the

MBB89322A to the 8080.

The MB89321A/MBB89322A refresh the display by buffering
information from main memory using thirty-three internal registers
and keeping track of the display position of the screen. Both
devices are designed to allow simple interfacing to most raster
scan CRTs with a minimum of external hardware and software

overhead.

Features

= Programmable Screen and
Character Formats

® Cursor Control (3 types)

® Selectable Scan Modes (3
types)

u Status Generation and
Processor Interrupt
Generation by Vertical
Blanking or Light Pen

u External Sync for TV

| Light Pen Detection Superimposition
m Refresh Memory Address (synchronous mode) or
Function Interface to Other CRT

® Screen Partitioning (up to 4
partitions)

8 Independent
Paging/Scrolling for Each
Screen Partition

® Smooth Scrolling (up to 4
screens simultaneously)

Controllers (master-slave
mode)

B Double-Size Vertical Display
using Raster Interpolation

® 4.0 MHz Clock Rate

® Single +5 V Power Supply

® CMOS Process

® 40-pin Plastic DIP
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MB89321A
MB89322A

Functional Block Diagram
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*Symbois parenthesized are applied to MB89322A.

Pin Assignment

Vss 40 [ VSYNC/EXVSYNC
RESET 39 L1 HSYNC/EXHYSNC
LPSTB 38 [1RAD

MAD 37 1 RA1

Ma1 ] 36 1 RA2
Ma2 ] 35 [ RA3

Ma3 34 1 RA4

MA4 33 oo

MAs ] 32D1

MAS [] 31 Jo2

MA7 O 30103

Mas ] ] mfl-7]

MAY [ 28 Jos
mato TJ 4 27fJos
ma11 1S 26 D7
MA12 [] 16 25 Ccs
MA13 (] 47 24 Rs

DISPTMG [} 18 23 E(RD)*
cupIsP/IRa [ 19 22 [ R/W(WR)*
vee [ 20 2 CLK
*Symbaols parenthesized are applied to MB89322A.
FUJITSU
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MB89321A
MB89322A

Pin Descriptions

MB89321A(MB89322A) Pin Pin
Number Symbol Name Function
1 Vgs Ground Ground
Input used for device reset. When RESET goes low:
e Internal counters are cleared and stopped,
® All outputs go low, and;
2 RESET Reset e Control registers and status register are cleared, other
internal registers unaffected.
Enabled onty when LPSTB is low. RESET goes high, display
is initiated immediately. Control registers R30 and R31 must
be initialized by software after reset is released.
Light Pen Character detection input. When high, the memory address
3 LPSTB St?obe is loaded in the light pen register, the raster address in the
light pen raster register, and the status bit set.
'1‘7'0 mg?alo xgg:,gg Refresh memory address output
Display . - : - .
18 DISPTMG Timing Display timing output. Set to high during display.
g;:srslc:’r Cursor display timing output/interrupt request output. Set
19 CUDISP/ Timpin y/ to high during display. Setting the control register enables
IRQ Inierrgpl a'high-levell interrupt request signal to be output while the
Request display timing signal is low.
Power
20» Vee Supply +5 V power supply.
21 CLK Clock Clock input. Goes low during EXHSYNC in TV sync mode.
22 R/W Read/Write MPU read/write input.
(WR)* (Write) (MPU write input)
23 E_ Enable MPU enable input.
(RD)* (Read) (MPU read input)
Reqister Internal register select input. Normally connected to the
24 RS selgct least significant bit (AQ) of the address bus. When high,
selects internal registers; when low, the address register.
25 cs Chip Chip select input. Goes low when the MPU accesses the
select CRTC.
26 to D7 to .
33 Do Data Bus MPU data bus pins
34 to RA4 to Raster
38 RAO Address Raster address output
Hsync
39 HSYNC/  Output/ Horizontal sync output/external horizontal sync input.
EXHSYNC Hsync When reset, becomes the horizontal sync output.
Input
Vsync
40 VSYNC/  Output/ Vertical sync output/external vertical sync input. When
EXVSYNC Vsync reset, becomes the vertical sync output.
Input

*Symbols parenthesized are applied to MB89322A.

FUJITSU
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MB89321A
MB89322A

Internal Registers
and Functions

Address Reai Read Data Bit
CSE RS 4 3 2 1 O Number Register Name Write 7 6 5 4 3 2 1 0
1 x X X X X x — Invalid —
[ a x x X x AR Address Register w
Total Number of Characters
0O 1+ 0 0 0 0 0 RO in Line () w
Number of Characters
0 1 0000 1AM Displayed in Line w
0 1 0 0 0 1 0 R2 Horizontal Sync Position (%) w
0 1 o 0 o 1 1 R3 Sync Signal Puise Width w V3 V2Vt VOH3 H2 H1 HO
] 1 0O 0 1 0O 0 R4 Total Number of Lines {*} w
[+ 1 0 0 t 0 1t RS Total Raster Adjust w
4] 1 0 0 t 1 0 R6 Number of Lines Displayed w
0 1 o 0 1 1t 1 R7 Vertical Sync Position {*) w
0 1 0 1 0 0 0 R8 Scan Mode/Skew w
0 1 ¢ 1 0 0O 1 R9 Maximum Raster Address w
0 1 0o 1 0 1 0 R0 Cursor Start Raster w
o 1 o 1 0 1 t RN Cursor End Raster w
] 1 0O 1 1 0 0 Ri2
Start Address 1 R/W
0 1 0O 1 1 0 1 R13
] 1 0 1 1t 1 0 R4 -
Cursor R/W
0 1 0 1 1 1 1 Ri5
0 1 .1 0 0 0 0 Ri6 -
Light Pen R
0 1 1 0 0 0 1 R17
Screen 2 Display Start
0 1 1 0 0 1 0 Ri8 Position (*) R/W
0 1 1 0 0 1 1 R19
Start Address 2 R/W
0 1 1 0 1 0 0 R20
Screen 3 Display Start
0 1 1 0 t+ 0 1 R21 Position (*} R/W
0 1 1 6 1 1 0 R22
Start Address 3 R/W
0 1 1 0 1 1 1 R23
Screen 4 Display Start
0 1 1 1 0 0 0 R24 Position (*) R/W
o] 1 1t 1 0 O R25
Start Address 4 R/W
0 1 1 1 0 1 0 R26
Vertical Sync Position Fine
0 1 1.1 0 1 1 R27 Adjust w
0 1 11 1 0 0 R28 Light Pen Raster R DP
0 1 1 1 1 0 1 R29 Smooth Scroit R/W
0 1 1 1 1 1 0 R30 Control w VE VS IBIL SY TV P1 PO
0 1 t 1t 1 1 1 R31 Control/Status R/W SS38S2SS1SSORI*E  SB SL

*Note: Values written 1o these registers are one (1) less than the set values; refer to Notes on operation

This Materia
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MB89321A
MB89322A

Register Description

Address Register (AR)

Sets the number of the internal
register. Unchanged until a
new value is written.

Total Number of Characters in
Line Register (RO)

Sets horizontal scan sync.
Settings indicate number of
characters, and are
determined by the formula:

Total Number of Characters in
Line x Character Period =
Horizontal Scan Period

Values written to the register
are 1 less than the set values.

Number of Characters
Displayed in Line Register
(R1)

Total Raster Adjust Register
(R5)

Used to fine tune the vertical
sync. Settings indicate number
of rasters, and must be less
than the maximum raster
address. Vertical sync is
determined by the formula:

Vertical Sync = Total Number
of Lines x Maximum Raster
Address + Total Raster Adjust

Number of Lines Displayed
Register (R6)

Sets the vertical display
period. Settings indicate
number of lines.

Vertical Sync Positlon Register
(R7)

Used with the vertical sync

11 10 Scan Mode

0 0 Non-interlace mode
o 1 Interlace mode

1 0 Non-interlace mode
1 1 Interlace and video

mode

Maximum Raster Address
Register (R9)

Sets the number of rasters in
a line. In interlace and non-
interlace modes, the value
written is 1 less than the set
value; in interlace and video
mode, 2 less. Examples of
settings in each mode are as
follows:

interlace mode

Sets the horizontal display position fine adjust register 9 ________________ 0
period. Settings indicate (R27) to set vertical sync 1
number of characters. position using rastercount. _________________ 1
Settings indicate number of 2
Horizontal Sync Position lines. Values writtentothe ~__ _ _ ____________ 2
Register (R2) register are 1 less than the set 3
Sets the horizontal sync signal values. 3
position. Settings indicate 4
number of characters. Values S':;n Mode/Skew Register . _______________ 4
written to the register are 1 (R8)
less than the set values. MSB LSB Raster count - 5
Value written - 4
Sync Signal Pulse Width IC‘ ]C°|D1 lDom I 10 l '
Register (R3) Sets cursor display signal and Non-interlace mode
MSB LSB display timing signal skew, and 0
the scan mode. Bit functions
|V3|V2|V1|V0|H3|H21H1 "E‘ are as shown below: 1
. 2
Sets the sync signal pulse
width. The 4 high-order bits ~ S1 GO CUDISP Output_ 3
are used for the vertical sync 0 O Output without skew 4
signal, the 4 low-order bits for Skewed by 1 _
the horizantal sync signal. the 0 1 cpotet B \F}lel:zr;ﬁxg:] _i
TV sync mode, the 4 low-order SK by 2
i i I ewed by .
ggts:f;i)?:ﬁ_d as the horizonta T 0 Characters Interlace & video modes
1 1 No CUDISP output 0
Total Number of Lines Register —7-———77 ——— ~_______ _ . ______ 1
R4
(R4) D1 DO DISPTMG Output 2
Used the the total raster adjust E— — — — = — — e —— e — 3
register to set vertical sync 0 0 Outputwithoutskew 4
(field sync is set by number of Skewed by 1
rasters). Setting is in number 0 1 Character \F’lalster count -53
of lines. Values written to the Skewed by 2 alue written -
register are 1 less than the set 1 [+ hewe y .
value. characters {ﬂon-lmtsrlar(::j mode and
1 1 No DISPTMG output nterlace mode: .
Py Written value = Setting
value —1
Interlace mode & video
mode:
Written value = Setting
value —2
FUJITSU
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This Material Copyrighted By Its Respective Manufacturer



MBB93I21A
MBB89322A

Register Description
(Continued})

Cursor Starl Raster Register
(R10)

MSB LSB

Bllerfool | [ [ ]]

Sets the cursor display mode
and the display start raster.
Settings indicate number of
rasters. Cursor display made
bit function is as folows:

Cursor Display

B1 BO Mode

0o a Displays without
blinking

0 1 Nodisplay

1 0 Blinks in 16-field
sync

1 1 Blinks in 32-field
sync

Cursor End Raster Register
(R11)

Sets the cursor display end
raster. Settings indicate
number of rasters.

Start Address Registers (R12,
R13, R19, R20, R22, R23, R25,
R26)

Four sets of 14-bit paired
registers used to set the
starting memory address for
screen display that enable
independent paging/scrolling
when screen is partitioned.
Registers are for Start Address
1 (R12, R13), Start Address 2
{R19, R20), Start Address 3
(R22, R23) and Start Address 4
(R25, R26).

Cursor Registers (R14, R15)

14-bit paired registers used to
set the cursor display memory
address.

Light Pen Registers (R16, R17)

14-bit paired registers to which
the memory address is written
when the light pen strobe
signal goes high. Memory
address value must be
compensated in software for
detay in the light pen detection
circuit.

Light Pen Raster Register (R28)

MSB LSB

Register to which the raster
address and display status bit
are written when the light pen
strobe signal goes high. When
the light pen register or light
pen raster register are written
to during the display period,
the display status bit is set to
1; during blank period, reset
to 0.

Vertical Sync Position Fine
Adjust Register (R27)

Used to fine-tune the vertical
sync signal within the line set
by the vertical sync position
register. Settings indicate
number of rasters. Examples
of settings are shown below:

Setting Value = 1

ma=nrf o X1 K2 {3 X 4}
vome  f—wew—

Setting Value = 2

ra=nr(o X1 X2 Y2 X o}
vome  fwem—_

Setting 0 must not be written
as it will cause the control
register to disable the vertical
sync position adjust register,
resulting in a vertical sync
signal output of RA = 0. The
set value must be less than the
maximum raster address.

Display Start Position
Registers (R18, R21, R24)

Sets the starting line numbers
for display start addresses 2, 3,
and 4 when screen is
partitioned. See following
figure. Values written to the
register are 1 less than the line
number; 0 must not be written.
Examples of settings are
shown below:

Line

Number Display Screen

(1) Screen 1

2 (Start address 1)
Screen 2

3 (Start address 2,
Register 18)

g Screen 3

5 (Start address 3,

7 Register 21)

8 Screen 4

9 (Start address 4,
Register 24)

Value written for start

position 2 =2

Value written for start

position 3 =3

Value written for start

position 4 =7

S th Scroll Regist

Sets the starting raster
address within a line. Setting
indicates number of rasters.
Smooth scrolling can be used
in interlace and non-interlace
mades only.

(R29)

Settings are valid for screens
specified by SS3 to SS0 of
the control/status register.
Settings must be less than
the maximum raster address.
Examples of settings are
shown below:

[RA-0 — 00000 —
RA=1—@——
Setting RA=2—@————
Line =0 |PA=3— 0000 —
RA=4 —@———
Numbern lgpa-5 @
RA-6—@————
LNA=1
Q0000
o}
RA=2—@
RA-3I—000S —
Satting RA-4— @ —
Line =2 |pa-5—@————
" {na-6
conents -l a0 eee
0—eo0e—
OF NEXT [::=$_.—._.
LINE o
o]
o 000
o} o}
o000
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MB89321A
MB89322A

Register Description

(Continued) Control Register (R30) Controls the external sync partition function. This register
function, interrupt function, must be initialized by software

MSB LSB  yertical sync position fine after reset is released. Bit
‘;]VSI B l L Isyl TVI P1 l PO adjust function and screen functions are as shown below:

VE VS TV External Sync Function

[¢] o] 0 Both VSYNC and HSYNC are in output mode. DISPTMG is active. External
sync operation is disabled.

Outputs VSYNC for odd-numbered fields only in interlace mode. No VSYNC
(¢} 1 0 output when the programmed values of max. raster address and vertical
sync position are odd numbers in interlace & video mode.

1 0 0 EXVSYNC is in input mode but external sync signal ignored. DISPTMG is
active.

1 1 [¢ EXVSYNC is in input mode and external sync signal is accepted. DISPTMG
goes low (disabled).

0 0 1 Disallowed

0 1 1 Disallowed

1 0 1 Both EXVSYNC and EXHSYNC are in input mode and external sync signal is
accepted. DISPTMG output is active.

1 1 1 Both EXVSYNC and EXHSYNC are in ihput mode and external sync
signal is accepted. DISPTMG goes low (disabled).

Notes:
1. When VS = 1, DISPTMG goes low.
2. When TV = 0, indicates master-slave made. When TV = 1, indicates TV sync mode.
3. In TV sync mode, the horizontal back porch must be set using the horizontal sync pulse
width register.
4. In TV sync mode, the internal conitrol is in non-interlace mode.

1B iL Interrupt Function

0 0 None

0 1 With light pen strobe

1 0 With vertical blanking

1 1 With light pen or vertical blanking

Note: Interrupt signal is output for CUDISP while DISPTMG is low.

sSY Vertical Sync Position Fine Adjust Function

0 Vertical sync position fine adjust register disabled

1 Vertical sync position fine adjust register enabled

P1 PO Screen Partition Function

0 0 Start Address 1 enabled

0 1 Start addresses 1 and 2 enabled; screen partitioned into two sections

Start addresses 1, 2, and 3 enabled; screen partitioned into
three sections

Start addresses 1, 2, 3, and 4 enabled; screen partitioned into
four sections

Note: Screen address 1 is always displayed starting from line number O

FUJITSU
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MB89321A
MB89322A

Register Description

(Continued) Control/Status Register (R31) Controls the smooth scrolling
and raster interpolation
MSB LSB B LSB functions, and performs
SS3| sszlss1issu| Al I 0 I [} l o . read/write of the status
- register. This register must
Write Read

be initialized by software
after reset is released.
Control bit functions are as
follows:

Control Bits  Function

Smooth scrolling control bits; when set to 1 the smooth scrolling register is
enabled. Bits correspond to the screens as foliows:

SS3 = screen 4

SS2 = screen 3

SS1 = screen 2

SS0 = screen 1

S83 to SSO

Raster interpolation bit. Set to 1, raster interpolation is performed. The raster
counter is incremented every two rasters, doubling the vertical sync rate.

RI Therefore, in this case, registers related to vertical sync control must be
reprogrammed. The raster interpolation function can’t be used in external sync
mode and interlace & video mode.

Notes:
1. “0s’ must be written to lower 3 bits of the control register.
2. Refer to diagram of “Double-Size Vertical Display” and item 6 of Notes on Operation.

Status Bits

The functions of status bits are

as follows:

E Display Field Status

[o] Odd-numbered screen display, or in non-interlace mode
1 Even-numbered screen display
$B Vertical Bianking Status

0 During screen display

1 During vertical blanking

SL Light Pen Strobe Status

0 Light pen strobe ignored

1 Light pen strobe accepted
Notes:

1. Light pen strobe status is cleared by reset or by read of the status register.

2. Vertical blanking status and light pen strobe status are set regardiess of the setting of the control register
interrupt function.

3. E bit is controlled by the vertical blank. Therefore, E bit status is different from normal field image, and it's
update timing changes depending on number of lines displayed. To get correct status, E bit must be read
immediately after the display period.

FUJITSU
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MBB9321A
MB89322A

Restrictions on Values

Written to Registers Values which may be written to internal registers are as follows:
() 0 < < o e () + 1 2 258
(2) 0 < number of lines displayed (R6) < total number of lines (R4) +1 < 128
(3) © < horizontal sync pasition (R2) < total number of characters in line (RO}
(4) O < vertical sync position (R7) < total number of lines (R4)
(5) 0 < cursor startraster (R10) < cursor end raster (R11) < maximum raster address (R9)

(interlace mode and non-interlace modes)
0 < cursor start raster (R10) < cursor end raster (R11) < maximum raster address (R9) + 1
(interlace & video mode)
(6) 2 < maximum raster address (R9) < 30
(interlace & video mode only)
(7) 3 < total number of characters in line (RO)
{except in non-interlace mods)
5 < total number of characters in line {R0)
(non-interlace mode only)
(8) Vertical sync position fine adjust (R27) < maximum raster address (R9)
(9) Smooth scroll (R29) < maximum raster address {RS9)

System Block Diagram

LIGHT PEN
CLOCK DOT CLOCK
GENERATOR VIDEO
CONTROL
CIRCUIT
CHARACTER
PATTERN
CHARACTER
o PATTERN
3 & GENERATOR
~ke
S H HEE
_ =1 A b
IRQ = = ES B
=] CHARACTER
_ Al CODE
€(RD)
R/ W (WR) CRTC
uPU
DATA upags2ia fao~4
Y (MB89322A) SCREEN REFRESH
MAD ~ 13 RAM
8. G5 |
_L ADDRESS _—_]

(L

FUJITSU
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MB89321A
MB89322A

Programmable Values
Programmable values which
can be written to registers
and their respective symbols
are as shown below:

Register
Number Register Name Programmable Value Symbol
RO Total Number of Characters in Line Characters Nht
R1 Number of Characters Displayed in Line Characters Nhd
R2 Horizontal Sync Position Characters Nhsp
R3 Sync Signal Pulse Width Rasters/Characters Nvsw/Nhsw
R4 Total Number of Lines Lines Nvt
R5 Total Raster Adjust Rasters Nadj
Ré Number of Lines Displayed tines Nvd
R7 Vertical Sync Position Lines Nvsp
R8 Scan Mode/Skew
R9 Maximum Raster Address Rasters Nr
R10 Cursor Start Raster Rasters Nestart
R11 Cursor End Raster Rasters Nceno
R12
ms Start Address 1 Ng,
R14
RIS Cursor
R16 .
m7 Light Pen
R18 Screen 2 Display Start Position Lines Nio
R19

Start Address 2 Nso
R20
R21 Screen 3 Display Start Position Lines Nis
R22

Start Address 3 Ng3
R23
R24 Screen 4 Display Start Position Lines N 4
R25 Start Address 4 Ng4
R26
R27 Vertical Sync Position Fine Adjust Rasters Nspadj
R28 Light Pen Raster
R29 Smooth Scrolt Rasters Nradj
R30 Control
R31 Control/Status

FUJITSU
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MBE89321A
MB89322A

Screen Format

| ¢——————~—————— TOTAL NUMBER OF CHARACTERS —————————~{
| ¢———————— HORIZONTAL SYNC POSITION
l«—— NUMBER OF cmnc'rens—»‘ |
DISPLAYED IN LINE
1 CHARACTER
Al Vol o= |nha-1] wna _-_l Nhep |___ Nnt
g T T 1
g Nhd | Nna+1 2Nhd-1] 2Nng ———lnmouh.{,--- Nha+ Npe
o T
g; 208nd |2Npgtt] —— — {INnd- 1| 3Nhd ———z:NMonmlp__zuM.um
EZ
2385 ! | ! ! [
g2sl | ( I !
2 28| 1 I | ] 1
°c5%8
42 1 x <Ny 1)x
) e ] i I .
E Noa* Nug* Neg*Nnd
z 3> Nng Npa+1 - - = +Nme
1S ) I p—— ;
£33
gsg N':: [ - - = |len
5zz 5
258 (T - - —
& z f Ny~ Nyx
[ ' N | —— — NN
3 3 e
23= 1%
53 TOTAL RASTER ADJUST
=24
Line numbers are counted starting at the following addresses:
Line number O = starts from memory address 0
Line number 1 = starts freom memory address Nhd
Line number 2 = starts from memory address 2Nhd
Line number n = starts from memory address (Nvd-1)Nhd
Scan Mode
Examples of format during Interlace Mode Non-Interlace Mode
scan mode:
0 ¢ — 00000 ——
0
1 ] 1 @
2 N 2 @
3 s 3 900
4 . 4 @
5 5 S |
6 6 @
7 7 7
7
FUJITSU
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MB89322A

Example of Screen Format

Dot clock rate 16.128 MHz
Horizontal frequency 15.75 kHz
Vertical frequency 60.1145 Hz

Atthe following clock rates and register settings, the screen format is as shown in the diagrams below:

Total number of characters in line, Register 0: 127
Number of characters displayed in line, Register 1: 80
Horizontal sync position, Register 2: a9
Sync signal pulse width, Register 3: 8
Total number of lines, Register 4. 31
Total raster adjust, Register 5: 6
Number of lines displayed, Register 6: 25
Vertical sync position, Register 7: 27
Maximum raster address, Register 9: 8

| 4 TOTAL NUMBER OF CHARACTERS —————— |
|———— HORIZONTAL SYNC POSITION ——————— 3
jet— NUMBER OF CHARACTERS ———|
DISPLAYED iN LINE
la—»-11 CHARACTER
RASTER 0 o q] 2] 79| s0 ) 121 g
H _ — H
s e1| s2| __ ws| e __ e ___ [ =] 3
5 I
160 181] 162 230 | 240 259 287 ©
——— - . 2z
£
£ E
b o N N I |12 8 &
RN N | {8 2 ¥
HERR N 1| g g g
H <]
RASTER 9 [Re20 [1e21 | 1522 —_ [1ees | 2000 — =72 3§
H 123
2000 | 2001 | 2002 2927 E 2
- - = g3
Pl ' 8
| i ] :
2160 l 2161 I 2162 I 2287
1 . 1 1
1 L1 ' 1
1 l 1 1
—
2480 | 2481 2482 2607
RASTER 0 I7560 | 2561| 2562 2687
s
TOTAL RASTER ADJUST_}
.
FUJITSU
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MBB89321A
MBB89322A

Scan Mode
(Continued)

Interlace & Video Modes

0 0
1
2 2
3
4 4
5
[ 6
7
0 8
1
2 1
3
4 3
5
6 5
7
7
Even number of rastersin a line Odd number of rasters in a line

Cursor Control

Examples of settings for the
cursor start and end raster

registers:
o] o] 0
1 1 1 900000
2 2 : 9000000
3 3 s 900000
4 4 1 900000
5 s 9000000 S
- 000000 : 000000 -
7 7 7
Start address = 6 Start address = 5 Start address = 1
End address = 6 End address = 6 End address = 4
TV Sync Mode
Example of a TV Sync mode p——— BUS CONTROL
circuit:
YSYNC EXVSYNC
™V jpswwe [>—exnsvne
CRTC
j- CLK
e
=
COUNTER DOT CLOCK
{PRESCALER)
TV sync mode is used to will occur. Accordingly, an During HSYNC, CLK must be
superimpose displays on TV or appropriate prescaler should low (stopped).
video signals. In the above be designed to avoid image
example a 1/n fggg dot shift resolution problems.
FUJITSU
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MB893I21A
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Master-Slave Mode
Example of a master-slave
mode circuit:

—— = HSYNC
VSYNC
HSYNC HSYNC +—>
VSYNC XVSYNC
WMASTER CRT BUS SLAVE CRT
CONTROLLER | CRTC CONTROL CATC | CONTROLLER
CLK oK
o fose m Vn I
COUNTER (PRESCALER}

Master-slavemode is used to
synchronize master and slave
CRT controllers. The screen
formats and ctock phases of
the two CRTCs must match.

Since HSYNC is output, PLL
can be used.

Smooth Scroll
Example of smooth scrolling
display:

\
N
NN
NN
\\!

% % %

screent 1 oA Bl e

SCREEN 2 % % J Z :ggg;_?‘:nc
Zz2an 7 A B4

SCREEN 3

=i 0

In the example, screen 2 is
being smooth scrolled.

Double-Size
Vertical Display

Raster Address Raster Address

0 | 2] 0|
1 0
2 1 ¥
3 pzA 1 Z
4 2
5 2
6 kB 7,
3
Without raster 4
interpolation function 4
5
5
6
6 K4
With raster

interpolation function

The vertical size of the displa
can be doubled using the
raster interpolation function
as shown in the example.

In raster interpolation, the
raster address is updated
every second raster.

Refer to item 6 of Notes on
Operation.

FUJITSU
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MB89321A
MB89322A

Absolute Maximum
Ratings

Parameter Symbol Rating Unit
Input Voltage VIN —03to +7.0 v
Supply Voltage Vece —03to +7.0 v
Operating Ambient Temperature Ta —40to +85 °C
Storage Temperature Ts1G —55to0 +150 °C
Power Dissipation Pp 600 mw

Note: Permanent device damage may occur if 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 extended periods may affect device reliability.

Recommended Operating

Conditions Value
Parameter Symbol Min. Typ. Max. Unit
Supply Voltage Vece 4.5 5.0 5.5 \'2
Vss 0.0 \'4
Input High Voltage LPSTB, CLK Viky 22 Vee v
Other Inputs ViH 2.0 Vee Vv
Input Low Voltage LPSTB, CLK Vit —-03 0.6 \']
Other Inputs ViL -03 0.8 \
Ambient Temperature TA —20 25 +75 °C
DC Characteristics Value
Recommended operating con- -
ditions unless otherwise noted. Parameter Symbol Test Conditions Min Typ Max Unit
Input High LPSTB, CLK  Viny 22 Vee V
Voltage Other Inputs Vi 2.0 Y
Input Low LPSTB,CLK V)1 —0.3 0.6 Vv
Voltage Other Inputs Vi —03 08V
DO to D7, VIN=04Vt02.4V,
Input Leakage Ei;’g:sg e Vec=55V —10 10 pA
Current
Other _ —25 2.5
Inputs ity VIN=0V1t05.5V nA
Output High DO to D7 VoH loH= —205 pA 24 "
Voltage Other __
Outputs VoH1 loH= —100 uA 2.4 Y
Output Low Voltage VoL loL=1.6 mA 0.4 \
DO to D7,
Input EXHSYNC, CiN ViIN=0V 125 pF
Capacitance EXVSYNC
Other _
Outputs CIN1 f=1.0 MHz 10.0 pF
QOuput Capacitance Cout 100 pF
- Vee=Vmax ’
Power Dissipation Pp f=1.0 MHz 10 30 mw
FUJITSU
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MB89321A
MB89322A

AC Characteristics

Recommended operating Value
conditions unless otherwise
noted. Parameter Symbol Conditions Min. Typ. Max. Unit
Ctock Period toux 250 ns
Clock High teweH 100 ns
Clock Low tpweL 100 ns
Clock Rise tcr 20 ns
Clock Falf tcr 20 ns
CRT Memory Address Delay tmaD ™) 80 ns
Controller Raster Address Delay traD 100 ns
Display Timing Delay toto 120 ns
Cursor Timing Delay tcoo 120 ns
Horizontal Synchronous thso 100 ns
Delay
Vertical Synchronous Delay tysp 120 ns
Clock Stop toLksT 100 ns
External Horizontal tewHs 1000 ns
Synchronous Signal Width
External Horizontal thr 20 ns
Synchronous Rise
External External Horizontal the 20 ns
Synchro- Synchronous Fall
nization  External Vertical T tows/ @ 1220/ ns
Synchronous Signal Width  tpwvss 1750
External Vertical tvr 20 ns
Synchronous Rise
External Vertical tve 20 ns
Synchronous Fall
External Synchronous tvss 50 ns
Setup
(Master-slave mode)
Light Pen Strobe Width tewLpr 60 ns
Light T 3)
Pen Light Pen Strobe t PDR 0 ns
€ Maximum Period fLror 70 ns
Enable Period te 0.5 Hs
Enable High tpweH 0.22 Hs
Enable Low tpweL 0.21 us
Enable Rise ten 20 ns
CRT Enable Fall ter {(4) MB89321A 20 ns
Interface  Address Setup tas only] 40 ns
1 Data Delay toor 120 ns
Data Access tacc 160 ns
Address Hold tan 10 ns
Data Hold th 10 ns
Data Setup tosw 60 ns
FUJITSU
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MBB89321A
MB89322A

AC Characteristics
(Continued)

Value
Parameter Symbol Conditions Min Typ Max Unit
Read Address Setup tar 0 ns
Read Low trr 160 ns
Read Address Hold tra ] ns
Write Address Setup taw 0 ns
Write Low tww [(5)MB89322A190 ns
ﬁf;,ace Write Address Hold twa only] 0 ns
2 Data Delay trp 120 ns
Data Hold tor 10 ns
Data Setup tow 60 ns
Data Hold two 0 ns
Access Inhibit tois 210 ns
Interrupt Delay YiRDF 150 ns
IRQ (6) 1/2t 1«

Interrupt Delay *2 taDR +150 NS

Note: *1. External vertical synchronous signal width towys = 1000 ns + tck (TV sync mode)

ss = 1000 ns + 3 1k (Master slave mode)
*2. Rising delay time when light pen strobe input in non display time

Clock A
A TTL-level input from DG to A circuit example for horizon-
4.5 MHz character clock tal 8-dot character mode is as
should be used. An example follows:
of the clock circuit is shown .
below.
N TTL-LEVEL-INPUT é
[=] CLOCK VIDEO :; DOT CLK DOT CLK
CRTC CLK
CHARACTER DATA
CRTC
CLK
FUJITSU
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MBS89321A
MB89322A

Timing Diagrams
(1) CRT Controller

 ———— tCLK ———— =

2.2v tpwecL
cLK 2.2v S
.6V i .6
0.8V tpweH 0.6 0.6V EO.BV
tca | |- tCcF
24V
A MA1
MAD TO 3 04V
P
- |
tmaD tMAD
24V
RAO TO RA4
————— 04V
||
tRAD tRAD
24V
DISPTMG
04V
——————
i
toTo toTD
[ 24V
CuDISP 04V
—
N
. tcop tcoo
24V
HSYNC 04V
———erernd
f—|
tHso 5D
24V
VSYNC
04V
e
|
tysp tvsp

{2) External synchronization

CLK (TV sync
mode) takst o ey
EXHSYNC
0.8V
tur
!
2.0V 2.0V
EXVSYNC
0.8V 0.8V
tpwvs
tvr —~ =t
CLK (Master siava
mode) 0.6V
tvss

towvss
EXVSYNC 2.0v 2.0V

FUJITSU
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MB89321A
MB89322A

Timing Diagrams

{Continued)

(3) Light Pen

CLK
0.6V 0.6V
LPSTB /
7 0.8V \

LIGHT PEN
STROBE 2.2v 2.2V
LPSTB ENABLE /
[t tPWLP ———

MAD TO MA13 M X M+1 x M+2

RAO TO RA4 N

When the light pen strobe is
enabled, LPSTB goes high,
M+2 is loaded inta the light pen
register, N into the light pen
raster register, and the display
status bit is set.

(4) CPU Interface 1 (MB89321A only)

e
E tas tewen tPwEL
]W\
o8 vj- 08V (X3
teg —| |- —] |- lgp
cs 20V
:/sw X 2.0 V]
RS 08v_'ooR 2 Y
- tacc—m-]
AH
2.4V 24V
By —{ 1)
0.4V !DA v
- e tn

osw

2.0v20v
RS )
I
! 0.8V 0.8V

FUJITSU
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MB89321A
MB89322A

Timing Diagrams

(Continued) (5) CPU Interface 2 (MB89322A only)
(53 20V 20V %
[ x
. 08V }K
tha
RD 2.0';1 -
WR |ett—— tD1S ——|
F[oav
tDE|+—
24v
DO TO D7 g E
(READ)
0.4V 04V
tow

24V 24V X,
DO TO D7 x
(WRITE) 04V oAV A
(6) IRQ Timing

o . 03 V5 0.8V I
D e D

E
(RO} \ 08V
F—tmn
24V

IRQ 04V

YAD

Notes on Operation
(1) Screen Partition Timing
Ns1+dNnd + Net Ns1+ 4Nng + Nm Ns1 + 4Nnd ¢ N Ns2 + Nnt

Ns1 + 4Nng Ns1+ 4Nha Ns1 + 4Nng Ns2 Ns2
i ' | ! !
! - - -—- L - - -- -
MAD TO MAT3
i - ———- —ee= ——w i
[) [ 1l 1
1 ] ! | 1
) ) R—— !
RAO TO RA4 I 0 L 1 I ' Ne 0 * 1
i B
i ;
LINE NUMBER 4 SN2+ 1)

1
i |
H

SCREEN 1 ——|j}—— SCREEN 2

)
SCREEN PARTITIONED HERE
This example shows typical memory addresses and raster addresses of screens 1 and 2 during
screen partitioning.
Nht: Total Number of Characters in Line (RO}
Nhd: Number of Characters Displayed in Line (R1)
Nr : Maximum Raster Address (R9)
Ns1: Start Address 1 (R12, R13}
NL2: Screen 2 Display Start Position (R18)
NS2:Start Address 2 (R19, R20)

FUJITSU
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MB89321A
MB89322A

Notes on Operation

(Continued) (2) Interrupt Signal Generator The interrupt signal is output
Timing to the CUDISP pin during
dispiay blanking. The interrupt
signal can be generated as
DISPTMG 1 J L ] L J L shown in the diagram below.
cuoise/ira _J1 ™1 m 1
STATUS /N ‘n AN DISPTMG@_ RQ
Cursor display/ \ v cupise
@ 1RQ request of @ IRQ request of
@'RQ_ roquast of light pen strobe light pen strobe
vertical blanking interrupt request of light pen strobe .
interrupt n%\_u:t of light pen strobe during this 3@.,, period When the cursor is not
during this display period enabled, the CUDISP pin func-
tions as IRQ.
ak__ | L J I R |
€m) 1
IRQ of
e = bt
@Rra of light pen e e e
IRQ of light
T B S G
(3) TV Sync Timing In TV sync mode, EXHSYNC
is enabled when a pulse of
EXVSYNC D Q AISE 1,000 ns or more is applied.
. [ AL StanaLooreeT Also, during vertical blanking,
EXVSYNC is enabled to sync
the controlter's internal
horizontal display period
signal. In order to use the TV
HORIZONTAL DISPLAY s Q HORIZONTAL DISPLAY sync function, a horizontal
PERIOD A CHARACTERS display period should be set.
The basic circuit required to
ExHSYNC —] HoBZONTAL do this is shown to the left.
Note: Low (enabled) during the
horizontal display period.
’_I The TV sync function may
EXVSYNC not operate under the timing
I'Ln_n—n_"_]'l_”_ shown here at the immediate
EXHSYNC
left.
'_'—I The TV sync function is
EXvsYNe activated using the timing
as shown here.
EXHSYNCIl Il Il Il II Il Il Il II II
EXVSYNC I I
FUJITSU
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MB89321A
MB89322A

Notes on Operation

(Continued) (4) Horizontal Display Period (A) and (B) indicate points
Setting (TV Sync Mode) where EXVSYNC is detected.
The horizontal display period EXVSYNC is normally
is determined by the timing detected at (B). However,
diagrams below: when EXHSYNC is generated

during the horizontal display

EXHSYNC _r JL_ period by an ‘equ‘ivalent
HORIZONTAL BACK PORCH + 2 CLOCK CYCLES pulse, detection is at (A).

NUMBER OF CHARACTERS
HORIZONTAL DISPLAY === DISPLAYED IN LINE
e————————

PERIOD (A) and (B) require at least

1,000 ns + 1 clock cycle,
during which period

® ® EXVSYNC must be main-
tained.

(5) Screen Partitioning

The display order of partitioned screens can be changed by programming the start position
registers (R18, R21, and R24) for each partitioned screen, except screen 1, which is always
displayed from line 0 on the screen. (See Figure A below.}

But, when the same values are programmed to the start position registers, the partitioned screens
for those start position registers aren’t displayed, even if those partitioned screens are enabled by
PO and P1 bits.

Figure A
Line No. Display Screen Example of Register Setting

0 Screen 3 Start Position (R21}
1 Screen 1 < Screen 2 Start Position (R18)
2 < Screen 4 Start Position (R24)
3
4 Screen 3 * Screen 2 Start Position Reg.
5 (R18) = 5
6  Screen 3 Start Position Reg.
7 Screen 2 (R21) = 2
8 e Screen 4 Start Pasition Reg.
9 (R24) = 8

10 Screen 4

1"

FUJITSU
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MBB89321A
MB89322A

Notes on Operation
(Continued)

(6) Raster Interpolation

At present, two versions of MB89321A/89322A are provided: One has the raster interpolation
function, and another has no raster interpolation function. On MB89321A/89322A without the
raster interpolation function, 0" must always be written to Rl bit of the control/status register

(R31).
Figure B
Line No. Dispiay Screen Example of Register Setting
0 Screen 2 Start Position (R18)
1 = Screen 3 Start Position (R21)
2 < Screen 4 Start Position (R24)
3
4 Screen 1 * Screen 4 Start Position Reg.
5 (R24) =8
]
7 ® Screens 2 and 3 aren’t
8 displayed because the start
position registers for these
9 screens have the same vaiue.
10 Screen 4 In the display areas for
11 Screens 2 and 3, Screen 1,
which is displayed above
those screens, is displayed.
Package Dimensions
Dimensions in inches 40-Lead Plastic
(millimeters) Dual In-Line Package
(Case No.: DIP-40P-MO1)
15* M/?\X
3
[1 1 M0 MMM 0;;rm;;mEo;eE 3 T T
T \\\‘ EJECTOR MARK) .
A 533(13.54)
; 553(14.05)
' i ‘ 590(14.99}
INDEX . 610(15.49)
uuuuuuuuuuil:_luuuuuuuntl -4 R
2.045(51.95) QM(O,ZO’ {
2.071(5260) T 0121030}

——————————————————— ] | .195(4.96)MAX
118(3.00MIN
| 1002 5arrve . LJ&U-ZJ{ —l 015(0.38) 020¢0.51IMIN

070{(1.77) .021(0.54)
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