MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP, M37267M6-XXXSP, M37267M8-XXXSP

M37267EE-XXXSP, M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

DESCRIPTION
The M37267M4-XXXSP, M37267M8-XXXSP and M37267M8-XXXSP

are single-chip microcomputers designed with CMOS silicon gate
technology. They are housed in a 52-pin shrink plastic molded DIP.
In addition to their simple instruction sets, the ROM, RAM and /O
addresses are placed on the same memory map to enable easy pro-
gramming.

The M37267M6-XXXSP has a OSD display function and a data slicer
function, so it is useful for a channel selection system for TV with a
closed caption decoder. The features of the M3726 7EE-XXXSP and
the M37267EESP are similar to those of the M37267M8-XXXSP ex-
cept the following: ROM size, RAM size, kinds of character, and that
these chips have a built-in PROM which can be written electrically.
The difference between M37267M4-XXXSP, M37267M6-XXXSP and
the M37267M8-XXXSP are the ROM size and the RAM size as shown
below. Accordingly, the following descriptions will be for the
M37267M6-XXXSP unless otherwise noted.

® Programmable I/0 ports (Ports PO, P1, P2, P30, P31)
® Input ports (Ports P40-Pds, P63, P64)

® Output ports (Ports P52-P5s)

® 12 V withstand ports

® | ED drive ports ...

® Serial I/0
© Multi-master 12C-BUS interface

8-bit X 1 channel

® A-D comparator (6-bit resolution) ............cecccevvuemeerennne 4 channels
® PWM output circuit : 8-bitx7
© Interrupt interval determination circuit
® Power dissipation
In high-speed mode ..... 165mw
(at Vce = 5.5V, BMHz oscillation frequency, CRT on, and Data slicer on)
In low-speed mode ... 0.33mw

(at Vce = 5.5V, 32kHz oscillation frequency)
® Data slicer .
® CRT display function

Number of display characters

Type name ROM size | RAM size | Kinds of character (16 lines maximum)
M37267M4-XXXSP | 16 K bytes | 836 bytes 192 kinds Kinds of characters 192 kinds
M37267M6-XXXSP | 24 K bytes | 960 bytes 192 kinds Dot structure CCD mode : 8 X 13 dots
M37267M8-XXXSP | 32 K bytes | 1024 bytes 192 kinds OSD mode : 8 X 10 dots
M37267EE-XXXSP | 56 K bytes | 1536 bytes 256 kinds (character part : 8 X 10 dots in both mode)
M37267EESP 56 K bytes | 1536 bytes | 256 kinds Kinds of character sizes 5 kinds

(minimum dot width is 1/2 scanning line)
Kinds of character colors (It can be specified by the character)
FEATURES Imaximum 7 kinds (R, G, B) )
& Number of basic instructions 71 Kinds of character background oolprs (It can be specified by the
® Memory size . screen, switching to character color is possible.)
Yo T Y I 16 K bytes (M37267M4-XXXSP) maximum 7 kinds (R, G, B)
24 K bytes (M37267M6-XXXSP) Kinds of raster colors (maximum 7 kinds)
32 K bytes (M37267M8-XXXSP) 2 blanking output (OUT1, OUT2)
56 K bytes (M37267EE-XXXSP, Display position
M37267EESP) Horizontal 128 levels
ZTLY T 896 bytes (M37267M4-XXXSP) Vertical 512 levels
960 bytes (M37267M6-XXXSP) Simultaneos display of caption and channel selaction
1024 bytes (M37267M8-XXXSP) Smooth Roll-up
1536 bytes (M37267EE-XXXSP, Mixing
M37267EESP) Text display ... 15 lines
ROM for display 3648 bytes
RAM 107 GISPIAY v 272bytes  APPLICATION
© The minimum instruction execution time TV included a closed caption decoder
. 0.5us (at 8 MHz oscillation frequency)
® Power source voltage ......... 5V:10%
® Subrouting NEstiNg ...........eceeveeecenceecenrerronnnns 96 levels (maximum)
® Interrupts 16 types, 15 vectors
© 8-bit timers 6
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP M37267M6-XXXSP M37267M8-XXXSP
M37267EE-XXXSP M37267EESP

-SINGLE-CHIP 8-BIT CMOS MICHOCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

PIN CONFIGURATION (TOP VIEW)

HsynNe—=] 52]—- P52/R
Vsyne—a-[Z] 51]—P53/G
P4o/MXR/AD4—=[3] [55]—m-P54/B
P41/INTZMXG—[4] 5]—» P55/0UT1
P42/TIM2/MXB—»~[5] 15] a2 PO2/PWMO
PAYTIM3/MXOUT—» &} zz = 47}t POs/PWM1
P24/AD3 -t~ 3 3 c\.': 46}~ POs/PWM2
Pes/AD2»[E] BN 5] PO7/PWM3
Pos/ADTww-[8] NN Flespa
=<
- P27 TP E  |[Elesp2
POo/PWM4 ~a-»-[T] § ;é g 2] -t P2,
PO1/PWMS w1 % 47} po,
PozPwMe=»[ $LE  [@wrrivoutz
" Piusne=[d zz  [BlesP1yscLl
Pay/NTI—-[H KK [38]-» P12/SCL2
Pis/Soutas[d NN 37} > P13/SDA1
PdsiSccew[d m M [56] = P14/SDA2
AVCC—»-[13 m m 35] - P15
HIF—»[g 0% P15
RVCO—»fd 5 [Ee=Pos
VHOLD— v - P30
CViIN—-|23 -t P34
CNVss—m[23 [30]—RESET
XiN—n-[Z4 [25] > P64/0SC2/XCcoUT
Xour-e—|zg ~ 28] =—PB3/OSC1/XoN

Vss—® |24 ~-—\Vcc

Outline 52P4B
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP, M37267M6-XXXSP, M37267M8-XXXSP

M37267EE-XXXSP, M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP M37267M6-XXXSP, M37267M8-XXXSP

M37267EE-XXXSP M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

FUNCTIONS

Parameter

Functions

Number of basic instructions

7

Instruction execution time

0.5 us (the minimum instruction executlon time, at 8 MHz oscillation fre-
quency)

Clock frequency 8 MHz (maximum})
Mémory size ROM 24 K bytes
) RAM ‘960 bytes
CRT ROM 3648 bytes
CRT RAM 272 bytes
Input/Qutput ports | Poo-Po2, (/o] 7-bit X 1 (N-channel open-drain output structure, can be used as PWM
P04—P07 output pins)
P03 [/{e] 1-bit X 1 (CMOS input/output structure)
P19, P15-P17 I} 4-bit X 1 (CMOS input/output structure, can be used as CRT output pin,
serial input pin)
P11-P14 [l{e] 4-bit X 1 (N-channel open-drain output structure, can be used as muiti-
master I2C-BUS interface)
P2 - 110 8-bit X 1 (CMOS input/output structure, can be used as A-D input pins)
P30, P31 110 2-bit X 1 (CMOS input/output structure)
P4o—-Pa4 .Input 5-bit X 1 (can be used as A-D input pins, mixing input pins, INT input pins,
. axtenal clock input pins)
P45, P4s Input 2-bit X 1 (N-channel open-drain output structure when serial I/O is used,
: can be used as serial /O pins})
P52-P55 Output 4-bit X 1 (CMOS output structure, can be used as CRT output pins)
P63 Input 1-bit X 1 (can be used as sub-clock input pin, CRT display clock input pin)
P64 Input 1-bit X 1 (CMOS output structure when LC is oscillating, can be used as
sub-clock output pin, CRT display clock output pin)
Serial 110 8-bit X 1

Mutti-master [2C-BUS interface

1

A-D comparator

4 channels (6-bit resolution)

PWM output circuit 8-bitX 7
Timers 8-bit timer X 6
Subroutine nesting 96 levels (maximum)

1

Interrupt

Interrupt interval determination circuit -

Externat interrupt X 2, Internal timer interrupt X 5, Serial I/Q interrupt X 1,
CRT interrupt X 1, Multi-master 12C-BUS interface interrupt X 1,
(XiN)/4096 interrupt X 1, VSYNC interrupt X 1, BRK interrupt X 1

Clock generating circuit

2 built-in circuits (externally connected a ceramic resonator or a quartz-
crystal oscillator) .
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP, M37267M6-XXXSP, M37267M8-XXXSP
M37267EE-XXXSP, M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
. and ON-SCREEN DISPLAY CONTROLLER

FUNCTIONS (continued)

Parameter Functions
Data slicer Built in
Power source voltage 15V+10% .
Power dissipation | In high-speed | CRT ON | Data slicer ON | 165 mW typ. (at oscillation frequency fcpu = 8 MHz, fcRT = 13 MHz)
mode CRT OFF | Data slicer OFF | 82.5 mW typ. (at oscillation frequency fcPu = 8 MHz)
Incl’gw-speed _ CRT OFF | Data slicer OFF | 0.33mwW typ. (at oscillation frequency fcLk = 32 kHz, f(XIN) = stopped)
mode
In stop mode | 0.055 mW (maximum)
Operating temperature range . -10°C to 70 °C
Device structure CMOS silicon gate process
Package 52-pin shrink plastic molded DIP _
CRT display function Number of display characters | 34 characters X 4 lines (maximum 16 lines by software)
Dot structure 8 X 13 dots (character part : 8 X 10 dots)
Kinds of characters 192 kinds
Kinds of character sizes § kinds
Kinds of character colors Maximum 7 kinds (R, G, B); can be specified by the character
Display posiion (horizontal, vertical) | 128 levels (horizontal) X 512 levels (vertical)
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP, M37267M6-XXXSP, M37267M8-XXXSP

M37267EE-XXXSP, M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

PIN DESCRIPTION
Pin Namg g:‘%'g‘ v Name
vee, Power source Apply voltage of 5 V + 10 % (typical) to Vcc and AVce, and 0 V to Vss.
Avce,
vss.
CNVss CNVss . This is connected to Vss.
RESET Reset inp'ut Input To enter the reset state, the reset input pin must be kept at a “L” for 2 us or more (under
normal Vce conditions).
If more time is needed for the quartz-crystal oscillator to stabilize, thls “L” condition should
be maintained for the required time.
XIN Clock input Input This chip has an internal clock generating circuit. To control generating frequency, an
external ceramic resonator or a quartz-crystal oscillator is connected between pins XN and
Xout Clock output Output Xour. If an exteral clock is used, the clock source should be connected to the XIN pln and
the XouT pin should be left open.
POo/PWM4- | 1/0 port PO [lle} Port PO is an 8-bit I/O port with direction register allowing each I/O bit to be individually
P02/PWMS, programmed as input or output. At reset, this port is set to input mode. The output structure
P03, of P03 is CMOS output, that of POo—P02 and P04-P07 are N-channel open-drain output.
PO4/PWMO- The note out of this Table gives a full of port PO function.
POTPWMS | output Output | Pins P00—P02 and P04—P07 are also used as PWM output pins PWM4-PWM6 and PWMO—
PWM3 respectively. The output structure is N-channel open-drain output.
P10/0OUT2, [ /O port P1 [l{e] Port P1 is an 8-bit I/O port.and has basically the same functions as port P0. The output
P14/SCL1, structure of P10 and P15—P17 is CMOS output, that of P11—P14 is N-channel open-drain
P12/SCL2, output. ’
g:i’ggﬁ; CRT output Output Pins P10 is also used as CRT output pins OUT2. The output structure is CMOS output.
P1s, ' Multi-master Output Pins P11-P14 are used as SCL1, SCL2, SDA1 and SDA2 respectively, when multi-master
P1s, 12C-BUS interface 12C-BUS interface is used. The output structure is N-channel epen-drain output.
P17/Sin Serial I/0 data Input P17 pin is also used as serial IO data input pin SIN.
input .
p2o—P23 |VOportP2 o Port P2 is an 8-bit I/O port and has basically the same functions as port PO. The output
P24/AD3— . structure is CMOS output.
:2‘75”\01- Analog input Input - Pins P2a—-P2s are also used as analog input pins AD3—-AD1 respectively.
P30, P31 |10 port P3 O Ports P30 and P31 are a 2-bit IO port and has basically the same functions as port PO. The
output structure is CMOS output.
P4o/MXR/ ‘| Input port P4 Inpuit Ports P40—P4s are a 7-bit input port and has basically the same functions as port PO.
QESiNTZ Video signal input Input Ports P40-P4a are also used as video signal input pins for mixing, MXR, MXB, MXOUT
MXG for CRT display ’ respectively.
Pa/TIM2/ Analog input Input Pdo pin is also used as analog input pin AD4.
I':"ni(s?'l"lM 3/ _External interrupt Input Pins P41, P44 are also used as external interrupt input INT2, INT1.
MxouT, Pt : :
P44/INT1, |External clock input Input Pins P42 and P43 are also used as external clock input pins TIM2, TIM3 respectively.
Pds/Sout, [Serial /O data Output P4s pin s used as serial /O data output pin Sout. The output structure is N-channel apen-
P4e/Scik, | output drain output.
Serial /O 1o Pdé pin is used as serial /O synchronizing clock input/output pin Scik. The output struc-
synchronizing clock ture is N-channel open-drain output.
input/output ’
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP, M37267M6-XXXSP, M37267M8-XXXSP

M37267EE-XXXSP, M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

PIN DESCRIPTION (continued)

P52/R, Qutput port P5 Output Ports P52-P5s are an 4-bit output port and has basically the same functions as port PO,

P53/G, The output structure is CMOS output.

Eg;gu.” CRT output Output Pins F'52—_P55 are also used as CRT output pins R, G, B, OUT1 respectively. The output

structure is CMOS output.

P63/0OSC1/ |Input port P6 Input Ports P63, P64 are a 2-bit inport and has basically the same functions as port P0.

ég':;b sC2/ fColfgng]put Input P63 pin is also used as CRT clock input pin OSC1.

Xcour fCIogl;grutpm Output P64 pin is also used as CRT clock output pin OSC2. The output structure is CMOS output.
or :
Sub-clock output Qutput P84 pin is also used as sub-clock output pin XcouT. The output structure is CMOS output.
Sub-clock input Input P63 pin is also used as sub-clock input pin Xcin.

CViN 1/O for data slicer Input Input composite video signal through a capacitor.

VHOLD Input Connect a capacitor between VHOLD and Vss.

RvVCO Connect a resistor between RVCO and Vss.

HLF Connect a filter using of a capacitor and a resistor between HLF and Vss.

Hsyne Hsyne input Input This is a horizontal synchronizing signal input for OSD.

VSYNC VSYNG input Input This is a vertical synchronizing signal input for OSD.

Note : As shown in the memory map (Figure 3), port PO is accessed as a memory at address 00C01s of zero page. Port PO has the port PO
direction register (address 00C116 of zero page) which can be used to program each bit as an input (0 or an output (“17). The pins
programmed as “1” in the direction register are output pins. When pins are programmed as “0,” they are input pins. When pins are
programmed as output pins, the output data are written into the port latch and then output. When data is read from the output pins, the
output pin level is not read but the data of the port latch is read. This allows a previously-output value to be read correctly even if the
output “L” voltage has risen, for example, because a light emitting diode was directly driven. The input pins are in the floating state, so the
values of the pins can be read. When data is written into the input pin, it is written only into the port latch, while the pin remains in the
floating state.

__Im L2y49828 0025813 &55 M
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- MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP, M37267M6-XXXSP, M37267M8-XXXSP

M37267EE-XXXSP M37267EESP

SINGLE- CHIP 8 BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)
The M37267M6-XXXSP uses the standard 740 family instruction set.

Refer to the table of 740 family addressing modes and machine in-

CPU Mode Register

The CPU mode register contains the stack page selection bit and
internal system clock selection bit. The CPU mode register is allo-
cated at address 00FB1s.

structions or the SERIES 740 <Software> User's Manual for details
on the instruction set.

Machine-resident 740 family instructions are as follows:

The FST, SLW instruction cannot be used.

The MUL, DIV, WIT and STP instruction can be used.

I I |CPU mode reglster
(CPUM (CM} : address O0FB16)

Processor mode bits ‘
b1 b0

0 0 : Single-chip mode

01: :
1 0: } Notavailable
11:

Stack page selection bit
0 : Zero page
1:1 page -

Fix these bits to “1.”

Xcout drivability selection bit
0 : Low drive
1.: High drive )
Main colock (Xin - XouT) stop bit
0 : Oscillating
1 : Stopped

L]

Internal system clock selection bit
0 : XN - Xour selected (high-speed mode)
1 : Xcin - Xcour selected (low-speed mode)

Note : Please beware of this bit when programming because it
is set to “1” after the reset release.

Fig. 1. Structure of CPU mode register

-l 6249828 0025814 791 WN
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP, M37267M6-XXXSP M37267M8-XXXSP

M37267EE-XXXSP, M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

MEMORY
Special Function Register (SFR) Area

The special function register (SFR) area in the zero page contains
control registers such as I/O ports and timers.

RAM
RAM is used for data storage and for stack area of subroutine calls
and interrupts.

ROM :
ROM is used for storing user programs as well as the interrupt vector
area.

RAM for Display
RAM for display is used for specifying the character codes and col-
ors to display. '

Interrupt Vector Area
The interrupt vector area contains reset and interrupt vectors.

Zero Page

The 256 bytes from addresses 000016 to 00FF+16 are called the zero
page area. The intemal RAM and the special function registers (SFR)
are allocated to this area.

The zero page addressing mods can be used to specify memory and
register addresses in the zero page area. Access to this area with
only 2 bytes is possible in the zero page addressing mode.

Special Page

The 256 bytes from addresses FF0016 to FFFF16 are called the spe-
cial page area. The special page addressing mode can be used to
specify memory addresses in the special page area. Access to this
area with only 2 bytes is possible in the special page addressing
mode.

ROM for Display
ROM for display is used for storing character data.
{ { { { 000016 1000016
/ / / / 00C018 Zero page
00FF1s SFR 1 area
(1536 by!es)_{(1024 hy'les)_{ (960 lrftes)_{ (896 bytes ' F;(_)M| 10BFF16
for or display Not used
MOTSTEE “MaraMe Marserve “waroews | 020016 SFR 2 area (3648 bytes)
021416 12000
Not used \ 1€
030016 122FF 16
04BF1s
04FF1s
053F16
073F18
Not used
RAI OEQO16
for display (Note) | OFE11e
Not used
200016 -
800016 Not used
AD0O16
CO0016
ROM
56 K ROM
B9 2Ky ol -
f (24K
MOTZBTEE | | 201;7M8 iavtﬂs (16K bytss)
M37267M6 for
M3T267M4 FF0016
FFDE1s i
Interrupt vector area Special page
FFFF16 1FFFF1e
Note: Refer to Table 10. Contents of CRT display RAM.

Fig. 2. Memory map

_ W 249828 0025815 L2 M
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP M37267M6-XXXSP, M37267M8-XXXSP
| M37267EE-XXXSP M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

00CO1s
00C118
00C218
00C316
00C416
00C516
00C616
00C71s
00C816
00C916
00CA1s
00CB1s
00CC1s
00CD1s
00CE1s
00CF1s
00D01e
00D116
00D21s
00D316
000416
00D516
00D616
00D71s
00D81s
00D%91s
00DA16
00DB16
00DC1s
00DD1s
00DE1s
00DF1s

Port PO 00EO16
Port PQ direction register 00E11s
Part P1 00E216
Port P1 direction register 00E316
Port P2 00E416
Port P2 direction register 00E516
Port P3 00E616
Port P3 direction register 00E716
Port P4 00E816
Port P4 direction register 00ES1e
Port P5 00EA1s
Port P5 direction register O0EB1s
Port P6 00EC1s

00ED1s
CRT conirol register 00EE1s
Display mode register 00EF1s
Priority display control register 00F016
Horizontal position register 00F116
‘Vertical position register 1 00F21s
Vertical position register 2 00F316
Vertical position register 3 00F416
Vertical position register 4 00F516
Vertical position register 5 - 00F816
Character size register 1 00F71s
Character size register 2 00F81s
Display clock selection register 1 00F91s
Display clock selection register 2 00FA18
Background color control register 00FB1s
Mask mode register 1 00FC1e
Mask mode register 2 00FD1e
Data slicer control register 1 00FE16
Data slicer control register 2 00FF16

Caption position register

Start bit position register

Window register

Sync slice register

Data register 1

Data register 2

Clock run-in register 1

Clock run-in register 2

Clock run-in detect register 1

Clock run-in detect register 2

Sync pulse counter register

Serial /O mode register

Serial IO register

A-D control register 1

Interrupt interval determination register

Interrupt interval determination control register

Timer 1

Timer 2

Timer 3

Timer 4

Timer mode register 1

Timer mode register 2

12C data shift register

12C address register

12C status register

12C control register

12C clock control register

CPU mode register

Interrupt request register 1

Interrupt request register 2

Interrupt control register 1

Interrupt controt register 2

Fig. 3. Memory map of special function register 1 (SFR 1)
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP, M37267M6-XXXSP, M37267M8-XXXSP
M37267EE-XXXSP, M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

020016 | PWMO register
020116 | PWMI1 register
020216 | PWM2 register
020316 | PWM3 register
020416 | PWM4 register
020516 | PWMS5 registar
020616 | PWM6 register
020718
020818
020916
020A16 | PWM moda register 1
020B1s | PWM mode register 2
020C16 | Timer 5

020D1s | Timer 6

020E16 Note: Set “0016” to address 020E 6.
020F16 | Timer 3 count select register
021018 | OUT control register

021118 | CRT input polarity register
021216 | CRT output control register
021316 | Mixing control register
021416 | A-D control register 2
021516
021618
021716
021816
021916
021A18
021B1s
021C16
021D1s
021E1s
021F18

Fig. 4. Memory map of spacial function register 2 (SFR 2)

M L249828 0025817 4TO HE

o s
ELECTRIC 2683




MITSUBISHI MICROCOMPUTERS .

M37267M4-XXXSP, M37267M6-XXXSP, M37267M8-XXXSP

M37267EE-XXXSP, M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

INTERRUPTS
Interrupts can be caused by 16 different sources consisting of 3 ex-
" temnal, 11 intemal, 1 software, and reset. Interrupts are vectored in-

terrupts with priorities shown in Table 1. Reset is also included in the

table because its operation is similar to an interrupt.

When an interrupt is accepted, )

(1) The contents of the program counter and processor status
register are automatically stored into the stack.

(2) The interrupt disable flag | is set to “1” and the corresponding
interrupt request bit is set to “0.”

(3) The jump destination address stored in the vector address enters
the program counter.

Other interrupts are disabled when the interrupt disable flag is set to

q.m

All interrupts except the BRK instruction interrupt have an infermpt

request bit and an interrupt enable bit. The interrupt request bits are

in interrupt request registers 1 and 2 and the interrupt enable bits are

in interrupt control registers 1 and 2. Figure 5 shows the structure of

the interrupt-related registers.

Interrupts other than the BRK instruction interrupt and reset are ac-

cepted when the interrupt enable bit is “1,” interrupt request bit is “1,”

and the interrupt disable flag is “0.” The interrupt requesi bit can be

set to “0” by a program, but not setto“1.” The interrupt-enable bit can

be set to “0” and “1” by a program.

Reset is treated as a non-maskable interrupt with the highest priority.

Figure 6 shows interrupt control.

Interrupt Causes

(1) VsYNC and CRT interrupts
The VSYNC interrupt is an interrupt request synchronized with
the vertical sync signal.

.~ The CRT interrupt occurs after character block display to the CRT

is completed.

INT1, INT2 inferrupts

With an external inierrupt input, the system detects that the level

of a pin changes from “L” to “H” or from “H” to “L,” and generates

an interrupt request. The input active edge can be selected by

" bits3,4and5 of the interrupt interval determination control reg-

ister (address 00EF16) : when this bit is “0,” a change from “L” to
“H” is detected; when itis “1,” a change from “H” to “L” is de-
tected. Note that all bits are cleared to “0” at reset.

(3) Timer 1, 2, 3 and 4 interrupts
An interruptiis generated by an overflow of timer 1, 2 3ord.

(4) Serial /O interrupt
This is an-interrupt request from the clock synchronous serial
/0 function.

(5) f(Xiny/4096 interrupt
This interrupt occurs regularly with a f(Xin)/4096 period. Set bit 0
of the PWM mode register 1 to “0.”

2

~—

(6) Data slicer interrupt

An interrupt occurs at the end of the line specified in the caption
position register.

(7) Muiti-master 2C-BUS interface interrupt
This is an inte"rrupt request related to the multi-master 12C-BUS
interface.

(8) Timer 5 - 6 interrupt -
An interrupt is generated by an overflow of timer 5 or 6. Their
priorities are same, and can be switched by software.

(9) BRK instruction interrupt
This software interrupt has the least significant priority. It does
not have a corresponding interrupt enable bit, and it is not af-
fected by the interrupt disable flag | (non-maskable).

Table 1. Interrupt vector addresses and priority
Interrupt source Priority Vector addresses Remarks

Reset 1 FFFF1s, FFFE1s Non-maskable
CRT interrupt 2 FFFD1s, FFFC16 .
INT1 interrupt 3 - FFFB1s, FFFA18 Active edge selectable
Data slicer interrupt 4 FFF916, FFF816
Serial I/O interrupt 5 FFF716, FFFB16

- Timer 4 interrupt 6 FFF516, FFF416°
f(XIN)/4096 interrupt 7 FFF316, FFF216 Active edge selectable
VSYNC interrupt 8 ~ FFF116, FFFO16
Timer 3 interrupt 9 FFEF1s, FFEE16
Timer 2 interrupt 10 FFED16, FFEC16
Timer 1 interrupt 1 FFEB16, FFEA16 )
INT2 interrupt. 12 FFE71s, FFE616 Active edge selectable
Mutti-master [2C-BUS interface interrupt 13 FFES516, FFE416
Timer 5 - 6 interrupt 14 FFE31s, FFE216
BRK instruction interrupt 15 FFDF16, FFDE16 Non-maskable (software interrupt)
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Interrupt request register 1

(IREQ1 : address 00FC1e)

ORENE

Interrupt request register 2
(IREQ2 : address 00FD16)

1]

ENENENEE

Timer 1 interrupt request bit

Timer 2 interrupt request bit

Timer 3 interrupt request bit.

Timer 4 interrupt request bit
CRT interrupt request bit

VsyNG interrupt request bit

INT1 interrupt request bit

Data sliéer interrupt request bit
Serial I/0 interrupt request bit
£{XIN)/4096 interrupt request bit
INT2 interrupt request bit

- Multi-master 12C-BUS

interface interrupt request bit

Timer 5 . 6 interrupt request bit

0 : No interrupt request issued
1 7 Interrupt request issued

7

Fix this bit to “0.”

Interrupt control register 1
(ICON1 : address OOFE1e)

EDERENEN

ERENEEEN

Interrupt control register 2
(ICON2 : address 00FF1s)

Timer 1 interrupt enable bit
Timer 2 interrupt enable bit

Timer 3 interrupt enable bit
Timer 4 interrupt enable bit
—— CRT interrupt enable bit

VsvyNe interrupt enable bit
Fix this bit to “0.”

INT1 interrupt enable bit
Data slicer interrupt enable bit

L Serial /O interrupt enable bit

f(XiN)/4096 interrupt enable bit
INT2 interrupt enable bit

Multi-master 12C-BUS
interface interrupt enable bit

Timer 5 - 6 interrupt enable bit

0 : interrupt disabled
1 : Interrupt enabled

Timer 5 - 6 interrupt switch bit
0: Timer 5
1:Timer 6

Fig. 5. Structure of interrupt-related registers

Interrupt request bit ——
Interrupt enable bit ——

Interrupt disable flag | ——

BRK instruction
Reset

Interrupt request

Fig. 6. Interrupt control
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TIMERS
The M37267M6-XXXSP has 6 timers: timer 1, timer 2, timer 3, timer

4, timer 5 and timer 6. All timers are 8-bit timers with the 8-bit timer
latch. The timer block diagram is shown in Figure 8.

All of the timers count down and their divide ratio is 1/(n+1), where n
is the value of timer latch. The value is set to a timer at the same time
by writing a count value to the corresponding timer latch (addresses
00F016 to 00F316: timers 1 to 4, addresses 020C16 and 020D16 :
timers 5 and 6). ‘

The count value is decremented by 1. The timer interrupt request bit
is setto “1” by a timer overflow at the next count pulse after the count
value reaches “0016".

(1) Timer 1

Timer 1 can select one of the following count sources:

® f(XiN)/16 or f(XCIN)/16

® f(XIN)/4096 or f(XCIN)/4096

¢ External clock from the P42/TIM2/MXB pin

The count source of timer 1 is selected by setting bits 5 and 0 of the
timer mode register 1 (address 00F41s). Either f(XIN) or f(XCIN) is
selected by bit 7 of the CPU mode register. '

Timer 1 interrupt request occurs at timer 1 overflow.

(2) Timer 2

Timer 2 can select one of the following count sources:

@& f(XIN)/16 or f(XCiN)/16

® Timer 1 overflow signal

@ External clock from the P42/TIM2/MXB pin

The count source of timer 2 is selected by setting bits 4 and 1 of the
timer mode register 1 (address 00F41s). Either f(XIN) or f(XClN) is
selected by bit 7 of the CPU mode register. When timer 1 overflow
signal is a count source for the timer 2, the timer 1 functions as an 8-
bit prescaler.

Timer 2 interrupt request occurs at timer 2 overflow.

(3) Timer 3.

Timer 3 can select one of the following count.sources:

® f(XiN)/16 or f(XcIN)/16

@ f(XCIN) )

© External clock from the P42/TIM3/MXOUT pin :
The count source of timer 3 is selected by setting bit 0 of the timer
mode register 2 (address 00F516) and bit O at address 020F16. Ei-
ther f(XmN) or f(XcIN) is.selected by bit 7 of the CPU mode register.
Timer 3 interrupt request occurs at timer 3 overflow.

(4) Timer 4

Timer 4 can select one of the following count sources:

® f(XIN)/16 or f(XCIN)/16 '

® f(XIN)/2 or f(XCIN)/2

® f(XCIN) )

The count source of timer 3 is selected by setting bits 4 and 1 of the
timer mode register 2 (address 00F51s). Either f(XIN)} or f(XCIN) is
selected by bit 7 of the CPU mode register. When timer 3 overflow
signal Is a count source for the timer 4, the timer 3 functions as an 8-
bit prescaler.

Timer 4 interrupt request occurs at timer 4 overflow.

B L249828 0025820 T95 WE

(5) Timer 5 :

Timer 5 can select one of the following count sources:

® f(XIN)/16 or f(XCIN)/16

® Timer 2 overflow signal

® Timer 4 overflow signal

The count source of timer 3 is selected by setting bit € of the timer
mode register 1 (address 00F416) and bit 7 of the timer mode regis-
ter 2 (address 00F516). Either f(XiN) or f(XCIN) is selected by bit 7 of
the CPU mode register.

Timer § interrupt request occurs at timer § overflow.

(6) Timer 6

Timer 6 can select one of the following count sources:

® f(XIN)/16 or f(XCIN)/16

® Timer 5 overflow signal

The count source of timer 6 is selected by setting bit 7 of the timer
mode register 1 (address 00F416). Either f(Xin} or f(XCIN) is selected
by bit 7 of the CPU mode register. When timer 5 overflow signal is a
count source for the timer 6, the timer 5 functions as an 8-bit prescaler.
Timer 6 interrupt request occurs at timer 6 overflow.

At reset, timers 3 and 4 are connected by hardware and “FF16” is

automatically set in timer 3; “0716” in timer 4. The f()IN) * /16 is se-

lected as the timer 3 count source. The intemal reset is released by

timer 4 overflow at these state, the internal clock is connected.

At execution of the STP instruction, timers 3 and 4 are connected by

hardware and “FF1¢” is autoratically set in timer 3; “0716” in imer 4.

However, the f(XIN) */16 is not selected as the timer 3 count source.

So set both bit 0 of the timer mode register 2 (address 00F516) and

bit 0 at address 020F 16 to “0” before the execution of the STP in-

struction (f(XIN) * /16 is selected as the timer 3 count source). The

internal STP state is released by timer 4 overflow at these state, the

internal clock is connected.

Because of this, the program starts with the stable clock.

* : When bit 7 of the CPU mode register (CM7) is “1,” f(XiN) be-
comes f(XCIN). : '

The structure of timer-related registers is shown in Figure 7.
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7 0 7 0
| l I I I | I I Timer mode register 1 I I | I | | l | Timer mode register 2
(TMR1 : address 00F416) (TMR2 : address 00F516)
Timer 1 count source selection bit 1 . Timer 3 count source selection bit
0 : f(XiN)/16 or f(XciN)/16 (Note) (Bit0 at
1 : Count source selected by bit 5
of TMR1 . address
' 020F16) b0
— Timer 2 count source selection bit 1 0 0:f(Xin)y/16 or f(Xcin)/16 (Note)
0 : Count source selected by bit 4 of 1 0:f(XciN)
T™MR1 0 1:} Extemal clock from
1 : External clock from P42/TIM2/ . 1 1 :} P4a/TIM3/MXOUT pin
MXB pin
Timer 1 count stop bit Timer 4 count source selection bits
0 : Count start b4 bi
1 : Count stop 0  0:Timer 3 overflow
0 1:f(XNY16 or f(XCiNY/16 (Note)
Timer 2 count stop bit 1 0:f(XiN)/2 or f(Xcin)/2 (Note)
0: Count start 1 1:f(XcN)
1: Count stop
Timer 2 count source selection bit 2 Tlme.r 3 count stop bit
? 0 : Count start
0 : fXin)/16 or f(Xcin)/16 (Note) 1 : Count stop
1 : Timer 1 overflow
-Timer 1 count source selection bit 2 'l"lmoe'ré c°‘,:"tt:;°p bit
0 : f{XIN)/4096 or f(XcIN)/4096 (Note) % Count st
1: Extemnal clock from P42/TIM2/ : Lount stop
MXB pin
Timer 5 count source selection bit 2 — Timer 5 count stop bit
0 : Timer 2 overflow 0 : Count start
1 : Timer 4 overflow 1 : Count stop
Timer 6 count source selection bit ————————— Timer 6 count stop bit
0 : f(XIN)/16 or f(XciNy/ 16 (Note) 0 : Count start
1 : Timer 5 overflow 1 : Count stop
Timer 5 count source selection bit 1
0 : f(XiN)/16 or f(XCIN)/16 (Note)
1 : Count source selected by bit 6
of TMR1
Note : Either f(Xin) or f(XCiN) is selected by bit 7 of the CPU mods register.

Fig. 7. Structure of timer-related registers
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Data bus
XciNO—
Timer 1 latch (8)
8
- Timer 1
XiN O— Timer 1 (8) interrupt request
8 %
. ‘ s .
Timer 2 latch (8)
i 8
Y S " . Timer 2
P42/TIM2 O———)@ ] ﬁ;ﬁh Timer 2 (8) A interrupt request
TMR13 a8 &
8 Resat .
FFe STP instruction
> TM3EL Timer 3 latch (8) :
: ] Timer 3
P43TIM3 O+———>[3>— . 1 >4 >Q—) Timer 3 (8) >
. ‘ TMR20 interrupt request
TMR22 8
TMR21 0716 3
Timer 4 latch (8) 2
. 8
y Timer 4
> £ ;—r{‘ ?—) Timer 4 (8) h
T’M\.I’R21 TMR24 interrupt request
TMR23 8
( -
O
TMR1s
Selection gate : Connected to Timer 5 latch (8)
black colored 8
side at reset y
Timer 5
Timer 5 (8) :
' TMR2y interrupt request
TMR1 : Timer mode register 1 TMR2s 8
TMR2 : Timer mode register 2
TMR3EL : Timer 3.count source 3
switch bit
(address 020F16) :
CM : CPU mode register ;
Timer 6 latch (8) 2
o Timer 6
TMR17 Timer 6 (8) . interrupt request
TMR2s 8

Notes 1: “H” pulse width of extemnal clock inputs TIM2 and TIM3 needs 4 machine cycles or more.
2: When the extemal clock source is selected, timers 1, 2, and 3 are counted at a rising edge of input signal.
3: In the stop mode or the wait mode, extemal clock inputs TIM2 and TIM3 cannot be used.

Fig. 8. Timer block diagrém
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SERIAL VO

The M37267M6-XXXSP has a built-in serial /O which can either trans-

mit or receive 8-bit data in serial in the clock synchronous mode.

The serial /O block diagram is shown in Figure 9. The synchronizing

clock /O pin (ScLk), and data output pin (Sou) also function as port
- P4, data input pin (Sin) also functions as port P1.

Bit 2 of the serial /O mode register {(address 00EB16) selects whether

the synchronizing clock is supplied internally or extemnally (from the

P46/ScLk pin). When an internal clock s selected, bits 1 and 0 select

whether f(XIN} is divided by 8, 16, 32, or 64. To use P4s/SouT and
- P4e/Scik pins for serial /0, set the corresponding bits of the port P4
direction register (address 00C916) to “0.” To use P17/SiN pin for
serial /O, set the corresponding bit of the port P1 direction register
(address 00C318) to “0.”

The operation of the serial I/Q function is described below. The func-
tion of the serial I/O differs depending on the clock source; extemal
clock or intemal clock.

v

Data bus

\4

Frequency divider

b

Salection gate: Connected to
black colored
side at reset.

Synchronization S,le
circuit D

CM : CPU mode register
SM : Serial /O mods register

P46/ScLk =IL Serial I/0 counter (8) :\ﬁer:::jgtorequest
) SMs: LSB<>> MSB
P4s/SoutO—
. Y
P17/SNO- ;IL Serial YO shift register (8)

Note : When the data is set in the serial /O register (address 00EC1s), the register functions as the serial /O shift register.

(Address O0EC1

L

Fig. 9. Serial I/O block diagram
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Internal clock—the serial O counter is set to “7” during write cycle
into the serial /O register (address 00EC16), and transfer clock goes
“H” forcibly. At each falling edge of the transfer clock after the write
cycle, serial data is output from the SouT pin. Transfer direction can
be selected by bit 5 of the serial I/O mode register. At each rising
edge of the transfer clock, data is input from the SiN pin and data in
the serial /O register is shifted 1 bit.

After the transfer clock has counted 8 times, the serial IO counter
becomes “0” and the transfer clock stops at “H.” At this time the inter-
rupt request bitis setto “1.”

External clock—when an external clock is selected as the clock
source, the interrupt request is set to “1” after the transfer clock has

counted 8 times. However, transfer operation does not stop, s¢ con-

trol the clock externally. Use the external clock of 500kHz or less
with a duty cycle of 50%.

The serial /O timing is shown in Figure 10. When using an external
clock for transfer, the external clock must be held at “H” for initializing
the serial I/O counter. When switching between an internal clock and
an external clock, do not switch during transfer. Also, be sure to ini-
tialize the serial IO counter after switching.

Notes 1: On programming, note that the serial I/O counter is set by
writing to the serial I/O register with the bit managing in-
structions as SEB and CLB instructions.

2: When an external clock is used as the synchronizing clock,
write transmit data to the serial /O register at “H” of the
transfer clock input level.

| | I I |Senal 1/0 mode register
(SM : address 00EB16)

[TT]

Intemal synchronizing clock
selection bits

b1 b0

0 0:f(Xm)/8 or f(XcINY8

0 1:f(XiNy/16 or f(XcINy/16
1 0:f(XN)/32 or f(XcIN)/32
11 :§Xn)/64 or f(XcINy/64

Synchronizing clock selection bit
0 : External clock
1 : Internal clock

Port function selection bit
0: P11, P13 functions as port
1:8CL1, SDA1

Port function selection bit
0: P12, P14 functions as port
1:8CL2, SDA2

Transfer direction selection bit
0 : LSB first
1 : MSB first

Fix these bits to “012”

Fig. 11. Structure of serial /O mode register

Synchroninzing clock III|||l||||||||||||l|||||||

Serial /0 input
SIN

Transfer clock

Serial /O register |_| |

write signal & T (Note)
i o

Serial /O output |

Sout Do D4 D7 /

]
¥

DjXDa'X X ps X Ds X
A X X X X

Note : When an intemal clock is selected, the Sout pin is at high-impedance after transfer is completed.

Interrupt request bit is set to “1”

Fig. 10. Serial IO timing (for LSB first)
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PWM OUTPUT FUNCTION

The M37267M6-XXXSP is equipped with seven 8-bit PWMs (PWMO—
PWMB6). PWMO-PWM6 have the same circuit structure and an 8-bit
resolution with minimum resolution bit width of 4 us (for f(Xin) = 8
MHz) and repeat period of 1024 gs.

Figure 12 shows the PWM block diagram. The PWM timing generat-
ing circuit applies individual control signals to PWMO—PWMS using
f(XIN) divided by 2 as a reference signal.

(1) Data Setting
When outputting PWMO-PWMS, set 8-bit output data in the PWMi
register (i means 0 to 6; addresses 020016 to 02061s).

(2) Transmitting Data from Register to PWM circuit
Data transfer from the 8-bit PWM register to 8-bit PWM circuit is

executed at writing data to the register.
The signal output from the 8-bit PWM output pin corresponds to the
contents of this register.

(3) Operating of 8-bit PWM

The following is the explanation about PWM operation. ]

At first, set the bit 0 of PWM mode register 1 (address 020A16) to “0”
(at reset, bit 0 is already set to “0” automatically), so that the PWM
count source is supplied.

PWMO-PWM3 are also used as pins P0s-P07, PWM4-PWMS are
also used as pins P00-P02 respectively. Set the corresponding bits
of the port PO direction register to “1” (output mode). And select each
output polarity by bit 3 of the PWM mode register 1 (address 020A16).
Then, set bits 6 to 0 of the PWM output control register 2 to “1”
(PWM output).

The PWM waveform is output from the PWM output pins by setting
these registers.

Figure 13 shows the 8-bit PWM timing. One cycle (T) is composed
of 256 (28) segments. The 8 kinds of pulses relative to the weight of
each bit (bits 0 to 7) are output inside the circuit during 1 cycle. Refer
to Figure 13 (a). The 8-bit PWM outputs waveform which is the logi-
cal sum (OR) of pulses corresponding to the contents of bits 0 to 7 of
the 8-bit PWM register. Several examples are shown in Figure 13
(b). 256 kinds of output (*H” level area: 0/256 to 255/256) are se-
lected by changing the contents of the PWM register. A length of
entirely “H” output cannot be output, i.e. 256/256.

(4) Output after Reset
At reset the output of port POo—P02 and P04—P07 is in the high-im-

pedance state, and the contents of the PWM register and the PWM
circuit are undefined. Note that after reset, the PWM output is unde-
fined until setting the PWM register.
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Data bus -

| PWM timing
generating |
N
PWMO register i
(Address : 02001s) ,
w7l | | [ 1 v} :
0 )
8 E .
“ V¥ ' PNa '@  pps - DOs_ - PWMO
. l 8 bit PWM circuit | 7
’ ' PWo
__________________________________ 'E POs DOs i PWM1
‘ ‘ : LPWh i
PWM1 register (Address : 020116) | __ __ Cemmeeeee '
! -; POs D0s : {O PWM2
PWM2 register (Address : 020216) L : PW2 .
""""""""""""""" :""""‘: PO7 DOz EO PWM3
PWM3 reglster (Address : 020316) 1 E PWs
""""""""""""""""" :’"'""": P0Oo DO PWM4
' o ; j So—]
E L PWa i
PWM4 register (Addrass : 02041) _____ (I 3
r ' Ppr DO1 {O PWMS
PWMS register (Address : 020516) E ) PWs )
___________________________ .

PWMG register (Address : 020616)

4

Selection gate:
- Connected to
black colored
side when reset. PN : PWM mode- register 1 (address 020A16)
. . PW: PWM mode register 2 {address 020B1e)
U , ) PO : Port PO n?gistgr (add'ress 00CO018)
Inside of: | is as same contents with the i DO : Port PO direction register (address 00C116) \

Fig. 12. PWM block diagram
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PWM mode register 1

(PN: address 020A1s)

PWM count source selection bit
0 : Count source supply
1 : Count source stop

Fix these bits to.*0.” -

PWM output polarity selection bit
0 : Positive polarity
1 : Negative polarity

PWM mode register 2
(PW: address 020B1s)

P04/PWMO output selection bit
0 : PO4 output
1 : PWMO output

P0Os/PWM1 output selection bit
0 : POs output
1 : PWM1 output

P0s/PWM2 output selection bit
0 : POs output
1: PWM2 output

PO7/PWM3 output selection bit
0 : P07 output
1: PWM3 output

P0o/PWM4 output selection bit .
0 : POo output
1 : PWM4 output

P01/PWMS5 output selection bit
0 : P01 output
1 : PWMS output

P02/PWM6 output seléction bit

0 : P02 output
1 : PWMS6 output

Fix this bit to “0.”

Fig. 14. Structure of PWM-related registers
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A-D COMPARATOR

A-D comparator consists of 6-bit D-A converter and comparator. A-D
comparator block diagram is shown in Figure 17.

The reference voltage “Vref” for D-A conversion is set by low-order 5
bits of the A-D control register 1 (address 00ED16) and bit O of the
A-D control register 2 (address 021416).

The comparison result of the analog input voltage and the reference
voltage “Vref” is stored in bit 5 of the A-D control register 1.

For A-D comparison, set “0” to corresponding bits of the direction
register to use ports as analog input pins. Write the least significant
bit of digital value corresponding to Vref to be compared to bit 0 of the
A-D control register 2. After that, write the high-order 5 bits of digital
value to the low-crder 5 bits of the A-D control register 1, and write
the data for selecting analog input pins to bits 6 and 7. The voltage
comparison starts by writing to the A-D control register 1, and it is
completed after 16 machine cycles (NOP instruction X 8).

A-D control register 2
(AD2: address 021416)

D-A converter set bits
Refer to Table 2.

7 . 0

| A-D control register 1
(AD1: address 00ED16}
u——LL—I— D-A converter set bits
Refer to Table 2.

Storage bit of comparison result
0 : Input voltage < reference voltage
1 : Input voltage > reference voltage

Analog input pin selection bits
b7 b6

0 0:P24/ADY
0 1:P2¢/AD2
1 0:P24AD3
1 1:P4o/MXR/AD4

Fig. 15. Structure of A-D control register 2

Table 2. Relation between contents of A-D control registers and ref-

erence voltage “Vref”
A-D control register 1 Argge":‘g' Reference
Bit4 | Bit3 | Bit2 | Bit1 | Bito | Bito | voltage Ve

0 0 4] 0 0 0 1/64 Vceo
0 0 0 0o |l 0 1 2/64 Voc
0 0 0 0 1 0 3/64 Vcc
0 0 0 0 1 1 4/64 Vce
0 0 0 1 0 0 5/64 VCC
0 0 0 1 0 1 6/64 Voe
1 1 1 1 0 0 61/64 Vce
1 1 1 1 0 1 62/64 Vce
1 1 1 1 1 0 63/64 Vce
1 1 1 1 1 1 64/64 Vcc

Fig. 16. Structure of A-D control register 1

A-D control register 1
Comparator control
bits 6,7

A-D control register 1 A-D control register 2

P26/AD1——]  Analog A ~ Y

P2s/AD2—  gignal Compa- " - - - - " -
Povps—]  Sianel Com Bits gta | st3a | w2 | mr | sio ][ sro |
P4/MXR/AD4— - — >

Switch tree

Resistor ladder

Fig. 17. A-D comparator block diagram
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DATA SLICER o When the data slicer function is not used, the data slicer circuit can

The M37267M6-XXXSP includes the data slicer function for the be cut off by setting bit 0 of the data slicer control register 1 (address
closed caption decoder (referred to as the CCD). This function takes 00DE16) to “0.” Also, the timing signal generating circuit can be cut
out the caption data superimposed in the vertical blanking interval of off by setting bit 0 of data slicer control register 2 (address 00DF16)
a composite video signal. A composite video signal which makes to “0.” Thesé settings can realize the low-power dissipation.

the sync chip’s polarity negative is input to the CViN pin.

Composite | 0.1 uF 420 1k

e ] N idom ma
signel ! Hundred of 560 pF , uF 200 pF rseygrix:tg:nse_ counter
i kiloohms to 1M : ; ; ;; .
- R e e
CViN Hsyne : HLF l i il
Clock run-in register 2
Synchronizing 1€ address 00E716
signal counter _ D] EIKIE N .
Qlarr!plpg Data slicer control register
circuit {address 00DF1e)
" - — [ 10| 1ofo] |1 K
Low-pass Sync slice, Sg:;::t?g:\mg - .
fiiter circuit circuit Data slicer control register.
- {address 00DE1¢
Timing signal | 1of fojof |1 |
generating >
circuit Data slicer ON/OFF
Window register
address 00E21s
) Jr ofol 111111
\ Clock run-in -
/ determination 7
_____ circuit MENENERE
:' JVHOLD | Reference Comparator A Clock run-in register 1
' | . voltage Line 21 < (address 00E616)
‘ : generating P—> decision
! ;1000 pF| circuit 7 circuit ] - ]
i ;L_- : \Ir_ ] [1jolof | | J 1k
[ : | Caption position register
$—>] Start bit detecting (address O0EQ16)
circuit ¢
ramenn . : ¢ HEEEEEEN
) 1 External circuit N Start bit position register
Note: Make the length of wiring which is Data CI;;.’CR reuit (addresg 00E11e)
connected to VHotp, HLF, RVCO and generating circur : [T T 11
CVIN pin as short as possible so that a ' - : . ARENREEN
leakage current may not be generated Clock run-in detect register 1
- when mounting a resistor or a (address 00EB16)
capacitor on each pin. 16-bit shift register]
L] ! HEENNEEER
high-order  low-order Clock run-in detect register 2
(address 00E916) ’
Data slicer
: | Intornuptrequest | jniorpr
- . Data register 2 generating circuit request
Sync slice register (address 00E516)
(address 00E316) v - Data register 1
[o[ofof of 1] 0] 1] L] : |J (address 00E416)

Fig. 18. Data slicer block diagram
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Figure 19 shows the structure of the data slicer control register.

7 0 7 0
0 0jo Data slicer control register 1 0 0]° Data slicer control register 2
DSC1 : address 00DE
( & e} (DSC2 : address 00DF6)
Data slicer control bit .
0 : Data slicer stopped Timing signal generating circuit
1 : Data slicer operating control bit
0 : Stopped
Field to be sliced data 1 : Operating
selection bit
- Reference clock source
0 : Hsep I | l | selaction bit
0 : Video signal
Vsep % ~ 1: Hswne signal
' Test bit : read-only
1: Hsep I_I I_]
Vsep % Fix these bits to “0”
Field selection bit
‘1) Slc?t'r? f?gllggted by bit1 X-pulse shape determination
: ag
" . wnn 0: Match
Fix these bits to “0' 1 : Mismatch
Field determination flag Fix this bit to “0"
0 : Hsep I I l I
Test bit : read-only
Vsep L__
"1 :Hsep l I | I
Vsep 1
Fix this bit to “0”
Data clock generating ;
determination bit
0 : No generation of 16 pulses
1 : Generation of 16 pulses
Fig. 19. Structure of data slicer control registers
(1) Clamping Circuit and Low-pass Filter
This filter attenuates the noise of the composite video signal input 7 0

from the CVIN pin. The CVIN pin to which composite video signal is
input requires a capacitor (0.1 uF) coupling outside. Pull down the
CVin pin with a resistor of hundreds of kiloohms to 1 M . In addition,
we recommend to install externally a simple low-pass filter using a
resistor and a capacitor at the GViN pin (refer to Figure 18).

(2) Sync Slice Circuit

This circuit takes out a composite sync signal from the output signal
of the jow-pass filter. Figure 20 shows the structure of the sync slice
register.

_ I (249828 0025831 &70 W

Sync slice register
(SSL : address 00E316)

Fix these bits to “00001012"

Vertical synchronizing
signal (Vsep) generating
method selection bit

0 : Method 1

1 : Method 2

Fig. 20. Structure of sync slice register
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(3) Synchronizing Signal Separation Circuit
This circuit separates a horizontal synchronizing signal and a vertical
synchronizing signal from the composite sync signal taken outin the
sync slice circuit.
®@ Horizontal synchronizing signal (Hsep)
A one-shot horizontal synchronizing signal Hsep is generated at
the falling edge of the composite sync signal.
@ Vertical synchronizing signal (Vsep)
As a Vsep signal generating method, it is possible to select one of
the following 2 methods by using bit 7 of the sync slice register
(address 00E31s). )
sMethod 1 The “L" level width of the composite sync signal is
measured. If this width exceeds a certain time, a Vsop
signal is generated in synchronization with the rising
of the timing signal immediately after this “L" ievel.
sMethod2 The “L” level width of the composite sync signal is
measured. If this width exceeds a certain time, it is

detected whether a falling of the composite sync

signal exits or not in the “L” level period of the timing

signal immediately after this “L” level. If a falling exists,

a Vsep signal is generated in synchronization with

the rising of the timing signal (refer to Figure 21).
Figure 21 shows a Vsep generating timing. The timing signal shown
in the figure is generated from the reference clock which the timing
generating circuit outputs.

(4) Timing Signal Generating Circuit

This circuit generates a reference clock which is 832 times as large
as the horizontal synchronizing signal frequency. It also generates
various timing signals on the basis of the reference clock, horizontal
synchronizing signal and vertical synchronizing signal. The circuit
operates by setting bit 0 of data slicer control register 2 (address
00DF16) to “1.”

The reference clock can be used as a display clock for CRT display
function in addition to the data slicer. The HsyNC signal can be used
as a count source instead of the composite sync signal. However,
when the HsyNc signal is selected, the data slicer cannot be used. A
count source of the reference clock can be selected by bit 1 of data
slicer control register 2 (address 00DF16).

~ Reading bit 5 of data slicer control register 2 permits determinating

the shape of the V-pulse portion of the composite sync signal. As
shown in Figure 22, when the A level matches the B level, this bit is
“0.” In the case of a mismatch, the bit is “1.”

For the pins RVCO and the HLF, connect a resistor and a capacitor
as shown in Figure 18. Make the length of wiring which is connected
to these pins as short as possible so that a leakage current may not
be generated.

Note: It takes a few tens of milliseconds until the reference clock
becomes stable after the data slicer and the timing signal
generating circuit are started. In this period, various timing
signals, Hsep signals and Vsep signals become unstable. For
this reason, take stabilization time.into consideration when
prograrnming.

Composite

sync signal :
: —»—i«- Measure “L" period—»}< |
N 1

Timing H

e HUTUTUTUUE

Vsep signal l_—

A Vsep signal is generated at a rising of the timing signal
immediately after the “L” level width of the compaosite
sync signal exceeds a certain time.

%

> >
@ >}

V-pulse

(“L” pulse width is long,

[H’ pulse width is short) Bt 5 of
I -1 DSC2

§

Composite
sync signal

§

Fig. 21. Vsep generating timing (method 2)
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(5) Line 21 Decision Circuit @ Selection of field to be sliced data

@ Decision of line 21 Field to be sliced data is selected by bit 1 of data slicer control
This circuit decides a line (line 21) on which caption data is register 1 (address 00DE 16). When bit 2 of the data slicer contro!
superimposed. register 1 is set to “1,” it is possible to decide line 21 for both fields.
Set the number of Hsep to be input in the period from a falling of The field determination flag can be read out by bit 5 of the data
Vsep to a line on which caption data is superimposed in bits 0 to 4 slicer control register 1. This flag changes at the falling of Vsep.

of the caption position register (address 00E01s). The number of :
Hsep is counted by hardware. The line which matches the set value {6) Reference Voltage Generating Circuit and

in the caption position register is regarded as line 21. Comparator
The values of “0016” to “1F16” can be set in the caption position The composite video signal clamped by the clamping circuit is input
register. Bit 7 to bit 5 are used for testing. Set “1002.” Figure 23 fo the reference voltage generating circuit and the comparator.

shows the signals in the vertical blanking interval. Figure 24 shows
the structure of the caption position register.

Video signal L Vertical blanking interval

Composite
video signal

' l
Vsep J Line 21

" Time to be set in the
start bit position register

Magnified
drawing

[ ettt S S E R A e e e e A

E _ )

| Hsop J | I

) J

E . Clock run-in Start bit + 16-bit data E

H c 4 '

1 Composite video —l . | | i

1 signal min. max. Start bit i

) ol »l 1

1 i T [l

Fig. 23. Signals in vertical blanking interval

® Reference voltage generating circuit
This circuit generates a reference voltage (slice voltage) by using
7 0 ¢ t'on/ i st the ampiitude of the clock run-in at line 21 of the fieid selected by
aption position register ] . B .
1 I OI OI l l I | (CP : address 00EQ15) bit 1 of the data slicer controt reglster. Connecta.capacnor of about
1000 pF between the VHoLD pin and the Vss pin, and make the
length of wiring as short as possible so that a leakage current may
Number of horizontal synchronizing

signals tip to line 21 = set value not be generated.
ign: = u
(“0016” to “1F16") @ Comparator

The comparator compares the voltage of the composite video signal
with the voltage (reference voltage) generated in the reference

voltage generating circuit, and converts the composite video signal
Fig. 24. Structure of caption position register into a digital vaiue.
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(7) Start Bit Detecting Circuit

This circuit detects a start bit at line 21 decided in the line 21 decision

circuit. For start bit detection, it is possible to select one of the following

two types by using bit 1 of the clock run-in register 2 (address 00E716).

@ After the lapse of the time corresponding to the set value of the
start bit position register (address 00E11s), the first rising of the
composite video signal is detected as a start bit.

Time from the falling of the horizontal
synchronizing signal to the last rising <
of the clock run-in

@ After a falling of the clock run-in pulse set in bits 2 to 0 of clock run-
in detect register 2 (address 00E916) is detected, a start bit is
detected by sampling a comparator output. A sampling clock for
sampling is obtained by dividing the reference clock generated in
the timing signal generating circuit by 13.

Figure 27 shows the structure of clock run-in detect register 2.

The contents of bits 2 to 0 of clock run-in detect register 2 and bit

1 of clock run-in register 2 are written at a falling of the horizontal

synchronizing signal. For this reason, even if an instruction for

setting is executed, the contents of the register cannot be rewritten
" until a falling of the horizontal synchronizing signal.

7 0 o _
[To[o[*[*T1] [] cRe addess coe7 e

Fix this bit to “1”

— Start bit detecting method
selection bit
0 : Method 1
1: Method 2

Fix these bits to “1001112”

4 X setvalue of the start bit position
register X reference clock period <

The time is set in bits 0 to 6 of the start bit position register (address
00E116) {refer to Figure 26). Set a value fit for the following
conditions. .
Figure 26 shows the structure of the start bit position register.

Time from the falling of the horizéntal
| synchronizing signat to occurrence of
the start bit

7 0
[TITTTIT] s

Start bit generating time
Time from a falling of the
horizontal synchronizing signal
to occurrence of a start bit = 4
X set value (“0018” to “7F16") X
reference clock period

DSCH1 bit 7 control bit

0 : Generation of 16 pulses

1 : Generation of 16 pulses and
detection of clock run-in

Fig. 26. Structure of start bit position register

Fig. 25. Structure of clock run-in register 2

BN 5249828 0025834 587 WN

_ 0
Clock run-in detect register 2
I I I I l l | I | {CRD2 : address 00E%1s)

Clock run-in pulses for sampling
b2 b1 b0

0 : Not available

1: 1stpuise
0 : 2nd pulse
1:3rd pulse
0 : 4th pulse
1

0

1

: 5th pulse
: 6th pulse
: 7th pulse

N - X- 1)

Data clock generating time
Time from detection of a start bit
to occurrence of a data clock

= (13 + set value) X reference
clock period

Fig. 27. Structure of clock run-in detect register 2
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(8) Clock run-in determination circuit

This circuit sets a window in the clock run-in portion in the composite
video signal, and then determinates clock run-in by counting the
number of pulses in this window. Set the time from a falling of the
horizontal synchronizing signal to a start of the window by bits 0 to 5
of the window register (address 00E21s; refer to Figure 28). The
window ends according to the contents of the setting of the start bit
position register (refer to Figure 26).

The count value of pulses in the window is stored in clock run-in
register 1 (address O0E61s; refer to Figure 29). When this count value
is 4 10 6, it is determined as a clock run-in. Accordingly, set the count
value so that the window may start after the first pulse of the clock
run-in (refer to Figure 30). }

The contents to be set in the window register are written at a falling
of the horizontal synchronizing signal. For this reason, even if an
instruction for setting is executed, the contents of the register cannot
be rewritten until a falling of the horizontal synchronizing signal.
Reference clock is counted in the period from a falling of the clock
pulse set in bits 0 to 2 of the clock run-in detect register 2 (address
00ED16) to the next falling. The count value is stored in bits 3 to 7 of
the clock run-in detect register 1 (address 00E816) (When the count
value excesds “1F1s,” “1F16” is held). Read out these bits after the
occurence of a data slicer interrupt (refer to (11) Interrupt Request
Generating Circuit). -

Figure 31 shows the structure of clock run-in detect register 1.

(9) Data clock generating circuit

This circuit generates a data clock phase-synchronized with the start
bit detected in the start bit detecting circuit.

Set the time from detection of the start bit to occurrence of the data
clock in bits 3 to 7 of the clock run-in detect register 2 (address
00E16). The time to be set is represented by the following expression:

Time = (13 + set value) X reference clock period (at XiN = 8 MHz)

For a data clock, 16 pulses are generated. When just 16 pulses have
been generated, bit 7 of the data slicer control register is set to “1”
(refer to Figure 19). When method 1 is already selected as a start bit
detecting method, this bit becomes a logical product (AND) value
with a clock run-in determination result by setting bit 7 of the start bit
position register to “1.”

When method 2 is already selected as a start bit detecting method
and 16 pulses are generated of a data clock regardless of bit 7 of the
start bit position register, this bit is set to “1.” The contents of this bit
are reset at a falling of the vertical synchronizing signal (Vsep).

Window register
{WN : address 00E216)

PRI TTIIL.
[TITIT

Window start time

Time from a falling of the
horizontal synchronizing signal

to a start of the window = 4 X set
value (“0016” to “3F16") X reference
clock period

Fix these bits to “0"

Fig. 28. Structure of window register

Clock run-in register 1
{CR1 : address 00E616)

BEDDRERN

Clock run-in count value

Fix these bits to “01012”

Fig. 29. Structure of clock run-in register 1

Horizontal
synchronizing—‘LI Start bit data + u

signal Clock run-in 16-bit data
Composite
video signal 1 I |
Window —
‘Time t’o be setin the| *When the count value
window register in the window is 4 t0 6,
this is determined as a

~ Time to be setin clock run-in.
the start bit position

register

Fig. 30. Window setting

Clock run-in detect register 1
( CRD1 : address 00E81s)

[ITIIIIT

Test bits : read-only

Number of reference clocks to
be counted in one clock run-in
pulse period .

Fig. 31. Structure of clock run-in detect register 1
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{10) 16-bit Shift Register

The caption data converted into a digital value by the comparator is
stored into the16-bit shift register in synchronization with the data
clock. The contents of the high-order 8 bits of the stored caption data
and the contents of the low-order 8 bits of the same data can be
obtained by reading out the data register 2 (address 00E516) and
data register 1 (address 00E41s), respectively. These registers are
reset to “0” at a falling of Vsep. Read out data registers 1 and 2 after
the occurence of a data slicer interrupt (refer to (1 1)'Interrupt Request
Generating Circuit).

(11) Interrupt Request Generating Circuit

A data slicer interrupt request occurs concurrently with an end of the
line specified in the caption position register {address 00E01¢), a falling
of the composite sync signal. Read out the contents of data registers
1 and 2 and the contents of bits 3 to 7 of the clock run-in detect
register 1 after the occurence of a data slicer interrupt request.

(12) Synchronizing Signal Counter

The synchronizing signal counter counts the composite sync signal

taken out from a video signal in the data slicer circuit or the vertical

synchronizing signal Vsep as a count source.

The count value in a certain time (T time) generated by f(Xin)/2" or
f(XIN)/2%" is stored into the 5-bit latch. Accordingly, the latch value
changes in the cycle of T time. When the count value exceeds “1F1s,”
“1F16” is stored into the latch. ’

The latch value can be obtained by reading out the sync pulse counter
register (address O0EA1s). A count source is selected by bit 5 of the
sync pulse counter register. The count time (T time) varies depending
on the selected count source.

When the Hsync sngnal has been selected as a reference clock source
in the status which bit 1 of the data slicer control register 2 (address -
00DF16) is set to “1,” the synchronizing signal counter cannot be used.
Figure 32 shows the structure of the sync pulse counter and Figure
33 shows the synchronizing signal counter block diagram.

. Sync pulse counter register
(SYC : address 00EA16)

[ITTTTIT

Count value
Count source Count time
0: Vsep f (Xinp221
signal (At 262, 15 ms, f(XIN) = 8 MHz)

1: Composite | f(Xin)/213 '
sync signal | (At 1024 ps, f(XIN) = 8 MHz)

Fig. 32. Sync pulse counter register

f(Xin)/213

O

f(XIN)/221 O'—_»i{

Compgsite O )

sync signal

Vsep signal O—-——)’

>t

Selection gate : connected to black
colored side when
reset.

Reset
=l| 5-bit counter I Counter
| b5 | Latch (5 bits) Sync puise

counter register

. Data bus

Fig. 33. Synchronizing signal counter block diagram
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MULTI-MASTER I2C-BUS INTERFACE

The multi-master I2C-BUS interface Is a circuit for serial communica-
tions conformed with the Philips 12C-BUS data transfer format. This
interface, having an arbitration lost detection function and a synchro-
nous function, is useful for serial communications of the multi-mas-

ter.

Figure 34 shows a block diagram of the multi-master 12C-BUS inter-
face and Table 3 shows multi-master 12C-BUS interface functions.
This multi-master 12C-BUS interface consists of the I2C address reg-
istar, the 12C data shift register, the I2C clock control register, the 12C
control register, the 12C status register and other control circuits.

Table 3. Multi-master 12C-BUS interface functions

Item Function
In conformity with Philips 12C-BUS
standard:
10-bit addressing format
Format

7-bit addressing format
High-speed clock mode
Standard clock mode

Communication mode

In conformity with Philips 12C-BUS
standard:

Master transmission

Master reception

Slave transmission

Slave reception

SCL clock frequency

"16.1 kHz to 400 kHz (at ¢ =4 MHz)

¢ : System clock = f(Xin)/2

-Note: We are not responsible for any third party’s infringement of
patent rights or other rights attributable to the use of the con-
trol function (bits 6 and 7 of the I2C contro! register at address
00F916) for connections between the 12C-BUS interface and
ports (SCL1, SCL2, SDA1, SDA2).

Serial
data
(SDA)

Serial

clock
(SCL)

b7 I2C address register g
DqshDSISADllSAD%SAD%SAD*SADOIFIBW| Interrupt Interrupt
generating | request signal
SODl l l ﬁ H l l l circuit (ICIRQ)
lAddre'ss oolmpar:ator b
Noise Data
eliminationt—»| control b7 e 0 _
circuit circuit <—| I 1C data shift register I l
S e—— b7 v bo
~ AL [ AASIADO|LRB
MST|TRX| BB | PIN
AL S1 T 1°C status
circuit register
R ntemal data bus
BB
circuit
Noise Clock B
elimination—{ control b7 b0 b0
circuit circuit <—| ACKlABﬁ(l':agTEICCM ccnslccnz]ccmlccnol Insaulssewl‘gfgl ALS' Esol BCzI Bc1|BCOI

L

S2
12C clock control register
Clock division System clock {¢)

S1D [2C clock control ragister]

Fig. 34. Block diagram of multi-master 12C-BUS interface
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0] I2C Data Shift Register
The I2C data shift register (SO : address 00F616) is an 8-bit shift

register fo store receive data and write transmit data.

When transmit data is written into this register, it is transferred to the
outside from bit 7 in synchronization with the SCL clock, and each
time one-bit data is output, the data of this register are shifted one bit
to the left. When data is received, it is input to this register from bit 0
in synchronization-with the SCL clock, and each time one-bit data is
input, the data of this register are shifted one bit to the left.

The 12C data shift register is in a writa enable status only when the _

ES0 bit of the I2C control register (address 00F916) is “1.” The bit
counter is reset by a write instruction to the 12C data shift register.
When both the ESO bit and the MST bit-of the 12C status register
(address 00F816) are “1,” the SCL is output by a write instruction to
the I2C data shift register, Reading data from the |2C data shift regis-
ter is always enabled regardiess of the ESO bit value.

Note: To write data into the I2C data shift register after setting the
~ MST bit to “0” (slave mode), keep an interval of 8 machine
. cycles or more.

(2) I2C Address Register

The BC address reglster (address 00F716) consists of a 7-bit slave
address and a read/write bit. In the addressing mode, the slave ad-
dress written in this register is compared with the address data to be
received immediately after the START condition are detected.

W Bit 0: Read/write bit (RBW)

Not used in the 7-bit addressing mode. In the 10-bit addressing mode,
the first address data to be received is compared with the contents
(SADS6 to SADO + RBW) of the I2C address register.

The RBW bit is cleared to “0” automaticaily when the stop condition
is detected.

M Bits 1 to 7: Slave address (SAD0-SAD6)

These bits store slave addresses. Regardless of the 7-bit address-
ing mode and the 10-bit addressing mode, the address data trans-
mitted from the master is compared with the contents of these bits.

M L249828 0025838 125 1M

. 0
-12 C address register
IS“DGISAnsl SAD‘IS“D'“{S"D?I s“"l S“D"I REW (S0D: address 00F71s)

Read/write bit

Slave address

Fig. 35. Structure of I2C address register

(3) I2C Clock Control Register
The I2C clock control register (address 00FA1s) is used to set ACK

control, SCL mode and SCL frequency.

M Bits 0 to 4: SCL frequency control bits (CCRO—~CCR4)

These bits control the SCL frequency. Refer to Table 4.

‘W Bit 5: SCL mode specification bit (FAST MODE)

This bit specifies the SCL mode. When this bit is set to “0,” the stan-
dard clock mode is set. When the bit is set to “1,” the high-speed
clock mode is set.

B Bit 6: ACK bit (ACK BIT)

. This bit sets the SDA status when an ACK clock* is generated. When
this bit is set to “0,” the ACK returmn mode is set and make SDA “L” at
the occurrence of an ACK clock. When the bit is set to “1,” the ACK
non-return mode is set. The SDA is held in the “H” status at the oc-

. currence of an ACK clock.
However, when the slave address matches the address data in the
reception of address data at ACK BIT = “0,” the SDA is automatically
made “L” (ACK is returned). If there is a mismatch between the slave
address and the address data, the SDA is automatically made
“H*(ACK is not returned).

*ACK clock: Clock for acknowledgement

B Bit 7: ACK clock bit (ACK)

_This bit specifies a mode of acknowledgrhent which is an acknowl-
edgment response of data transmission. When this bit is set to “0,”
the ho ACK clock mode is set. In this case, no ACK clock occurs

- after data transmission. When the bit is set to “1,” the ACK clock
mode is set and the master generates an ACK clock upon comple- -
tion of each 1-byte data transmission.The device for transmitting
address data and control data releases the SDA at the occurrence of
an ACK clock (make SDA “H") and receives the ACK bit generated
by the data receiving device.

Note: Do not write data into the 12C clock control register during
transmitting. If data is written during transmitting, the I12C clock
generator is reset, so that data cannot be transmitted nor—
mally. :

KRy
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7 0
ACK | FAST
I ACK I BT |MODE

12C clock control register

ceh ccnal ccnzl ocmlccno (S2 : address 00FA16)

SCL frequency
control bits
Refer to Table 4.

SCL mode
specification bit
0 : Standard clock
mode
1: High-speed clock
mode

ACK bit
0: ACK is returned.
1 : ACK is not returned.

ACK clock bit |
0: No ACK clock
1 : ACK clock

Fig. 36. Structure of I2C clock control register

Table 4. Set values of 12C clock control register and SCL frequency

Setting value of SCL frequency
CCR4-CCRO (at ¢ = 4MHz, unit : kHz)
coR4 | CCRa | coRe| ccRt|cono|  Standardclock | High-speed clock
0 00 0 0 | Setting disabled | Setting disabled
o|lO0f[O0] O 1 | Setting disabled | Setting disabled
0 0] 0] 1] o] Setingdisabled | Setting disabled
00| O 1 1 | Setting disabled 333
0 0 1 0 0 | Setting disabled 250
o|lof1|o}1 100 - 400(Note)
0 o] 1 1 0 83.3 166
500/CCR value | 1000/CCR value
1 1 1 0 1 17.2 345
1 1 1 1 0 16.6 33.3
1 1 1 1 1 16.1 32.3

Note: At 400 kHz in the high-speed clock mode, the duty is 40%.
In the other cases, the duty is 50%.

B 5249828 0025639 0Ll WM
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(4) IC Control Register

The I2C control register (address 00F916) controls data communica-

tion format.

M Bits 0 to 2: Bit counter (BCO-BC2)

These bits decide the number of bits for the next 1-byte data to be

transmitted. An interrupt request signal occurs immediately after the

number of bits specified with these bits are transmitted.

When a START condition is received, these bits become “0002” and

the address data is always transmitted and received in 8 bits.

M Bit 3: 12C interface use enable bit (ES0)

This bit enables to use the muitimaster 12C BUS interface. When this

bit is set to “0,” the use disable status is provided, so the SDA and

the SCL become high-impedance. When the bit is set to “1,” use of

the interface is enabled.

When ESO = “0,” the following is performed.

®PIN =“1,” BB = “0” and AL = “0" are set (they are bits of the i2C
status register at address 00F816 ).

®Writing data to the I2C data shift register (address 00F616) is dis-

" abled.

B Bit 4: Data format selection bit (ALS)

This bit decides whether or not to recognize slave addresses. When

this bit is set to “0,” the addressing format is selected, so that ad-

dress data is recognized. When a match is found between a slave

address and address data as a result of comparison or when a gen-

eral call (refer to “(5) I°C Status Register,” bit 1) is received, trans-

mission processing can be performed. When this bit is set to “1,” the

free data format is selected, so that slave addresses are not recog-

nized.

M Bit 5: Addressing format selection bit (10BIT SAD)

This bit selects a slave address specification format. When this bit is

set to “0,” the 7-bit addressing format is selected. In this case, only

the high-order 7 bits (slave address) of the I12C address register (ad-

dress 00F716) are compared with address data. When this bit is set

to “1,” the 10-bit addressing format is selected; all the bits of the I2C

address register are compared with address data.

B Bits 6 and 7: Connection control bits between 12C-BUS interface

and ports (BSELO, BSEL1)
These bits controls the connection between SCL and ports or SDA
and ports (refer to Figure 37).
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“r 7 ) 0 )
( A “1” BSELO : 10817 12C control register
O/C O SCLI/P1 lassulassw sap | ALS | ESO] BC2] BC1| BCO (o4 - address 00F91e)
g
st 56 " BSEL Bit counter (Number of
" o O
Multi-master ) “r SCL2/P12 transmit/receive bits)
12C-BUS 1" BSELO - b2 b1 bo
interface oo O SDA1/P1s 59 9:8
|| “0 0 1 .
SDA 5" BSEL o1 98
- AO O SDA2/P14 1 0 0:4
’ 10 1:3
o 11 0:2
Note : When using mutti-master 12C-BUS interface, 11 1:1
set bits 3 and 4 of the serial /O mode reglster .
(address 00EB1s) to “1.” ————— 12C-BUS interface use
: enable bit .
Fig. 37. Connection port control by BSELO and BSEL1 | 9 Disabled

Data format selection bit
0 : Addressing format

(5) I2C Status Register 1 Free data format
The 12C status register (address 00F816) controls the IZC-BUS inter- .
face status. The low-order 4 bits are read-only bits and the high- Addre§sing format
order 4 bits can be read out and written to. selection bit )

0 : 7-bit addressing
B Bit 0: Last receive bit (LRB) format
This bit stores the last bit value of received data and can also be 1 : 10-bit addressing
used for ACK receive confirmation. If ACK is retumed when an ACK . format

clock occurs, the LRB bit is set to “0.” If ACK is not retumned, this bit
is setto “1.” Except in the ACK mode, the last bit value of received

Connection control bits
between [2C-BUS

data is input. The state of this bitis changed from “1” fo “0” by execut- interface and ports
ing a write instruction to the I2C data shift register (address 00F616). b7 b6 Connection port
B Bit 1: General call detectlng flag (ADO) . 0 0 : None

This bitis set to “1” when a general call* whose address data is all “0” . 0 1 : SCL1, SDA1
is received in the slave mode. By a general call of the master device, : ? ggﬁ, ggﬁ
every slave device receives control data after the general call. The ] SCL2, SDA2
ADO bit is set to “0” by detecting the STOP condition or START con-

dition.

Fig. 38. Structure of [2C control register

*General call: The maéter transmits the general call address “0016”
to all slaves.

B Bit 2: Slave address comparison flag (AAS)
This flag indicates a comparison result of address data.
®In the slave receive mode, when the 7-bit addressing format is
selected, this bit is set to “'1” in one of the following conditions.
oThe address data immediately after occurrence of a START
condition agrees with the slave address stored in the high-order
7 bits of the 12C address register (address 00F716).
®A general call is received.
@In the slave reception mode, when the 10-bit addressing format is
selected, this bit is set to “1” with the following condition.
eWhen the address data is compared with the 12C address
register (8 bits consisted of slave address and RBW), the first
bytes agree. ) )
@ The state of this bitis changed from “1” to “0” by executing a write
instruction to the I2C data shift register (address 00F61s).

I L2u9828 0025840 483 W
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M Bit 3: Arbitration lost* detecting flag (AL)

In the master transmission mode, when the SDA is made “L” by any
other device, arbitration is judged to have been lost, so that this bit is
set to “1.” At the same time, the TRX bit is set to “0,” so that immedi-
" ately after transmission of the byte whose arbitration was lost is com-
pleted, the MST bit is set to “0.” In the case arbitration is lost during
slave address transmission, the TRX bit is set to “0” and the recep-
tion mode is set. Consequently, it becomes possible to receive and
recognize its own slave address transmitted by another master de-
vice.

*Arbitration lost: The status in which communication as a master is
disabled.

W Bit 4: I2C-BUS interface interrupt request bit (PIN)

This bit generates an interrupt request signal. Each time 1-byte data

Is transmitted, the state of the PIN bit changes from “1” to “0.” At the

same time, an interrupt request signal occurs to the CPU. The PIN

bit is set to “0” in synchronization with a falling of the last clock (in-

cluding the ACK clock} of an internal clock and an interrupt request

signal occurs in synchronization with a falling of the PIN bit. When

the PIN bit is “0,” the SCL is kept in the “0” state and clock generation

is disabled. Figure 40 shows an interrupt request signal generating

timing chart.

The PIN bit is set to “1” in one of the following conditions.

®Exacuting a write instruction to the I2C data shift register (address
00F616). '

®When the ESO bitis “0”

® At reset

The conditions in which the PIN bit is set to “0” are shown below:

® Immediately after completion of 1-byte data transmission (includ-
ing when arbitration lost is detected)

¢ immediately after completion of 1-byte data reception

®in the slave reception mode, with ALS = “0” and immediately after
completion of slave address or general call address reception

®in the slave reception mode, with ALS = “1” and immediately after
completion of address data reception

M Bit 5: Bus busy flag (BB)

This bit indicates the status of use of the bus system. When this bitis

setto “0,” this bus system is not busy and a START condition can be

generated. When this bitis set to “1,” this bus system is busy and the

occurrence of a START condition is disabled by the START condi-

fion duplication prevention function (Note).

This flag can be written by software only in the master transmission

mode. In the other modes, this bit is set to “1” by detecting a START

condition and set to “0” by detecting a STOP condition. When the

ESO bit of the I2C control register (address 00F91g) is 0" and at

reset, the BB flag is kept in the “0" state.

@ Bit 6: Communication mode specification bit (transfer direction

specification bit: TRX) -

This bit decides a direction of transfer for data communication. When

this bit is “0,” the reception mode is selected and the data of a trans-

mitting device is received. When the bit is *1,” the transmission mode

is selected and address data and control data are output onto the

SDA in synchronization with the clock generated on the SCL.

When the ALS bit of the I2C control register (address 00F916) is “0”

in the slave reception mode is selected, the TRX bit is set to “1”

(transmit) if the least significant bit (RAW bit) of the address data trans-

mitted by the master is “1.” When the ALS bit is “0” and the RW bit is

“0,” the TRX bit is cleared to “0" (receive).

The TRX bit is cleared to “0" in one of the following conditions.

®When arbitration lost is detected.

®When a STOP condition is detected.

®When occurence of a START condition is disabled by the START
condition duplication preventing function (Note).

® With MST = “0” and when a START condition is detected.

® With MST = “0” and when ACK non-return is detected.

® At reset

M Bit 7: Communication mode specification bit (master/slave speci-

fication bit: MST)

This bit is used for master/stave specification for data communica-

tion. When this bit is “0,” the slave is specified, so that a START

condition and a STOP condition generated by the master are re-

ceived, and data communication is performed in synchronization with

the clock generated by the master. When this bit is “1,” the master is

specified and a START condition and a STOP condition are gener-

ated, and aiso the clocks required for data communication are gen-

erated on the SCL.

The MST bit is cleared to “0” in one of the following conditions.

¢ immediately after completion of 1-byte data transmission when ar-
bitration lost is detected

®When a STOP condition is detected.

®When occurence of a START condition is disabled by the START
condition duplication preventing function (Note).

@ At reset

Note: The START condition duplication prevention function disables
the occurence of a START condition, reset of bit counter and
SCL output when the following condition is satisfied:
» a START condition is set by another master device.
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7

IMSTITRXI BB|PIN| AL IAASIADOILRBI

12C status register
(S1 : address 00F816)

Last receive bit (Note)
0: Last bit=“0"
1: Last bit = “1”

General call detecting flag
(Note)
0 : No general call detected
1: General call detected -

Slave address comparison
flag (Note)
0 : Address disagreement
1: Address agreement

Arbitration lost detectlng flag
(Note)

0 : Not detected

1 : Detected

12C-BUS interface interrupt
request bit
0 : Interrupt request-issued
1 : No interrupt request
issued

Bus busy flag
0 : Bus free
1 : Bus busy

Communication mode
specification. bits
00 : Slave receive rnode
01 : Slave transmit mode
10 : Master receive mode
11 : Master transmit mode

{6) START Condition Generating Method

When the ESO bit of the I2C control register (address 00F916) is “1,”
execute a write instruction to the 12C status register (address 00F816)
for setting the MST, TRX and BB bits to “1.” Then a START condi-
tion occurs. After that, the bit counter becomes “0002” and an SCL
for 1 byte is output. The START condition generating timing and BB
bit set timing are different in the standard clock mode and the high-
speed clock mode. Refer to Figure 41, the START condition generat-
ing timing diagram, and Table 5, the START condition/STOP condi-
tion generating timing table.

12C status register
write signal }
. ]
SCL i 1
oA k- -St‘,?f,.”ep -1 ! Hold time-,
' - Sat jlr_ng-for v
BB flag ; | BBflag—————
«-Setup._. !
i time :

Fig. 41. START condition generating timing diagram

(7) STOP Condltlon Generating Method

When the ESO bit of the 12C control register (address 00F916) is “1,”
execute a write instruction to the I2C status register (address 00F816)
for setting the MST bit and the TRX bit to “1” and the BB bit to “0”.
Then a STOP condition occurs. The STOP condition generating tim-
ing and the BB flag reset timing are different in the standard clock
mode and the high-speed clock mode. Refer to Figure 42, the STOP
condition generating timing diagram, and Table 5, the START condi-
tion/STOP condition generating timing table.

Note: These bit and flags can be read out but cannct
be written.
12C étatus register
Fig. 39. Structure of 12C status register write signal ]
sCL F —_
L SB*UP- -1 ! Hold time- .
SDA ! Rese e for
' BB fla
sCL I I ) BB flag g
PIN :
Fig. 42, STOP condition generating timing diagram
] i Table 5. START condition/STOP condition generating timing table
ICIRQ |—| Item Standard clock mode | High-speed clock mode
Setup time 5.0 us (20 cycles) 2.5 us (10 cycles)
Hold time 5.0 us (20 cycles) 2.5 ps (10 cycles)
Fig. 40. Interrupt request signal generating timing fSot:t/Br;s;at;me 3.0 ps (12 cyclos) 1.5 us (6 cycles)

B L249828 0025842 b5b M

Note: Absolute time at ¢ = 4 MHz. The value in parentheses de-
notes the number of ¢ cycles.
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(8) START/STOP Condition Detecting Condi-
tions
The START/STOP condition detecting conditions are shown in Fig-

ure 43 and Table 6. Only when the 3 conditions of Table 5 are satis-
fied, a START/STOP condition can be detected.

Note: When a STOP condition is detected in the slave mode
(MST = 0), an interrupt request signal “lIICIRQ” occurs to the

CPU.

r----8CL release time --- M

SCL | T
v Setup___f- ‘Hold time- -
(START oonditon) | :
condition . | |
: -- --st,?.,t.,l‘ép---:—'Hold time- -
SDA — f :

(STOP condition)

Fig. 43. START condition/STOP condition detecting timing diagram

Table 6. START condition/STOP condition detecting conditions

Standard clock mode High-speed clock mode
6.5 us (26 cycles} <SCL release [1.0 us (4 cycles) < SCL release
time time

3.25 ps (13 cycles) < Setup time [0.5 us (2 cycles) < Setup time

3.25 ps (13 cycles) < Hold time  [0.5 us (2 cycles) < Hold time

Note: Absolute time at ¢ = 4 MHz. The value in parentheses de-
notes the number of ¢ cycles.

(9) Address Data Communication
There are two address data communication formats, namely, 7-bit

addressing format and 10-bit addressing format. The respective ad-

dress communication formats is described below.

@®7-bit addressing format
To meet the 7-bit addressing format, set the 10BIT SAD bit of the
12C control register (address 00F916) to “0.” The first 7-bit address
data transmitted from the master is compared with the high-order
7-bit slave address stored in the |12C address register (address
00F716). At the time of this comparison, address comparison of
the RBW bit of the I12C address register (address 00F716) is not
made. For the data transmission format when the 7-bit addressing
format is selected, refer to Figure 44, (1) and (2).

@10-bit addressing format
To meet the 10-bit addressing format, set the 10BIT SAD bit of the
12C control register (address 00F916) to “1.” An address compari-
son is made between the first-byte address data transmitted from
the master and the 7-bit slave address stored in the 12C address
register (address 00F716). At the time of this comparison, an ad-
dress comparison between the RBW bit of the 12C address regis-
ter (address 00F716) and the R/W bit which is the last bit of the
address data transmitted from the master is made. In the 10-bit
addressing mode, the R/W bit which is the last bit of the address
data not only specifies the direction of communication for control
data but also is processed as an address data bit.

7 bits “o" . 1to 8 bits 1 to 8 bits
(1) A master-transmitter transmits data to a slave-receiver

A Data

7 bits 1

7 bits “0° . 8bits

7 bits “0” 8 bits

S : START condition P : STOP condition
A : ACK bit R/W : Read/Write bit
Sr: Restart condition

1 to 8 bits 1 to 8 bits
(2) A master-receiver receives data from a slave-transmitter

(3) A master-transmitter transmits data to a slave-receiver with a 10-bit address

(4) A master-receiver receives data from a slave-transmitter with a 10-bit address

1 to 8 bits 1 to 8 bits

7 bits 1 to 8 bits 1 to 8 bits

From master to slave
] From slave to master

Fig. 44. Address data communication format
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When the first-byte address data matches the slave address, the
AAS bit of the I12C status register (address 00F81s) is set to “1.” After
the second-byte address data is stored into the I°C data shift register
(address Q0F616), make an address comparison between the sec-
ond-byte data and the slave address by software. When the address
data of the 2 bytes matches the slave address, set the RBW bit of the
12C address register (address 00F716) to “1” by software. This pro-
cessing can match the 7-bit slave address and R/W data, which are
received after a RESTART condition is detected, with the value of
the I12C address register (address 00F716). For the data transmission
format when the 10-bit addressing format is selected, refer to Figure
44, (3) and (4). ' '

(10) Example of Master Transmission
An example of master transmission in the standard clock mode, at

the SCL frequency of 100 kHz and in the ACK retum mode is shown
below.
@ Set a slave address. in the high-order 7 bits of the 12C address
register (address 00F716) and “0” in the RBW bit.
@ Set the ACK retum mode and SCL = 100 kHz by setting “8516” in
the I2C clock control register (address 00FA1s).
@ Set “1016” in the 12C status regnster (address 00F816) and hold
- the SCL at the “H” level.
@ Set a communication enable status by setting “4816” in the 12c
_control register (address 00F91s).
® Set the address data of the destination of transmission in the high-
order 7 bits of the 12C data shift register (address 00F616) and set
“0” in the least significant bit.
® Set“F016” in the I2C status register (address 00F816) to generate
" a START condition. At this time, an SCL for 1 byte and an ACK
clock automatically occurs.
@ Set transmit data in the 12C data shift register (address 00F616).
At this time, an'SCL and an ACK clock automatically occurs.
® When transmitting control data of more than 1 byte, repeat step
@. '
@ Set“DO16” in the 12C status register (address 00F816). After this,
if ACK is not returned or transmission ends, a STOP condition
occurs.

(11) Example of Slave Reception
An example of slave reception in the high-speed clock mode, at the

SCL frequency of 400 kHz, in the ACK non-return mode and using

the addressing format is shown below.

@ Set a slave address in the high-order 7 bits of the 12C address
register (address 00F716) and “0” in the RBW bit.

@ Set the no ACK clock mode and SCL = 400 kHz by setting “2516"
in the I2C clock control register (address 00FA16).

@ Set “1016” in the I2C status register (address 00F816) and hold
the SCL at the “H” level.

@ Set a communication enable status by setting “4816” in the [2C
control register (address 00F916).

® When a START condition is received, an address comparison is
made. :

B L2498628 0025844 429 W

® »When all transmitted addresses are “0” (general call)
ADO of the |12C status register (address 00F816) is set to “1” and
an interrupt request signal .occurs.
sWhen the transmitted addresses match the address set in @
ASS of the I12C status register (address 00F816) is setto “1”and '
an interrupt request signal occurs.
«in the cases other than the above
- ADO and AAS of the I12C status register (address 00F816) are
set to “0” and no interrupt request signal occurs.
@ Set dummy data in the 12C.data shift register (address 00F61s).
When receiving control data of more than 1 byte, repeat step @.
® When a STOP condition is detected, the communication ends.
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CRT DISPLAY FUNCTIONS

(1) Outline of CRT Display Functioris
Table 7 outlines the CRT display functions of the M37267M8-XXXSP.

The M37267M6-XXXSP incorporates a CRT display control circuit of
34 characters X 4 lines. CRT display is controlled by the CRT con-
trol register. Up to 192 kinds of characters can be displayed. The
colors can be specified for each character. A combination of up to 7
colors can be obtained by using each output signal (R, G, and B).
The character area for one character is 8 X 13 dots. However, as a
2-dot blank and an 1-dot underline area are provided in the vertical
direction, the display character consist of 8 X 10 dots. When 1 dot is
used as a space with an adjacent character in the horizontal direc-
tion, the display character has a structure of 7 X 10 dots. There is
also a rounding function of 6 X 9 dots shifted by 1/2 inside the said
structure of 7 X 10 dots, so this function permits display of a smooth
character pattem (refer to Figure 45).
The following shows the procedure how to display characters on the
CRT screen.
@ Specily the display mode by using the display mode register.
@ Write the display character code and attribute code to the RAM
for display.
@ Specify the vertical position by using the vertical position register.
@ Specify the character size by using the character size register.
® Specify the horizontal position by using the horizontal position
register. ,
® Wite the display enable bit to the designated block display flag of
the CRT control register. When this is done, the CRT display starts
according to the input of the VsYNC signal.
The CRT display circuit has an extended display mode. This mode
- allows multiple lines (4 lines or more) to be displayed on the screen
by interrupting the display each time one line is displayed and rewrit-
ing data in the block for which display is terminated by software.
The M37267M8-XXXSP includes the mixing circuit that can be out-
put the signal mixed extemal color signals with intemal color signals,
so that the CRT display can be controlled by the 2-chip constructed
system.
The display in the area subsequent to an arbitrary scanning line can
be concealed by masking the display screen area. Using this func-
tion and decrementing the vertical position register in each vertical
synchronization period by software can smoothly roll-up (Smooth Roli-
up) the display screen.
Figure 46 shows the block diagram of the CRT display control circuit.
Figure 47 shows the structure of the CRT display control register.
Figure 48 shows the structure of the display mode register.

I b249828 0025845 3L5 W

Table 7. Outline of CRT display functions

Parameter Functions
Number of display 34 characters X 4 lines
characters {maximum 16 fines)
CCD mode : 8 X 13 dots
Dot structure OSD mode : 8 X 10 dots
(Character : 8 X 10 dots in bath modes)
Kinds of characters 256 kinds
Kinds of character sizes 5 kinds

Color Kinds of colors | maximum 7 kinds
Coloring unit | A character
Display expansion Possible (multiline display)
Attribute Italic, underline, flash
Text display 15 lines
Raster coloring Possible (maximum 7 kinds)
Smooth Roll-up Possible
Possible (a screen unit, maximum
g‘lg;i‘ge' background 7 kinds) S(wit.ching to character
. color is possible
Mixing Mixing of external and intemal R,

G, B, OUT1 signal is possible

% ~Blark area*®

S fa N
§§§§§§§§ '—Ur?derline area®
%%%%%%%% ~Blank area¥

%: Displayed only in CCD mode.

Fig. 45. CRT display character configuration

ol
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Data bus

Main clock ) Clock for display
Data slicer ~0sc1 08C2  Hsync Vsync

clock (f (f Q (@]
Addresse_s 00Dg16, Q0DA16 Display oscillation

Display clock : - circuit
selection registers

Address 00CF1s)

Display mode register

(Address 00CE16)
CRT control register

(Addresses 00D216 to 00D616

Field identification
circuit .

Y Y

=
-

Vertical position
registers - 3o

(Addresses 00D716, 00D816 . : Display. position
control circuit

" Character size registers

(Address 00D116)

Horizontal position register

(Address 00D01s)

- Priority display register
] Display control
T circuit

RAM for display ROM for dis,
A for play
16 bits X 34 X 4 >| (@ bitsx 10 +
A : 6 bits X 9)
(Address 00DBi16) o xae

Background color register . +

(Addresses 00DC1e, 00DD16) - .
Shift register i i
Mask mode registers 8 bi?s Shli:!S rbei?slster

(Address 021018) .

\A

Output circuit
G B OUT1 - OUT2

our control register —’

(Address 021216)
CRT output pplérity register
(Address 021116) \ ' oy
CRT input polarity register - [<— MXR
(Address 021316) ' Mixing circuit bl m;((g
Mixing control register > R G B QUT1 OQUT2 j=— MXOUT

R

Al
o

Fig. 46. Block diagram of CRT display control circuit
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CRT control register
(CC : address 00CE16)

I— All-blocks display control bit (Note 1)
0 : All-blocks display off
1: All-blocks display on

~—— Block 1 display controt bit
0 : Block 1 display off
1: Block 1 display on

Block 2 display controt bit
0 : Block 2 display off
1 : Block 2 display on

Block 3 display control bit
0 : Block 3 display off
1 : Block 3 display on

Block 4 display control bit
0 : Block 4 display off
1 : Block 4 display on

;—— Display oscillation stop flag

0 : Oscillation stopped
1 : Oscillation enabled

Mask mode 2 control bit (Note 2)
0 : Mask mode off
1: Mask mode on
P1o/OUT2 pin switch bit
0:Pio
1:0UT2

Notes 1 : Display is controlled by logical product (AND} between the
all-blocks display controf bit and each block display control bit.
2 : Refer to (12) Mask Function for mask mode 2.

Fig. 47. Structure of CRT control register

- I L2496286 0025847 1386 M

Display mode register
(DM : address 00CE16)

Block 1 display mode
specification bit (Note 1)
0 : CCD mode
1: 0SD mode

—Block 2 display mode
specification bit (Note 1)
0: CCD mode
1: 0SC mode

—Block 3 display mode
specification bit (Note 1)
0: CCD mode
1: 0SD mode

Block 4 display mode
specification bit (Note 1)
0: CCD mode
1: 0OSD mode

Display font specification bit
0:“LJ” atin-phase,
{4 * at out-of-phase
1:“[4” atin-phase,
‘] " at out-of-phase
(Refer to Figure 55)

Phase difference
determination flag (Note 2)
0: Inphase
1 : OQut-of-phase

Automatic solid space
control bit

0:O0FF

1:0N

Automatic solid space
recognition code

0: 0916

1:39%6

Notes 1: Even if the display mode is switched during
display, the display screen remains unchanged
until a rising (falling) of the next Vsync.

2: This flag is a read-only. The value to be read from
the register is fixed regardless of bit 4.

Fig. 48. Structure of display mode register
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(2) Display Position

The display positions of characters are specified. in units called a
“block.” There are 4 blocks, blocks 1 to 4. Up to 34 characters can be
displayed in each block (refer to (6) Memory for Display).

The display position of each block can be set in both horizontal and
vertical diractions by software.

The display position inthe horizontal direction can be selected for all
blocks in common from 128-step display positions in units of 4Tc
(Tc = oscillating cycle for display).

The display position in the vertical direction for each block can be
selected from 512-step display positions in units of single scanning
line.

Blocks are displayed in conformance with the following rules:

@ When the display position is overlapped with another block
{Figure 49, (b)), a lower block number (1 to 4) is displayed on the
front.

@ When another block display position appears while one block is
displayed, the block with a larger set value as the vertical display
start position is displayed. '

® In the case of a block (block 1 or 2) for which “priority display” is
already set by the priority display control register, this block is
displayed with top priority regardless of @ and @ above (Figure
49, (d)).

@ In the case both blocks are of “priority display”, they are displayed
in conformance with rule of @. For the priority display function,
refer to (13) Priority Function. )

(HR)

Bit 0 of CV5, and CVi----- bt

Bit 2 of CV5, and CV3

» Block 1
Bit 1 of CV5, and CV2 -----..) Y__|--
| Block 2
Bit2 of CV5, and CV3 --------¥__
: [ Block 3
(a) Example when each block is separated
(HR) '
i
Bit0 of V5, and Cv1 ----Y-- Y-
Block 1

(Block 3 is not displayed)

{b) Exampie when block 3 overlaps with block 1

(HR)

Bit 0 of CV5, and CV1

Bit 2 of CV5, and CV3------ Y.

(c) Example when biock 3 overlaps in process of black 1 (block 1 is set to “no priority display”)

(HR)

Bit 0 of CV5, and CV1----- S PN
‘Bit2of CV5, and CV3 -~~~ Y

(d) Example when block 3 overlaps in process of block 1 (block 1 is set to “priority display”)

Note : CVX (X : 1 to 5) indicates the contents of vertical position registers.

Fig. 49. Display position

B 249428 0025848 074 IR
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The display position in the vertical direction is determined by count-
ing the horizontal sync signal (HsYNC). At this time, it starts to count
the rising edge (falling edge) of HsyNc signal from after about 1 ma-
chine cycle of rising edge (falling edge) of VsynG signal. So interval
from rising edge (falling edge) of VsYNC signal to rising edge (falling
edge) of HsYNC signal needs enough time (2 machine cycles or more)
for avoiding jitter. The polarity of HsYNC and VSYNG signals can se-
lect with the CRT input polarity register (address 02111s). For de-
tails, refer to (12) CRT Output Pin Control.

Note: When bits 0 and 1 of the CRT input polarity register (address
021116) are set to “1” (negative polarity), the vertical position
is determined by counting falling edge of HSYNC signali after
rising edge of VSYNC control signal in the microcomputer (re-
fer to Figure 50).

VSyNC signal input l | 0.25 to 0.50 [us] | |

( at f(XIN) = 8MHz)

VsyNc control
signal in _Ij l |
microcomputer
t ]
Period of counting , »
Hsync signal : \
(Note) !
Hsyne
signal input
(RN
1 2 3 4 5
Not count

When bits 0 and 1 of the CRT input polarity register
(address 02111¢) are set to “1” (negative polarity)

Note: Do not generate falling edge of HsyNc signal near rising
edge of VsyNC control signal in microcomputer to avoid
jitter.

Fig. 50. Supplement explanation for display position

The vertical position for each block can be set in 512 steps (where
each step is one scanning line) as values “0116” to “7F16” in vertical
position registers 1 to 4 (addresses 00D216 to 00D516) and vaiues
“016” to “F16” in bits 0 to 3 of the vertical position register 5 (address
00D616}). The structure of the vertical position register is shown in
Figure 51.

M 6249828 DO25849 TOO M

7 0

I l | I | | | ]_| Vertical position registers 1, 2, 3, 4
(CV1 : address 00D216)

(CV2 : address 00D316)

(CV3 : address 00D416)

(CV4 : address 00D516)

Low-order 8 bits of vertical
display start positions (Note 1)

7 0
Lo T T T T e e voamers s

Setting of high-order 1 bit of block
1 vertical display start positions

Setting of high-order 1 bit of block
2 vertical display start positions

Setting of high-order 1 bit of block
3 vertical display start positions

Setting of high-order 1 bit of block
4 vertical display start positions

Setting of high-order 1 bit of mask
stant positions (Note 2)

Fix this bit to *1.”

Fix this bit to “0.”

Notes 1: Set values except “0016.”
2: Refer to (12) Mask Function.

Fig. 51. Structure of vertical position registers

The horizontal position is common to all blocks, and can be set in
128 steps (where 1 step is 4Tc, Tc being the display oscillation pe-
riod) as values “0016” to “7F16” in bits 0 to 5 of the horizontal position
register (address 00D11s). The structure of the horizontal position
register is shown in Figure 52.

0
’ Horizontal position register
I I I I I | I I | (HR : address OODj 16)

Horizontal display start positions
128 steps from “0016” to “7F16”
(1 step is 4TC)

Fig. 52. Structure of horizontal position register

PN
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(3) Character Size

The size of characters to be displayed can be from 5 sizes for each
block. Use the character size register (addresses 00D716 and 00D816)
to set a character size. The character size of block 1 can be specified
by using bits 2 to 0 of the character size register; the character size
of block 2 can be specified by using bits 6 to 4; the character size of
~ block 3 can be specified by using bits 2 to 0 in the character size
register 2; the character size of block 4 can be specified by using bits
6 to 4. Figure 53 shows the structure of the character size register.

The character size can be selected from 3 sizes: minimum size, me-
dium size and large size. Each character size is determined by the
number of scanning lines in the height (vertical) direction and the
oscillating cycle for display (Tc) in the width (horizontal) direction.
The minimum size consists of [1 scanning line] X [2Tc]; the medium
size consists of [2 scanning lines} X [4Tc]; and the large size con-
sists of [4 scanning lines] X [8Tc]. The medium and large 1/2 times

size in the horizontal direction can be selected by setting bit 2 of
each character size register to “1.” When 1 scanning line is selected
as the vertical size (minimum size), the phase difference determina-
tion display* is performed. Table 8 shows the relation between the
set values in the character size register and the character sizes.

Character size register 1
{CS1 : address 00D716)

tion bits (Note)

Block 1 ch size
b2b1b0
00 0 : Minimum size *
00 1 : Medium size
010:Large size
011
] 00:}Donotsel
1.0 1 : Medium size (1/2 in horizontal)
11 0: Large size (1/2 in horizontal)
111:Donotset

Block 2 ch size
beb5be
0 00 : Minimum size
0 01 : Medium size
010: Large size
011: ’
1 oo:}Donotset
10 1 : Medium size (1/2 in horizontal)
11 0: Large size (1/2 in horizontal)
111:Donot set

lection bits (Note)

[ I I I | l l I ICharac!ersizeregislar2
(CS2 : address 00D816)

Block 3 ch size
b2b1bo -
00 0 : Minimum size
00 1 : Medium size
010: Large size
011:
100: }Donotset
10 1 : Medium size (1/2in h
110: Largesnze(llzmhonzomal)
. 111:Donotset

bits (Note)

Block 4 ch size
. béb5b4
00 0 : Minimum size
Y 001 : Medium size
010: Large size
011:
100:}Donotset
101 : Medium size (1/2in h
110: Large size (1/2 in horizontal}
111: 0o not set

Note : Refer to Table 8 for set values.

bits (Note)

Fig. 3. Structure of character size register

Mini-
mum
Medium Medi-
um

(1/2 in horizontal)

Large Large

<— Horizontal display (1/2 in horizontal)

start position

Fig. 54. Display start position of each character size (horizontal direction)

B L249828 0025850 722 M
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Table 8. Relation between set values in character size register and character sizes

Set values of character size register Character size Width (hqn'zontal) direction Height (vert.ical). direction
CSn2 CSn1 CSno Tc: oscillating cycle for display scanning lines
Minimum (phase difference

0 0 0 deterrnina(t%n display) 2Te 1

0 0 1 Medium 4Tc 2

0 1 0 Large 8TC - ] 4

0 1 1 This is not available

1 0 0 This is not available .

1 0 1 Medium (1/2 in horizontal) 2Tc 2

1 1 0 Large (1/2 in horizontal) 4Tc 4

1 1 1 This is not available

Notes 1: The display start position in the horizontal direction is not affected by the character size. In other words, the horizontal display start
position is common to all blocks even when the character size varies with each block (refer to Figure 54).
2: Even if the value of the character size register is rewritten during display, the display screen remains unchanged until a rising (falling)

of the next Vsync.

(4) Phase difference determination display

The phase difference determination function determines whether a
synchronizing signal of interlacing system is in an in-phase fieid or
an out—of—phése field through differences in their waveform, and
displays a 1-character font in both fields.

In the following, the phase difference determination standard for the
case where both the horizontal sync signal and the vertical sync signal
are negative-polarity inputs will be explained. A phase difference is
determined by detecting the time from a falling edge of the horizontal
sync signal untill a falling edge of the Vsync control signal (refer to
Figure 50.} in the microcomputer and then comparing this time with
the time of the previous field. When the time is longer than the
comparing time, it is regarded as out-of-phase. When the time is
shorter, itis regarded as in-phase. A 1-character font can be displayed
in both fields by displaying 1 dotin the out-of-phase field and displaying
1 dot in the in-phase field.

B L249828 0025851 LL9 WA

The phase difference determination flag changes when a rising edge
of the Vsync control signal in the microcomputer is detected.

The contents of this field can be read out by the phase difference
determination flag (bit 5 of the display mode register at address
00CF16). A display fontis specified by bit 4 of the display mode register
to select a phase with which the split font is to be displayed (refer to
Figure 55).

However, the phase difference determination flag read out from the
CPU is fixed to “0” at in-phase or “1” at out-of-phase, regardless of
the value of the display font specification bit.

KA
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Both Hsync signal and VsyNc signal are negative-polarity input

. Phase difference]
s Display font "
Hsyne U I | Phase ﬂq:;e(rmg::)uon | specification bit Display font

(n-1) field t

(Odd-numbered) .‘——H
VSYNG T
control ] | 0 o
_signal (n) field 1 ] Out-of- 1 (T25T1 ) part
in (Even-numbered) T2 H phase (T2>T1)
microcom- : 1 1 H part
puter | . .

. T 0 O part
(n+1) field : I 34 In-phase
(Odd-numbered) ‘T3 oM< 1 part

Main dot
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When using the phase difference determination flag, be sure to set bit 0 of the PWM mode register1 (address 020A1s) to “0.”

e e

A
e

sasnmanasunnuamn

Blank areafont = “0016")

—

Character configuration area
0 8 X 10 dots

+
6 X 9 dots

-

When the display fond specification bit is “0,”
the “ " font is displayed at in-phase, the “gg "
font is displayed at out-of-phase. Bit 5 of the
display mode register can be read as the phase
difference determination flag: “1” is read at out-
of-phase, “0" is read at in-phase.

)]

w

~

[3,]

[=2]

~

[« -

Under line area (font = 0016 or FF16)

Blank area (font = 0016)

b2
Character ROM font configuration diagram

b5 b4 b3 b1 b0

(negative-polarity input) in the microcomputer.

<«—— Rounding dots

Note: The phase difference determination flag changes at a rising edge of the Vsync control signal

Fig. 55. Relation between phrase difference determination flag and display font
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(5) Clock for Display

As a clock for display to be used for CRT display, it is possible to
select one of the following 3 types.

# Clock output from the data slicer

®Main clock supplied from the XN pin

® Clock from the LC oscillator supplied from the pins OSC1 and OSC2.
This clock for display can be selected for each block by the display
clock selection register (addresses 00D916, 00DA16). A variety of
character sizes can be obtained by combining character sizes with
clocks for display. When selecting the clock from the LC oscillator as
a clock for display, set bits 7 and & of the mixing control register
(address 021316) to “1” and “0,” respectively.

When selecting the main clock, set the oscillation frequency to
8 MHz.

B L249828 0DD25853 431 WA

Display clock selection register 1
(CKS1 : address 00D91e)

[(TITTIIL

Block 1 display clock selection
bits (Note)
b3b2b160
100 0: Data slicer clock
100 1 : Main clock (XIN pin)
0 0% x: LC oscillator

(OSC1, OSC2 pins})

Block 2 display clock selection
bits (Note)
b7 b6 D5 b4
1000 : Data slicer clock
100 1: Main clock (XN pin)
0 0xXx: LC oscillator

(OSC1, OSC2 pins)

(T ks

Block 3 display clock selection
bits (Note)
b3b2b1 b0
1000 Data slicer clock
1 00 1: Main clock (XN pin)
0 0xx:LC oscillator

(OSCt, OSC2 pins)

Block 4 display clock selection
bits (Note)
b756b5b4
100 0: Data slicer clock
100 1 : Main clock (XIN pin)
0 0xx: LC oscillator

(OSC1, OSC2 pins)

Note: Even if the-clock for display is switched during
display, the display screen remains unchanged until
a rising (falling) of the next Vsync.

Fig. 56. Structure of display clock selection register

o M
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(6) Memory for Display

There are 2 types of memory for display : CRT display ROM (ad-
dresses 1000016 to 122FF1s) used to store character dot data
{masked) and CRT display RAM (addresses 0E0016 to OFE116) used
to specify the colors and characters to be displayed. The following

describes each type of display memory.

@ ROM for display (addresses 1000016 to 122FF1s)

The CRT display ROM contains dot pattem data for characters to be
displayed. For characters stored in this ROM to be actually displayed,
it is necessary to specify them by writing the character code inherent
to each character (code determined based on the addresses in the
CRT display ROM) into the CRT display RAM. The character code
tist Is shown in Table 9. .

The CRT display ROM has a capacity of 3648 bytes. Since 19 bytes
are required for 1 character data, the ROM can stores up to 192
kinds of characters.

Within the CRT display ROM area, data for main dot font of each
character that is [vertical 8 dots] X [horizontal 8 dots] is stored at
addresses 1000X16 to 10BFX16 (where X =0, 2, 4, 6, 8, A, C, E),
data for rounding of each character that is [vertical 8 dots] X [hori-
zontal 8 dots] is stored at 1000Y16 to 10BFY1s (where Y =1, 3,5, 7,
9, B, D, F), data for part of each character that is [vertical 2 dots] X
{horizontal 8 dots] is stored at addresses 1200M1s to 122FM16 (where
M=0,2, 4,8, 8, A, C, E), and data for part of each character that is
[vertical 2. dots] X [horizontal 8 dots] is stored at 1200N16 to 122FN1s
(whereN =1, 3,5, 7, 9, B, D, F), as shown in Figure 57.

Character code

:n

(where n = “0016" to “BF16”)

Address in Main dot font Dataindisplay ~ Addressin Rounding dot font  Data in display

display ROM ROM display ROM ROM
1000016+1016Xn16+016 1016 1000016+1016Xn16+ 118 [/ CCie
1000016+1016Xn16+216 2816 1000016+1016Xn16+318 (007 D216
1000016+1016Xn16+416 0016 1000016+1016Xn16+516 [t D21
100001e+1016Xn16+616 4416 1000016+1016XN16+716 V/}"’:ﬂ CO1s
1000016+1016Xn16+816 4416 1000016+1016Xn16+9186 //22 CO16
1000016+1016Xn16+A16 | 4448 1000016+1016Xme+B16 227 FF1e
1000016+ 1016Xn16+C16 0016 1000016+1016Xn16+D1e 2’5; E1l1s
1000016+1016Xn16+E16 0016 1000016+1016Xn16+F16 /__4? Elie
1200016+416Xn16+016 0016 1200016+416Xn16+116 [0 Ete
1200016+416Xn16+216 0016 1200016+416XN16+316 - Prg i drdn it FF1s

?’J : Set“1.”

Fig. 57. Display character stored data

B L249828 0025854 378 W
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Table 8. Character code list (partially abbreviated) . @ RAM for display (addresses 0E0016 to OFE116)
Character data storage address The CRT display RAM is allocated at addresses 0E0016 to OFE 116,
Character Main dots Rounding dots and is divided into a display character code specification part and
code Upper 8 Lower 2 Upper 8 Lower 2 display attribute code part for each block. Table 10 shows the con-
dots dots dots dots tents of the CRT display RAM.
1000016 | 1200016 | 1000116 | 1200116 For example, to display 1 charactér position (the left edge) in block
1000216 | 1200216 | 1000316 | 1200316 1, write the character code in address 0E0016 and write the attribute
1000416 1000516 code to address OF0016. For details on the attribute code, refer to (7)
0016 1000618 1000716 Attribute code. The structure of the CRT display RAM is shown in
1000816 1000916 Figure 58.
1000A16 1000B1s
1000C16 1000D16
1000E16 1000F16

1001018 1200416 | 1001116 1200516
1001216 1200616 1001318 1200716

1001416 1001516
0116 1001616 . 1001716
1001816 ] 1001916
1001A16 1001816
1001C16 1001D16
1001E18 1001F1s

10BF016 | 122FC16 | 10BF116 | 122FD1s
10BF216 | 122FE1s | 10BF316 | 122FF1s

10BF416 10BF516
-10BF616 10BF716
BF1s 10BF816 10BF916
10BFA1s 10BFB1s
10BFC16 10BFD1s
10BFE16 10BFF16

B L249828 0025855 204 WA
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Table 10. Contents of CRT display RAM

Block Display position (from left) " Character code specification Attribute code specification
1st character 0EQ018 0F0016 )
2nd character ' 0E0116 : - OF0118

Block 1 3rd character 0E0216 ' 0F0215
32nd character OE1F1s ‘ OF1F18
33rd character 0E201s OF2016°
34th character OE2116 0F2116

) 0E2216 OF2216
Not used to - to

OE3F16 OF3F1s

1st character 0E4016 OF4016

2nd character OE411s OF4118

3rd character 0E4216 OF421s

Block 2 : : :

- 32nd character ’ OE5F16 OF5F16
33rd character 0E601s ° 0F6016
34th character 0E6118 OF611s

0E6216 ) OF6218
Not used R (o) to
' OE7F1s OF7F16
1st character 0E8016 OF8016
2nd character 0E8116 . OF811s
3rd character 0E8216 0F8216

Block 3 : . : :
32nd character OE9F16 OF9F16
33rd character ) OEAO16 OFAQ1s
34th character 0EA116 OFA118

0EA218 . OFA216
Notused - ) to
0EBF16 - OFBF16
1st character 0ECO16 OFCO16
2nd character 0EC11s OFC11s.
3rd character OEC216 OFC218

Block 4 : : :
32nd character OEDF16 OFDF1s
33rd character 0EEO1s OFEO16
34th character 0EE116 OFE11s

B L249828 0025856 140 EE
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Blocks 1,2, 3, 4

[Character specification)

1stchara;:;er:0E001s I7| I [ | I I lol
34th character : 0E2116

Character code
Specify 192 characters (“0016” to “BF167)

(Block 2 ; addresses OE4016 to 0E6116, block3 ; addresses O0E8016 to 0EA11s, block4 ; addresses OEC016 to 0EE116)

[Attribute code specification]

7 0
st chara::;er : OF0016 | I l I l l l l J
34th character : 0F2116 Attrib od
ttribute code
L R pfn output
G pin output
B pin output

—— OUT1 pin output

L Flashoutput

Underline output

italic output

OUT2 pin output

(Block 2 ; addresses 0F401s to OF6116, block3 ; addresses 0F801s to OFA116, block4 ; addresses OFCQ16 to OFE116)

Fig. 58. Structure of CRT display RAM

— H L249828 0025857 047 M
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(7) Attribute Code

Regarding display colors, three color outputs, R, Gand B, are tumed
on and off by controlling of the low-order 3 bits of the attribute code
to display 8 color types for each character. This attribute code can be
set for each character, so 7 colors can be displayed.

Whether the OUT1 pin outputs or not is switched by bit 3 of the attribute
code. When the OUT1 pin outputs, which of the character output or
character area OUT1-blank output is switched for each block by the
OUT control register (address 02101s) (refer to Figure 59). However,
when the solid space auto-generating function.is turned on, the
character area blank output may be selected regardiess of the above
bit. For the solid space auto-generating function, refer to (9) Automatic
Solid Space Function.

Whether QUT2 pin outputs or not is switched by bit 7 of the attribute
code. When the OUT2 pin outputs, the same waveform as the
character area OUT1 blank output is output.

Bits 4 to 6 of the attribute code control turning on and off flash,
underline and italic respectively. Figure 60 shows an example of italic
and underline display in the case where “A” is displayed with 7 X 9
dots.

ltalic is formed by slanting the font stored in the display ROM to.the
upper right, As shown in Figure 60 (c) and (d), when italic is specified,
the font overlaps in the right-adjacent character area. In the overlapped
area, the display color of the left-hand character has priority. The 1st
character and 34th character of each block cannot be dlsplayed in
itatic.

For flash, the flash period can be changed by bit 6 of the OUT control

+ register. However, in the flashing status, the duty is fixed at 75%.

The on/off of OUT1 and OUT2 flash can be selected by bits 4 and 5,
respectively.

An underline is output at the 12th dot in the vertical direction in the
CCD mode. Underline specified only in the CCD mode.

Flash and italic can be specified in both modes.

Figure 61 shows the structure of the attribute code and Figure 62
shows the structure of the OUT control register.

Bit3 of Bits 0 to 3 of OUT ; )
attribute code | control register Function Output example (between A and A')

' RGB | 1
(1 0 X No OUT1 output | )14 n
L
H

1
@ - 1 0 OUT1 output R, G, B L

' ‘ Charactér output | QUT1 H M
L

OUT1 output R GB [‘ M
(3 1 : 1 Character area » "
‘ OUT1 blank output| OUT1 L

=
/ &\ R G,B
b
OuUT1
A x A A .
> - > < > |- .
) /
/ %
‘ (1) @ (3)

Fig. 58 Switch between character output and character area blank output

BN 249828 0025858 T13 W
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Attribute code - Attribute code
Bit6 Bit5 Bit& Bit5

0 0 0 1

(a) Ordinary (b) Underline

— Attribute code — Attribute code
Bit6 Bit5 Bit 6 Bit5

1 0 1 1

(c) ltalic (d) Ralic, underline

Fig. 60. Example of attribute disptay (in CCD mode)

_ I 5249828 0025859 957 W
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Block1 :

(I

0
| I I Attribute code

: (addresses OFQ016 to OF2116)
Block2
: (addresses OF4016 to OF6116)
Block3
: (addresses OF8016 to OFA116)
Block4
: (addresses OFCO16 to OFE118)

— R pin output
0 : No character output
1 : Character output

G pin output
0 : No character output
1 : Character output

B pin output
0 : No character output
1 : Character output

OUT1 pin output

0 : No output
1 : Output

Flash output

0 : No flash
1: Flash

Underline output

0 : No underline output
1 : Underline output

Itafic output
0 : Ordinary output
1 : Htalic output

OUT2 pin output

0 : No output
1 : Qutput

Fig. 61. Structure of attribute code

B L249828 00253L0 k71 WA
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7 0
Lol [ L1111 0 aeress cerore
OUT1 pin control bit (block 1)

0 : Character output
1 : Blank output

- OUT1 pin control bit (block 2)

0 : Character output
1 : Blank output

OUT1 pin control bit (block 3)

0 : Character output
1 : Blank output

OUT1 pin control bit (block 4)

0 : Character output
1 : Blank output

OUT1 output flash
specification bit
0.:No flash
1: Flash

OUT2 output flash

specification bit
0:Noflash -
1: Flash

Flash period selection bit

0 : About 2 times/s(Vsync/32)
1 : About 1 time/s(Vsync/64)

Fix this bit to “0.”

Fig. 62. Structure of OUT control register

SR
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When italic is specified as the attribute code, the blank output area,
background colored area and flash (on/off) area vary depending on
the display mode. In the OSD mode, if italic is specified for a character,
all switch timing of the blank output, background color and flash for
the character on the riéht side of this character becomes italic display

format.

Table 11. Italic display correspondence table

in the CCD meode, even if italic is specified, all switch timing of the
blank output, background color and flash does not become an italic
display format but may remain in ordinary font. The following table
shows an example of the case where the character “B” is displayed
in blue and the background is displayed in red. Figure 63 shows an
example of combined display of italic font and ordinary font.

CCD mode

OSD mode

8 dots

13 dots

8 dots

10 dots

ouT

control

_ Set bit 3 of attribute code to “1”

Character output

Blank output

Character output

Blank output

OUT1 output area

Video signal and character
color (blus} are not mixed.

Video signal is not displayed
in blank area.

Video signal and character
color (blue) are not mixed.

Video signal is not displayed
in blank area.

Red

3 . ;:;02 . >
o Blue Blue Blue
g - - - 4K - ——, -
2 ‘4{ % ) ¢¢4 a¥ §
o N 0 v v N S -n e’y S LRRT >
g Pofotetel! Joe%e %% BSERY
m .
TV image is displayed on TV image of character TV image is displayed on TV image of character
the character background. background is not displayed. the character background. - background is not displayed.
o
=
S
':% This function is not available. This function is not available.
s
S
TV image of character TV image of character
background is not displayed. background is not displayed.
Character
Blank flash area flashing area
=4
[Z]
K
[T

Notes 1: The portion “B” in which character dots are displayed is not mixed with any TV video signal.
2: The wavy-lined arrows in the Table denote video signals.

.- k249428 00258L1 508 MM

3: For background color and color switching, refer to (10) Character background coloring function.
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Table 11. Italic display corresbondence table (continued)

CCD mode

OSD mode

OUT2 control

Set bit 7 of attribute code to “1”

OUT1 = Character output

OUT1 = Blank output

OQUT1 = Character output

QUT1 = Blank output

QOUT2 output area

TV image is displayed on
the character background.

Flash

Black (OUT2 output area)

-
Blue

-

-—>

Video signal is not displayed
in blank area.

OUT2 output area

TV image is displayed on
the character background.

Black (OUT2 output area)

Video signal is not displayed
in blank area.

Blank flash area Character

flashing area

Notes 1: The portion “B” in which character dots are displayed is not mixed with any TV video signal.
2: The wavy-lined arrows in the Table denots video signals.

" (Display example)

Background color is displayed in red and color switching is performed:

CCD mode

OUT1 blank output

O8D mode

OUT1 blank output -

. (Setin CRT display RAM)

Character color : —»}
Rtalic/ordinary :  —>}

(Set in the background
color register)

Yellow

Background color : red
Color switching : switch

Blus .Cyan

Magenta
\

Green

L1

Magenta
Italic

Cyan

Ordinary

@
- @
@
3

BN bL2u9828 00258k2 iy W
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(8) Multiline Display

The M37267M6-XXXSP can ordinarily display 4 lines on the CRT
screen by displaying 4 blocks at different vertical positions. In addi-
tion, it can display up to 16 lines by using CRT interrupts.

A CRT interrupt request oceurs at the point at which display of each
block has been completed. In other words, when a scanning line
reaches the point of the display position (specified by the vertical
position registers) of a certain block, the character display of that
block starts,"and an interrupt occurs at the point at which the scan-
ning line exceeds the block.

Note: A CRT interrupt does not occur at the end of display when
the block is not displayed. In other words, if a block is set to
off display with the display control bit of the CRT control reg-
ister (address 00CE1s6), a CRT interrupt request does not
occur (refer to Figure 64).

(9) Automatic Solid Space Function

This function generates automatically the solid space (OUT1 blank

output) of the character area in CCD mode.

This function is tumed on and off by bit 6 of the display mode register

(address 00CF16). Whether or not the OUT1 blank is output to the

character area is controlled by the character code. A recognition

character code (“0916” or “3916") for auto-generating can be selected

by bit 7 of the display mode register.

Accordingly, OUT 1 blank is output the following conditions:

* When bit 3 of the attribute code is set to “1” (OUT1 output).

* When the left and right character codes including the character
code to be displayed are not “3916” (“0916”).

When using this function, select “blank output” by the OUT control

register. :

Note: Blank output is disabled on the left side of the 1st character

and on the right side of the 34th character of each block.

L Block 1 (on display) I o “CRT interrupt request”

I Block 2 (on display) “CRT interrupt request”

-

I Block 1' {on display) . “CRT interrupt request”

1.
1.
|

I Block 2' (on display)

On display (CRT interrupt request occurs at the end of block
display) :

. “CRT interrupt request”
> .

Block 1 (on display) l

_|__, “CRT interrupt request”

| Block 2 (on display) | _| ., "CRT interrupt request"

. No “CRT interrupt request”

........................... F-=»

_ No “CRT interrupt request”

____________________________ -

Off display (CRT interrupt request does not occur at the end
of block display)

Fig. 64. Timing of CRT interrupt request

(Display memory)

09

1st 2
character character

When setting' the character code “2016” as the character A, “2116” as the character B.

21109
165L

character

Fig. 65 Display screen example of automatic solid space

— B 249828 00258L3 3480 MW
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(10) Character Background Coloring Function
Character background coloring can be performed for each screen in
the display area of each block. 8-color coloring is possible by setting
bits 2 to 0 of the background color control register (address 00DB1s).

When selecting “black” for a character background color, set bits 2 to'

0 each to “0.”

In addition, a color switching function, which. can switch between a
character background color and a character color for each block, is
available.

This function permits coloring for a character background color for
each character. Whether or not to perform coloring switching can be
controlled by bits 7 to 4 of the background color control register.

7

L1]

Background color control register
(BGC : address 00DB1s)

[TTIL

Character background output
control bit (Red)

0 : No output

1 : Output

— Character background output
control bit (Green)
0 : No output
1 : Output

Character background output
control bit (Blue)

0 : No output

1 : Output

Block 1 coloring switch bit
0 : No switch
1 : Switch

Block 2 coloring switch bit
0 : No switch
1 : Switch

Block 3 coloring switch bit
0 : No switch
1 : Switch

Block 4 coloring switch bit
0 : No switch
1 : 8Switch

Fig. 66. Structure of background color control register

- Blue
[ cyen

KeSA Red

] .
Coloring switch :,:*:::*‘ o "I"""Il
<:::> NG o |

No switch  Switch ROXOROROROA

YT

8250580509
Peleleled

]
4

(The color of character “A” is set to red, “B” to cyan, and character background to blue.)

Fig. 67. Display example of coloring switch function

B L2492 00R58LY4 217 EE
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(11) Mixing Function

Color signals (MXR, MXG, MXB, and MXOUT) input from outside
and color signals (R, G, B, and OUT1) generated internally can be
ORed and output as a mixed signal.

The mixing control register (address 021316) can be used to turn on
and off the mixing of the extemal and intemal color signals, and also
to specify which of the two signals has priority when they overiap.
The MXB and MXOUT pins can also be used as external input pins
for timer 2 and timer 3. ’

Examples of displays generated with an internal color signal for the
letter “I” and an external color signal for the letter “O” are shown in
Figure 69.

7 (4]
L1 T Lol T 11 | oo ciise

Mixing output control bits (Note 1)
" b1 b0

0 0:Nointernal or external
color signal output

: Internal color signal output

: External color signal output

: Mixed internal and external
color signal output

-—-_
- -

Qverlapped part control bits (Note 2)

b4 b3

0 0: No priority given to internal
and extemnal color signals
of overlapped part

0 1: External color signal of
overlapped part has priority

1 0:Intemal color signal of
overlapped part has priority

1 1:Nointemal or external
color signal output for
overlapped part

Fix this-bit to “0.”

OSC oscillation circuit selection bits
b7 b6

0 0:32kHz oscillation

1 0:LC oscillation

0 1:
1 o:} Not available

Notes 1 : OUT2 pin output is output regardless of set value.
2 : This bit is ineffective for QUT2 pin output.

Fig. 68. Structure of mixing control register

-
!

Display when neither an external
nor an internal color signal has
priority

has priority

Display an internal color signal

Note : The letter “I” is displayed with an internal color signal, the letter “O” is dispiayed with an extemnal color signal.

Dispiay when an external color
signal has priority

Fig. 69. Example of display provided by mixing function

— I L249828 0025865 153 A
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{12) CRT Output Pin Control
The CRT output pins R, G, B, and OUT1 can also function as ports

P52, P53, P54 and P5s. Set the corresponding bit of the port P5 di-
rection register (address 00CB16) to “0” to specify these pins as CRT
output pins, or set it to “1” o specify it as a general-purpose port P5
pins. The OUT2 can also function as port P16. Set bit 7 of the CRT
control register (address 00CE18) to “0” to.specify it as port P10, set
it to “1” to specify it as OUT2 pin.

The input polarity of the HsyNC, VsyNc, MXR, MXG, MXB, and
MXOUT signals can be specified with the bits of the CRT input polar-
ity register (address 021116). The input polarity of signals HsYNC and
VsYNC and output polarity of signals F, G, B, OUT1 and OUT2 can
be spacifiad with the bits of the CRT output polarity register {address
021216) . Set a bit to “0" to specify positive polarity; set it to “1” to
specify negative polarity. .

The structure of the CRT output polarity register is shown in Figure
70 and that of the CRT input polarity register is shown in Figure 71.

(13) Raster Coloring Function
An entire screen (raster) can be colored by setting the bits 7 to 0 of

the CRT output polarity register. Since each of the R, G, B, OUT1,
and OUT2 pihs can be switched to raster coloring output, 7 raster
colors can be obtained.

If the OUT1 pin has been set to raster coloring output, a raster color-
ing signal is always outpLit during 1 horizontal scanning period. This
setting is necessary for erasing a background TV image.

If the R, G, and B pins have been set to output, a raster coloring
signal is output in the part except a no-raster colored character (in
Figure 72, a character “O”) during 1 horizontal scanning period. This
ensures that character colors are not mixed with the raster color.
The raster colorling output are not mixed with the character output
and with the blank output from the OUT1 pin. However, the raster
coloring output is mixed with the blank output from the OUT2 pin.
An example in which a magenta character “I” and a red character “O”
are displayed with blue raster coloring is shown in Figure 72.

“RED"
“BLUE"

Signals
across
A-A'

Fig. 72. Example of raster coloring

(Il L249828 00258bb 09T WA

CRT output polarity register
{CO : address 021216)

R/G/B output polarity switch bit
0 : Positive polarity output
1 : Negative polarity output

—— OUT1 output polarity switch bit
0 : Positive polarity output
1 : Negative polarity output

—— QUT2 output polarity switch bit
0 : Positive polarity output
1 : Negative polarity output

R output switching bit
0: R output
1 : Raster coloring output

G output éwitching bit
0 : G output
1 : Raster coloring output

B output switching bit
0 : B output
1 : Raster coloring output

OUT1 output switch bit
- 0: 0UT1 output
1 : Raster coloring output

QUT2 output switch bit
0 : OUT2 output
1 : Raster coloring output

Fig. 70. Structure of CRT output polarity register

7 0"

Lofof | of T ]

I CRT input polarity register
(Cl : address 021116}

HsyNC input polarity switch bit

VSYNC input polarity switch bit

MXR/MXG/MXB input polarity
switch bit

Fix this bit to “0.”

MXOUT input polarity switch bit

Fix these bits to “0,”

0 : Positive active edge input
1: Negative active edge input

HSYNC, VSYNC waveform example
Positive | Hsyne H
polarity | VSYNC L =
Negative] HSYNC  H e T e ssssms U e
polarity | VSN L

Fig. 71. Structure of CRT input polarity register
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(14) Mask Function

Tha M37267M6-XXXSP can set a display disable area by masking

the display area. However, this mask function is ineffective for the

external color signals (refer to (11) Mixing Function) and the blocks

with priority display (refer to (15) Priority Display Function) of raster

coloring (refer to (13) Raster Coloring Function).

® Mask mode 1
In this mode, when the count value of the horizontal sync signal
(Hsync) matches the value set in the mask mode register 1, a
mask is set. At the display end position of the masked block, the
mask is reset. It follows that 1 display block is masked. However,
when another block is displayed on the next scanning line, the
mask is not reset aven if the display of a masked block ends. A
mask set position can be set for each line by a total of 9 bits including
the mask mode register 1 (address 00DC1e) and bit 4 of the vertical
position register 5 (address 00D61s). When this function is not used,
set the mask set position to a larger value than the number of lines
of the TV set.

@ Mask mode 2
This mode is started by setting bit 6 of the CRT control register
(address 00CE?1s) to “1”. In this mode, a mask is set at the timing
of the vertical sync signal (Vsync) and the mask is reset when the
count value of the HsyNc signal matches the value set in the mask
mode register 2 (address 00DD16). Unlike mask mode 1, the entire
display up to the mask reset position is masked. This mask reset
position is set by the mask mode register 2.
Fig. 74 shows a display in the case where the value of the mask
mode register 2 is set in tha process of block 4 and the value ¢f the
mask mode register 1 is set in the process of block 3.
A smooth Roll-up style and scrolling display in the text mode are
performed by the mask function and by rewriting the value of the
vertical position register with a Vsync interrupt.

_- b249828 00258L7 T2b HM

|7| HERN |o Mask mode register 1
(MM1 : address 00DC1e)

Low-order 8 bits of mask set
position in mask mode 1 {Note)

7

) ]
LI LT LT T ] o ecaetonsie

Mask reset position in mask
mode 2 (Note)

" Note: Set values except “0016.”

Fig. 73. Structure of mask mode registers
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<«— Set mask mode 2
Mask
Cv4
MM2 / <— No display
Yoo il il e m Ao - Rt Attt bbbty ~«— Reset mask mode 2
Block 4 <— Display ‘
Ccv2

‘ Block 2 - Display

CvV3

MM1 (-o--
Block 3 <— Display

A

"""""""""" 777/ =R

Block 1 - Dlsplay

Notes 1: CVX (X = 1 to 4): Indicates the contents of vertical position register X.
2: MMY (Y = 1 or 2): Indicates the contents of mask mode register Y.
3: The mask function is ineffective for priority-display blocks.

Fig. 74. Mask position

M L249828 0025868 962 HH
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(15) Priority Display Function
For blocks 1 and 2, there is a priority display function which can display
these blocks with higher priority than blocks 3 and 4. This function is
made effective by setting bits 1 and O of the priority display control
register (address 00D01s) to “1.” When the vertical display start
position for blocks 3 and 4 comes while blocks 1 and 2 are displayed,
display of blocks 3 and 4 is not started. The blocks being displayed
with priority cannot be masked.

A CRT interrupt request for blocks 1 and 2 is disabled by setting bits

2 and bit 3 of the priority display control register to “1”.

Perform setting as follows by using bits 3 to 0 of the priority display

control register:

®Blocks 3 and 4 are processed with multiline display by using a
CRT interrupt as CCD caption display.

@Set blocks 1 and 2 fo “priority display” and “no CRT interrupt request”
as channel selection display. The channel selection display for a
maximum of 2 lines is processed,

With the above settings of ® and @, both caption display and
channel selection control display can be simultaneously performed.
When blocks 1 and 2 are set to “priority display”, set the interrupt
request control bit to “no CRT interrupt request.”

Figure 76 shows an example of screen display using the priority
display function.

Priority display control register
(PC : address 00D016)

7 0

Block 1 priority display control bit
0 : No priority display
1 : Priority display

Block 2 priority display control bit
0 : No priority display
1 : Priority display

Block 1 interrupt request
control bit

0 : Interrupt request

1 : No interrupt request

Block 2 interrupt request
control bit

0 : Interrupt request

1 : No interrupt request

Fig. 75. Structure of priority display control register

~

Block 3

Block 4

R
R

12345

-

““Block 3

----» CRT interrupt request

---> CRT interrupt request
---» CRT interrupt request disabled

12345 oo

----» CRT interrupt request

- ---» CRT interrupt request

Block 3

----» CRT interrupt request

12345
12345

Block 4

----» CRT interrupt request

N

----» CRT interrupt request

I:I No priority display block

Fig. 76. Simultaneous display example
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‘ !:h[‘jLERRUPT INTERVAL DETERMINATION

The M37267M6-XXXSP incorporates an interrupt interval determi-
nation clrcuit. This interrupt interval determination circuit has an 8-bit
binary up counter as shown'in Figure 77. Using this counter, it deter-
mines an interval or a pulse width on the INT1 or INT2 (refer to Fig-
ure 79).

The following descnbes how the interrupt interval is determined.

1. The determination mode is selected by using bit 5 of the interrupt
interval determination control register (address 00EF16). When this
bit is set to “0,” the interrupt interval determination mode is se-
lected; when the bit is set to “1,” the pulse width determination
mode is selected.

2. The interrupt input to be determined (INT1 input or INT2 input) is
selected by using bit 2 in the interrupt interval determination con-
trol register (address O0EF16). When this bit is cleared to “0,” the
INT1 input is selected ; when the bit is set to “1,” the INT2 input is
selected.

. When the INT1 input is to be determined, the polarity is selected
by using bit 3 of the interrupt interval determination control
register ; when the INT2 input is to be determined, the polarity is
selected by using bit 4 of the mterrupt interval determination
control register.

When the relevant bit is cleared to “0,” determination Is made of

o

I L2u9424 0025870 510 M

the interval of a positive polarity (rising transition) ; ; when the bitis
set to “1,” determination is made of the interval of & negatwe po-
larity (falling transition).

4. The reference clock is selected by using bit 1 of the interrupt inter-
. val determination control register. When the bit is cleared to “0,” a

(=2

7.

32ps clock is selected ; when the bit is set to “1,” a 16us clock is
selected (based on an oscillation frequency of BMHz in either case).

. Simultaneously when the input pulse of the spacified polarity

(rising or falling transition) occurs on the INT1 pin (or INT2 pin},

- the 8-bit binary up counter starts counting up with the selected

reference clock (32us or 16us).

. Simultaneously with the next input pulse, the value of the 8-bit

binary up counter is loaded into the interrupt interval determina-
tion register (address 00EE1¢) and the counter is immediately re-
set (“0016”). The reference clock is input in succession even after
the counter is reset, and the counter restarts counting ub from
“0016”. .
When count value “FE16” is reached the 8-bit binary up counter
stops counting. Then, simultaneously when the next reference -
clock is input, the counter sets value “FF16” to the interrupt inter-
val determination register. The reference clock is. generated by
setting bit 0 of the PWM mode register 1 to “0.”

2-736
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16ps
W A
azus —)$—> Cc_°r"",ct" > 8-bit binary up counter (8)
RE trout REo
INT2 (Note) 8y
Y
INT1 (Note) —JS Interrupt interval determination ragister (8)
RE2

(Address O0EE1s)

b

Selaction gate : Connected to
‘black colored
side at rest.

RE : Interrupt interval determination control register
Note: The pulse width of external interrupt INT1 and INT2 needs 5 or more machine cycles.

Fig. 77. Block diagram of interrupt interval determination circuit

7 0

Interrupt interval determination INT1 or 2 input
control register
(RE : address 00EF 6)

Interrupt interval determination o}
circuit operation control bit 0
1
1

i i Count interval

&
<« T

REs

ol

0 : Stopped : a
1: Operating !
———Reference clock selection bit

(a:)ff);gzl: 8MHz) RE: : Biti (i = 3, 4) of interrupt interval determination

1:16ps ) control register (address 00EF16)

1]
1
0
1

|
|

XY

X

—————External interrupt input pin
selection bit - N N N — -
0: INT1 input Fig. 79. Setting value of interrpt interval determination control register

1:INT2 input and measuring interval

INT1 pin input polarity switch bit
0 : Positive polarity input
1: Negative polarity input

INT2 pin input polarity switch bit
0 : Positive polarity input
1 : Negative polarity input

Interrupt interval determination mode
switch bit
0 : Interrupt interval determination
mode .
1 : Pulse width determination mode

Fig. 78. Structure of interrupt interval determination control register

I b249828 0025871 457 W
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RESET CIRCUIT

The M37267M6-XXXSP is reset according to the sequence shown - . Poweron
in Figure 81. It starts the program from the address formed by using ' ) E H .
the content of address FFFF16 as the high-order address and the ! /‘: 45V

content of the address FFFE16 as the low-order address, when the Power source voltage 0 V : E
RESET pin is held at “L” level for 2 us or more while the power source 3 !

voltage is 5 V + 10 % and the oscillation of a quartz-crystal oscillator f
or a ceramic resonator is stable and then retumed to “H” level. The Reset input voltage 0 V T ' 08V,
internal state of microcomputer at reset are shown in Figure 82. ) .

An example of the reset circuit is shown in Figure 80.
The reset input voltage must be kept 0.9V or less until the power

source voltage surpasses 4.5 V. 27 Voo
1
2 S RESET
M51953AL
4
3 0.1 uF l
A
7
M37267M8B-XXXSP

Fig. 80. Example of reset circuit

XIN _J_Ur—l___;__. -J_UMU_U—
O S [ I [y Iy Iy oy B
RESET 1

Internal RESET ) )
SYNC ) | |

Address D &0 S0, CX QXD O Gl i €%
. ! Reset address from the vector table

Data P ED G&D &B &B &5 €3 €D

Notes 1 : f(Xin) and #(¢) are in the relation : f{(XIN) = 21 (¢).
32768 count of Xin 2 : A question mark (?) indicates an undefined state that
clock cycle (Note 3) N
depends on the previous state.
3 : Immediately after a reset, timer 3 and timer 4 are
connected in hardware. At this time, “FF16” is set
in timer 3 and “0716” is-set to timer 4. Timer 3 counts down
with f(XIN)/16, and reset state is released by the timer 4
overflow signal.

Fig. 81. Reset sequence

B H249828 0025872 393 W
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Address  Contents of register

(00C115)

Address  Contents of register
interupt interval determination control register  (00EF1s) [XTXT0[0]0[0]0]0]

Port PO direction register

Port P1 direction register

Port P2 direction register

Port P3 direction register

Port P4 direction register

Port PS direction register

CRT control register

Display mode register

Priority display control register
Horizontal position register
Vertical position register 5
Character size register 1
Character size register 2

Display clock selection register 1
Display clock selection register 2
Background color control register
Data slicer control register 1
Data slioerkcon'trol register 2
Caption position register

Stant bit‘position register
Window register

Sync slice register

Data register 1

Data register 2

Clock run-in register 1

Clock run-in register 2

Clockd run-in detect register 1
Clockd run-in detect register 2
Sync pulse counter register
Serial IO mode register

A-D control register 1

Note : The contents of all other registers and RAM are undefined at reset, so set their initial values.

[*] : Undefined
[X] : Unused bit

(00C316)
{00C515)
(00C74¢)
(00C316)
(00CB16)
{00CE16)
(OOCF16)
(00D016)
(00D116)
(00D616)
(00D716)
(00DB16)
{00D916)
(00DA16)
(00DB16)
(00DE 16)
{00DF16)
{00E015)
{00E116)
(00E216)
(00E316)
(00E416)
(00E51s)
(00E616)
{00E716)
(0OE816)
(00E916)
{00EA16)
(00EB6)
(00ED16)

Timer 1

Timer 2

Timer 3

Timer 4

Timer mode register 1
Timer mode register 2

12C address register

{2C status register

12C control register

12C clock control register
CPU mode register
Interrupt request register 1
Interrupt request register 2
Interrupt control register 1
Interrupt control register 2
PWM mode register 1
PWM mode register 2
Timer 5

Timer 6

Timer 3 count select register

QUT control register

"CRT input polarity register

CRT output control register
Mixing control register

A-D control register 2
Processor status register

Pragram counter

(00F016)
(00F116)
{00F216)
(00F315)
(00F41¢)
(00F516)
(00F716)
(00F81¢)
(00F916)
(00FA16)
(00FB1¢)
(00FC1e)
(00FDse)
{00FEe)
(0OFF15)
(020A16)
(020B16)
(020C1s)
(020D18)
(020F18)
(021016)
{021116)
(021216) 0016
(021316)
(02141¢)
(PS)
(PCH)
(PCL)

Fig. 82. Intemal state of microcomputer at reset
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N

Data bus

Data bus

Ports P11-P14

Data bus

Ports P03, P10, P1s-P17, P2, P30, P31

——| Direction register I

——1 Port fatch ||

e
Y

AR

VA

— >

T

T

&
H

Ports P0o-P02, P04—P07

~J

— Direction register -

Direction register

Port latch

T

S—P%—*Hb

CMOSS3 output

Ports P03, P1o, P1s—-P17,
P2, P30, P31

Note: Each port is also used as below:
P1o: OUT2
P17:SIN
P24-P26 : AD3-AD1

N-channel open-drain output

Ports POo~P02, PO4—P07
Note: Each port is also used as below:

PO0-POz2 : PWM4-PWM6
P04-P07 : PWMO-PWM3

N-channel open-drain output

Ports P11-P14”

Note: Each port is also used as below:
P11:SCL1
P12 :8CL2
P13 : SDA1
P14: SDA2

Fig. 83, 1/0pin block diagram (1)

B (249828 0025874 lbh HN
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Sour, Scik
N-channel open-drain output
T SouT, SCLK
Data bus __Do—l Note: Each pin is also used
. as below:
SouT : P4s
SCLK : P4s
~J
HSYNC, VSYNC
Schmidt input R.G. B, 0ouT1
-©- ‘ CMOS output
Intemnal circuit HsyNe, VSYNC .
[
1)
M
Ports P40—P44 Internal circuit R, G, B, OUT1
'lZ Note: Each pin is also used as
A + below;
Data bus Ports P40-Pds R:PS2
© 77 G : P53
B B: P54
Note: Each port is also used as befow: OuT1:PSs
P40 : MXR/AD4
P41 INT2IMXG
P42 : TIM2MXB
P43 : TIM3/MXOUT
P44 : INT1

Fig. 84. 1O pin block diagram (2)

B L249828 DD25875 0T2 WA
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CLOCK GENERATING CIRCUIT
The M37267M6-XXXSP has 2 built-in oscillation-circuits. An oscilla-

tion circuit can be formed by connecting a resonator between XN
and XouT (XCIN and XcouT). Use the circuit constants in accordance
with the resonator manufacturer's recommended values. No exter-
nal resistor is needed between XIN and XouT since a feed-back re-
sistor exists on-chip. However, an external feed-back resistor Is
needed between XCIN and XcouT. When using XCIN-XcouT as sub-
clock, clear bits 7 and 6 of the mixing control registerto “0.” To sup-
ply a clock signal externally, input it to the XIN (XcIn) pin and make
the XouT (XCouT) pin open.

After reset has completed, the intemal clock ¢ is half the frequency of
XIN. Immediately after poweron, both the XIN and XciN clock start
oscillating. To set the internal clock ¢ to low-speed operation mode,
set bit 7 of the CPU mode register (address 00FB1s) to “1.”

Oscillation Control

(1) Stop mode

The built-in clock generating circuit is shown in Figure 56. When the
STP instruction is executed, the intemal clock ¢ stops at “H” level. At
the same time, timers 3 and 4 are connected in hardware and “FF16”
is set in the timer 3, “0716” is set in the timer 4. Select {(XIN)/16 or
f(XCIN)/16 as the timer 3 count source (set both bit 0 of the timer
mode register 2 and bit 0 at address 020F16 to “0” before the execu-
tion of the STP instruction). And besides, set the timer 3 and timer 4
interrupt enable bits to disabled (“0”) before execution of the STP
instruction. The oscillator restarts when extemal interrupt is accepted,
however, the internal clock ¢ keeps its “H” level until timer 4 over-
flows. Because this allows time for oscillation stabilizing when a ce-
ramic resonator or a quartz-crystal oscillator is used.

(2) Wait mode

When the WIT instruction is executed, the internal clock ¢ stops in
the “H” level but the oscillator continues running. This wait state is
released at reset or when an interrupt is accepted (Note). Since the
oscillator does not stop, the next instruction can be executed at once.

Note: In the wait mode, the following interrupts are invalid.

(1) VsyNc interrupt

(2) CRT interrupt

(3) Timers 1 and 2 interrupt using P43/TIM2/MXB pm input as
count source

(4) Timer 3 interrupt using P43/TIM3/MXOUT pin input as count
source

(5) Data slicer interrupt

(6) Multi-master 12C-BUS interface mterrupt

(7) XIN/4096 interrupt

(8) All timer interrupts using f(XIN)/2 or f(XC|N)/2 as count source

(9) All timer interrupts using f(XIN)/4096 or f(XCIN)/4096 as
count source

B L249828 002587k T39 ME

(3) Low-Speed Mode

If the internal clock is generated from the sub-clock (XCIN), a low
pdwer consumption operation can be realized by stopping only the
main clock XIN. To stop the main clock, set bit 6 (CMe) of the CPU
maode register (00FB16) to “1.” When the main clock XIN is restarted,
the program must allow enough time to for oscillation to stabilize.
Note that in low-power-consumption mode the XCIN-XCOUT drivability
can be reduced, allowing even lower power consumption (60uA with
f (XCIN) = 32kHz). To reduce the XCIN-XCOUT drivability, clear bit &
(CMs) of the CPU mode register (00FB16) to “0.” At reset, this bit is
set to “1” and strong drivability is selected to help the oscillation to
start. When an STP Instruction is executed, set this bit to “1” by soft-
ware before executing.

- M37267M6-XXXSP
Xcin - Xcout XIN

Xour

AAA

WV

L
Z Ra

g HO
;CCIN ;; Coour g; CiN ;COUT

Fig. 85. Ceramic resonator circuit example

M37267M6-XXXSP
XcIN_Xcout XIN__ XouT
Open Open

External oscillation
circuit

External oscillation
circuit or external
pulse

oL LT e s
Vss . Vss

Fig. 86. External clock input circuit example
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XcIN Xcour

OSC scillation circuit
selection bits (Notes 1, 4)

* Timer 3 count Timer 4 count
XN Xour [; stop bit (Notes 1, 2) E stop bit (Notes 1, 2)
t " v ) Timer 3 Timer 4
-
} P i e o >
™ 4 “or .
), internal system clock Timer 3

selection bit (Notes 1, 3) count source selection bit (Notes 1, 2)

’ . . - (Intemal clock)
— Main clock (Xin—-Xour) stop bit (Notes 1, 3) )

[— Internal system clock
selection bit (Notes 1, 3)

Lo s , : s ao— L sﬂl
Reset

— STP instruction Yr?gruction_ R R STP instruction

)

(O— Interrupt disable flag |
— Interrupt request

Notes 1: The value at reset is “0."
2: Refer to the structure of timer mode register 2.
3: Refer to the structure of CPU mode register {(next page).
4: Refer to the structure of mixing control register.

Fig. 87. Clock generating circuit block diagram
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High-speed operation
start mode

'

WIT instruction STP instruction
8MHz oscillating - 8MHz oscillating —_— 8MHz stopped
1:?kH‘z oscﬂlaztl:g) , 32kHz oscillating 32kHz stopped
is stopped (“ f(0) = 4MHz : g
S\ -+
Timer operating —_— (¢) ¢ is stopped (‘H")
Interrupt ‘ _Interrupt (Note 1)
External INT, 5
timer interrupt, o [ Extemnal INT :l

or SO interrupt CM7=0

CM7=1

WIT instruction STP instruction
- i 8MHz oscillating —_— 8MHz stopped

32kHz oscillating 32kHz stopped
—_— e\ #(¢) = 16kHz - ¢ is stopped (“H")

8MHz oscillating

32kHz oscillating
. ¢ is stopped (*H’)
Timer operating

. {Note 3) Interrupt Interrupt (Note 2)
CMs=0
The program must
allow time for 8MHz
CMe =1 : oscillation to stabilize
8MHz stopped WIT instruction ) STP instruction -
Y B —" — -
32kHz oscillating 8MHz stopped . 8MHz stopped
¢ is stopped (“H") 32kHz oscillating . 32kHz stopped
Timer operating —_— f(¢) = 16kHz - ¢ = stopped (“H")
(Note 3) Interrupt

Interrupt (Note 2)

I | | | CPU mode register
(Address : 00FB16)

CMs : Main clock (Xin—Xour) stop bit
0 : Oscillating
1 : Stopped

——CM? : Internal system clock selection bit
. ~ 0:XiN-Xour selected (high-speed mode)
1 : Xein-Xcour selected (low-speed mods) -

The example assumes that 8 MHz is being applied to the Xin pin and 32 kHz to the Xcin pin. The ¢ indicates the intemal clock.
Notes 1: When the STP state is ended, a delay of approximately 8ms is automatically generated by timer 3 and timer 4.

2: The delay after the STP state ends is approximately 2s.
3: When the intemal clock ¢ divided by 8 is used as the timer count source, the frequency of the count source is 2kHz.

Fig. 88. State transitions of system clock

B L249828 0025878 401 W
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DISPLAY OSCILLATION CIRCUIT .

The CRT display clock oscillation circuit has a built-in clock oscilia-
tion circuits, so that a clock for CRT display can be obtained éimply
by connecting an LC across the pins OSC 1 and OSC 2. Which of
the sub-clock or the display oscillation circuit is selected by setting
bits 6 and 7 of the mixing control register (address 021316).

0OSC1 0sc2

T 1"

Fig. 89. Display oscillation circuit *

AUTO-CLEAR CIRCUIT
When power source is supplied, the auto-clear function can be per-
formed by connecting the following circuit to the RESET pin.

Circuit example 1

RESET

1
B

Circuit example 2

RESET T
_V
Tk

Note : Make the level change from “L” to “H” at the point

at which the powar souice voltage exceeds the
specified voltage.

Fig. 90. Auto-clear circuit example

M 249828 0025879 748 W

ADDRESSING MODE

The memory access is reinforced with 17 kinds of addressing modes.
Refer to the SERIES 740 <Software> User's Manual for details.

MACHINE INSTRUCTIONS
There are 71 machine instructions. Refer to the SERIES 740 <Soft-

ware> User's Manual for details.

PROGRAMMING NOTES
(1) The divide ratio of the timer is 1/(n+1).

(2) Even though the BBC and BBS instructions are executed imme-
diately after the interrupt request bits are modified (by the pro- -
gram), those instructions are only valid for the contants before
the modification. At least one instruction cycle is needed (such as
an NOP) between the modification of the interrupt request bits
and the execution of the BBC and BBS instructions.

{3) After the ADC and SBC instruction is executed (in decimal mode),
one instruction cycle (such as an NOP) is needed before the SEC,
CLC, or CLD instruction is executed.

(4) An NOP instruction is needed immediately after the execution of
a PLP instruction.

(5) In order to avoid noise and latch-up, connect a bypass capacitor
(= 0.1 uF) directly between the Vce pin-Vss pin, AVCe pin-Vss
pin, and the Ve pin-CNVSsS pin using a thick wire.
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP M37267M6-XXXSP, M37267M8-XXXSP

M37267EE-XXXSP M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-
tion:

(1) Mask ROM Order Conﬁrmation Form

(2) Mark Specification Form

(3) Data to be written to ROM, in EPROM form (28-p|n DIP Type
27C104, three identical copies)

B 249828 0025880 46T HE

PROM Programming Method

The built-in PROM of the One Time PROM version (blank) and buitt-
in EPROM version can be read or programmed with a general-pur-
pose PROM programmer using a special programming adapter.

Name of Programming Adapter
PCA7400

Product
M37267EE

The PROM of the One Time PROM version (blank) is not tested or
screened in the assembly process and following processes. To en-
sure proper operation after programming, the procedure shown in
Figure 91 is recommended to verify programming.

Programming with
PROM programmer

~_~

Screening (Caution)
(150°C for 40 hours) -

¢

Verification with
PROM programmer

G

I Functional check in target devicel

Caution : The screening temperature is far highef
than the storage temperature. Never
expose to 150°C exceeding 100 hours.

Fig. 91. Programming and testing of One Time PROM version

2-746
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP M37267M6-XXXSP, M37267M8-XXXSP
M37267EE-XXXSP M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce, AvVce | Power source voltage  Vcc, AVee All voltages are based ~0.3t0 6 v
on Vss,
Vi Input voltage CNVss Output transistors are -0.3t06 A
Vi .| Input voltage P00-P07, P10-P17, P20-P27, cut off, -0.3toVecc +0.3 A
P3o, P31, P40-P4s, P64,
OSC1, XiN, HSYNC, VSYNC
RESET CVIN
Vo Output voltage P03, P1o-P17, P20-P27, —0.3toVcec +0.3 v
P30, P31, R, G, B, OUTH,
Xout, OSC2 )
Vo Qutput voltage PQ0-P02, P04-P0O7 , 031013 |l v
loH Circuit current R, G, B, OUT1, OUT2, P03, ’ Oto 1 (Note 1) mA
P15-P17, P20-P27, P30, P34 i
loL1 _Circuit current R, G, B, OUT1, OUT2, 0 to 2 (Note 2) mA
P03, P15-P17, P20-P27,
SouT, SCLK
loL2 Circuit current P11-P14 0 to 6 (Note 2) mA
loLs Circuit current PO0-P02, PO4-P07 ‘ 0 to 1 (Note 2) .| mA
loLa Circuit current - P30, P31 . 0 t0 10 (Note 3) mA
Pd Power dissipation Ta=25°C 550 mw
Topr Operating temperature -10 to 70 °C
Tstg ' Storage temperature —40 to 125 °C

RECOMMENDED OPERATING CONDITIONS (Ta=-10°C :& 70 °C, Vec = 5 V £ 10 %, unless otherwise noted)

Limits I
Symbol Parameter Vi Tvp. Mox. Unit
Vce, Avce | Power source voltage (Note 4), During CPU, CRT, data slicer operation 4.5 5.0 55 )
_Vec, AVec | RAM hold voltage (when clock is stopped) 2.0 55 v
Vss Power source voltage 0 0 0 \
VIH1 “H” input voltage P00—P07, P10-P17, P20-P27, P30, P31, 0.8vVce Vee v
P40-P4e, P64, HSYNC, VSYNC, RESET,
- XN, OSCH
ViH2 “H” input voltage SCL1, SCL2, SDA1, SDA2 (When using PC-BUS) | 0.7vVce Vce Vv
ViL1 “L” input voltage . PQo-P07, P10-P17, P20—P27, P30, P31, [¢] 0.4Vce v
P40-P4s, P63, P64 :
Vi2 “L” input voltage SCL1, SCL2, SDA1, SDA2 (When using 12C-BUS) 0 0.3 Vee A
ViLs “L" input voltage (Note 6) P41-P44, P4s, P17, HSYNC, VSYNC, 0 0.2 Vcc v
. RESET, XN, OSC1
loH “H” average ouftput current (Note 1) R, G, B, OUT1, OUT2, P03, P15—P17 1 mA
P20-P27, P30, P31
loL1 “L” average output current (Note 2) R, G, B, OUT1, OUT2, P03, P15-P17, 2 mA
P20-P27, Sout, Scik )
loL2 “L” average output current (Note 2) P11-P14 6 | mA
loLs “L” average output current (Note 2) P00—P02, P04—P07 1 mA
loLa~ “L” average output current (Note 3) P30, P31 ) 10 mA
fcpu . Oscillation frequency (for CPU operation) (Note 5) XIN 3.6 8.0 8.1 [ MHz
foLk Oscillation frequency (for sub-clock operation) (Note 7) 29 32 35 | kHz
fcRT Oscillation frequency (for CRT display) 0SC1 6.0 13.0 | MHz
fhst Input frequency . TIM2, TIM3, INT1, INT2 100 kHz
fhe2 - | Input frequency ScLK 1 | MHz
fhs3 Input frequency SCL1, SCL2 400 | kHz
fhsa Input frequency Harizontal sync. signal of video signal 15.262 15.734 16.206 | kHz
Vi Input-amplitude video signal CVIN 1.5 2.0 2.5 \'/

B L249828 0025881 3ThL HN
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP M37267M6-XXXSP, M37267M8-XXXSP
M37267EE-XXXSP M37267EESP

SINGLE CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

ELECTRIC CHARACTERISTICS (vcc =5V 110 %, Vss'=0 V, f(XIN) = 8 MHz, Ta= =10 °C to 70 °C, unless qther{nise noted)

v Symbol Parameter Test conditions Limits Unit
ym » _ Min. CTyp. | Max.
lcc Power source current System operation- {Vcc =55V, |CRTOFF 15 30 :
f(XIN) = 8 MHz| Data slicer OFF} - ) ) mA
{CRTON 30 45
Data slicer ON
Vec=55V,f{(XIN=0, . 60 200
{f(Xcin) = 32kHz, . .
CRT OFF, Data slicer OFF, A
Low-power dissipation HA
mode set (CMs = “0”,
CMs = “17)
. {Wait mode Vee =55V, (XiN) = 8 MHz , 2 4 mA
Vec =55V, f(XiN) = 0, - 25 100
f(XciN) = 32kHz, .
Low-power dissipation
mode set (CMs = “0”, 2A
] CMs = “17) 5 . . ;
Stop mode vee =55V, f(Xiny= 0, 1 .10
. f(XciN) = 0 ' . .
VOH “H” output voltage R, G, B, OUT1, OUT2, P03, [Vcc=45V 2.4
P15-P17, P20-P27, P30, P31 |loH=-0.5mA ' v
VoL ‘L” output voltage R, G, B, OUT1, OUT2, Vcc=45V 04
Sour, Scik, P00-P07, loL=0.5mA
P15-P17, P20-P22 )
“L” output voltage P30, P3t Vee=45V ) ] 3.0
. loL = 0.5 mA . ) v
“L” output voltage  P11-P1a Vec=4.5V [loL=3mA 0.4
. . oL = 6 mA 08
VT+VT-  [Hysteresis RESET Voo =50V - , 05 0.7
Hysteresis (Note 6) HSYNG, VSYNC, P41-P4a, Vee=5.0V -1 ] ob 13 Y
- P4s, P11—P14, P17 :
lizH “H” input leak current RESET, P03, P10-P17, vcec=55V . 5
P20-P27, P30, P31, P40-P46, (Vi=55V HA
P63, P64, HSYNC, VSYNC -
hzL “L” input leak current RESET, POo-P07, Plo-P17, |Vec=55V ' 5 :
P20-P27, P30, P31, P40-Pds, (Vi=0V . | uA
P63, P64, HSYNC, VSYNC. )
1ozH “H” output leak current PO0—P02, P04—P07 Vec=55V . 10, A
: ' , Vo=12V H
Rss -] 2C-BUS-BUS switch connection resistor Vcc=45V 130 Q
{(between SCL1 and SCL2, SDA1 and SDA2) :

Notes 1: The total current that flows out of the IC must be 20 mA (max.).

2: The total input current to IC (loL1 + loL2 + l0L3) must be 20 mA of less.

3: The total average input current for ports P30, P31 1o IC must be 10 mA or less. :

4: Connect 0.1 uF or more capacitor extemally across me power source pins VCC-Vss and AVCC-VSS so as to reduce power source
noise.
Also connect 0.1 uF or more capacitor externally across the pins Vcc-CNVss. : .

5: Use a quartz-crystal oscillator or a ceramic resonator for the GPU oscillation circuit. When using the data slicer, use 8 MHz.

6: P41—P44 have the hysteresis when these pins are used as interrupt input pins or timer input pins: P11-P14 have the hysteresis wheni
these pins are used as multi-master 12C-BUS interface ports. P17 and P46 have the hysteresis when these pins are used as serial I/
O pins. -

7: When using the sub-clock, set fcLK < 1cpu/3

B b249828 0025842 232
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MITSUBISHI MICROCOMPUTERS

M37267M4-XXXSP, M37267M6-XXXSP, M37267M8-XXXSP
M37267EE-XXXSP, M37267EESP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

A-D COMPARATOR CHARACTERISTICS .
(Vec =5V £ 10 %, Vss =0V, {(XiN) = 8 MHz, Ta =—10 °C to 70 °C, unless otherwise noted)

- Limits )
.Symbol ‘ Parameter Test conditions Wi Tvp. Max. Unit
— Resolution ‘ . 6 bits
- Non-linearity error 0 +1 LSB
— Differential non-linearity error 0 +1.5 LSB
Vot Zero transition error vee =5.12V 0 1.5 LSB
loL (SUM) = OmA
VFST Full-scale transition error Vee =512V 0 -2 LSB
Via Analog input current 0 Vce Vv
MULTI-MASTER 12C-BUS BUS LINE CHARACTERISTICS
Standard clock mode |High-speed clock mode|
Symbol Parameter - - Unit
Min. Max. Min. Max.
tBUF Bus free time ' 4.7 13 us
tHD:STA Hold time for START condition 4.0 0.6 . us
tow “L" period of SCL clock 4.7 1.3 us
tR Rising time of both SCL and SDA signais : 1000 20+0.1Cb 300 | ns
tHD:DAT Data hold time . 1] 0 0.9 us
tHIGH “H" period of SCL clock 4.0 0.6 us
tF Falling time of both SCL and SDA signals 300 2040.1Co 300 ns
tsu:DAT Data set-up time ’ ] 250 100 ns
tsu:STA . | Set-up time for repeated START condition . 4.7 0.6 us
tsu:sTO Set-up time of STOP condition . 40 0.6 HS

Note: Cb = total capacitance of 1 bus line

r~= F=" r lf":
PETTR """ - o
soa; [ :\: / X >< : W/
TR < . : g
[ e ! : 1070 3! ¢!
v BUR ! poisTA I‘—
SRR ' ¥ E P
T ==
‘pi IS ! P
scL: ;- ! v
1 ) ] 1] ] 1
P 1 qor R v
Lol gl —’{‘— ?"’I ”n__! Lo
tHO:STA tHD:DAT tHIGH {SU:DAT tsuisTA

Fig. 92. Definition diagram of iming on multi-master I2C-BUS
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MITSUBISHI LSls
M5M44100BJ,L,TP,RT-5,-6,-7,-8,-55,-6S,-7S,-8S

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM

Note 28. Self refresh sequence
Two refreshing ways should be used properly depending on

the low pulse width (trass) of RAS signal during self refresh
period.

1. In case of trass <300ms
1.1 Distriduted refresh during Read/Write operation
(A) Timing Diagrams

Read/Write Cycle \ Self Refresh Cycle L Read/Write Cycle
NSD trass < 300ms | tsND
RS \_/ \
last refresh cycle first refresh cycle
Table 2
1.1.1 CBR distributed Refresh
. Read/ Write— Self Refresh— @ Switching from read/write operation to self refresh operation.
Read/Write Cycle

Self Refresh Read/ Write The time interval from the falling edge of RAS signal
in the last CBR refresh cycle during read/write operation
period to the faling edge of RAS signal at the start of

CBR ﬂistributed

refres tnsD + tsno < 16.4ms

RAS self refresh operation should be set within tnsp (shown
gﬁ‘tsrabﬂ% refresh| tNSDS16us tsNo< 18 us n table 2). P (
@ Switching from self refresh operation to read/write operation.
The time interval from the rising edge of RAS signal at
the end of self refresh operation to the falling edge of
(B) Definition of refresh RAS signal in the first CBR refresh cycle during read/
Definition of CBR distributed refresh write operation period should be set within tsnp(shown
The CBR distributed refresh performs more then in table 2).
1024 discrete CBR cycles within 16.4 ms.
Definition of RAS only distributed refresh 1.1.2 RAS only distributed refresh
All combination of ten row address signals (Ao~ Ag) ® Switching from read/write operation to self refresh operation.
are selected during 1024 discrete RAS only refresh The time interval tnsp from the falling edge of RAS signal
cycles within 16.4 ms. in the last RAS only refresh cycle during read/ write

operation period to the faling edge of RAS signal at the
start of self refresh operation should be set within 16us.
@ Switching from self refresh operation to read/write operation.
The time interval tsno from the rising edge of RAS signal
at the end of self refresh operation to the falling edge
of RAS signal in the first CBR refresh cycle during read/
write operation period should be set within 16 us.

MITSUBISHI
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MITSUBISHI LSis

M5M44100BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-85

l

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM

1.2 Burst refresh during Read/Write operation
(A) Timing diagram

Read/ Write Self Refresh . Read/ Write
T
NSB trass < 300ms tsnB
m o \ /] N/
first I refresh cycles refresh cycles last !

refresh cycles 1023 cycles

Table 3

Read/ Write—

Read/Write Cycle Self Refresh

Self Refresh—
Read/ Write

Ee?r%sgum tnse  16.4ms tsng S 16.4ms
?e?gesﬁnly burst tnss + tsng £ 16.4ms

(B) Definition of burst refresh
Definition of CBR burst refresh

The CBR burst refresh performs more then 1024

continuous CBR cycles within 16.4ms.
Definition of RAS only burst refresh

All combination of ten row address signals (Ao~ Ag)
are selected during 1024 continuous RAS only

refresh cycles within 16.4 ms.

1023 cycles refresh cycles

1.2.1 CBR distributed Refresh
@ Switching from read/write operation to self refresh operation.
The time interval tnse from the falling edge of RAS signal
in the first CBR refresh cycle during read/write operation
period to the falling edge of RAS signal at the start of
self refresh operation should be set within 16.4 ms.

. ® Switching from self refresh operation to read/write operation.
The time interval tsns from the rising edge of RAS signal
at the end of self refresh operation to the falling edge
of RAS signal in the last CBR refresh cycle during read
/write operation period should be set within 16.4 ms.

1.2.2 RAS only distributed refresh

® Switching from read/write operation to self refresh operation.
The time interval from the falling edge of RAS signal
in the first RAS only refresh cycle during read/ write
operation period to the falling edge of RAS signal at the
start of self refresh operation should be set within tnse
(shown in table 3).

® Switching from self refresh operation to read/write operation.
The time interval from the rising edge of RAS signal at
the end of self refresh operation to the faling edge of
BAS signal in the last RAS only refresh cycle during read/
write operation period should be set within tsne(shown
in table 3).
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MITSUBISHI LSIs

M5M44100BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM

2. In case of trass = 300ms
(A) Timing diagram

Self Refresh Read/ Write

trASS 2 300ms tREF

o ) 9

refresh cycle
1024 cycle
Table 4
Read/ Write Self Refresh->Read/Mirte

CBR distributed refresh
RAS only distributed refresh
CBR burst refresh

RAS only burst refresh

trerF < 16.4ms

(B) Definition of refresh
The same as 1.1-(B) and 1.2-(B)

2.1
Regardless of the refresh (CBR distributed refresh, RAS only

distributed refresh, CBR burst refresh, RAS only burst refresh)
during Read/Write operation the minimum of 1024 cycles
refresh should be preformed within 16.4 ms from the rising
edge of RAS signal at the end of self refresh operation.
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