MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

1. DESCRIPTION
The M306VOME-XXXFP and M306VOEEFP are single-chip microcomputers using the high-performance
silicon gate CMOS process using a M16C/60 Series CPU core and are packaged in a 100-pin plastic
molded QFP. These single-chip microcomputers operate using sophisticated instructions featuring a high
level of instruction efficiency. With 1M bytes of address space, they are capable of executing instructions at
high speed. They also feature a built-in OSD display function and data slicer, making them ideal for control-
ling TV with a closed caption decoder.
The features of the M306VOEEFP are similar to those of the M306VOME-XXXFP except that this chip has
a built-in PROM which can be written electrically.

1.1 Features

* Memory size .

* Shortest instruction execution time......
* Power sourse voltage ........cccccceeeeeeeennn. 45V 1o 5.5V
* Power consumption .........cccoccvveeernnnnn.

* Interrupts.......

* Multifunction 16-bit timer......................

e Serial 1/10........

* A-D converter
* D-A converter

* Data slicer.....

¢ HSYNC COUNTET evvenieniiiiiieice e

* OSD function

* Watchdog timer.........cccoooeiiiiiiiieenenennn,
* Programmable /O ........cccccvviiineinnnn
o Memory expansion ..........cccoecvveeeeennnne
* Chip select output ..........ooooiiiiiiieenennnn.
* Clock generating Circuit ............cc.c.......

1.2 Applications
TV with a closed caption decoder

<ROM>192K bhytes
<RAM> 5K bytes

<OSD ROM> 44K bhytes
<OSD RAM> 1.7K bytes
100 ns (f(XiN)=10 MHz)

250 mw

20 internal and 3 external interrupt sources, 4 software
interrupt sources; 7 levels

2 output timers + 3 input timers + 3 timers

2 unit

UART/clock synchronous: 1

UART/clock synchronous/simple 12C-BUS interface (2 systems): 1
2 channels (trigger: 21 sources)

8 bits J 6 channels

8 bits 0 2 channels

1 circuit

1 circuit (2 systems)

1 circuit

1 circuit

78 lines
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1.3 Pin Configuration

Figure 1.3.1 shows the pin configuration (top view).

PIN CONFIGURATION (top view)

STTRITRD

o)y ayaNayalalNce

S-S p3pox O

Qedaggoag I
O = N M 9 ) OO O = N ™M < 1 © ~ 0 O
NV D A dddddo 49N Mg 0N O @« [RGB B B B B B B |
00000000 £ I3
R R R E R R E R R
AT A A A A AAATNANANANNANANNNTNDOMMMOHOMOOHOHOIT I I I
D.D.ELD_ELD.D.D.D.D.D.D.D_D.D.D.I&ID.D.G.Q.D.Q_D_D.D.D_D.
ElRlEREERERFREEEEEREEEREEREEEEEEE
(SR U | Ll | Ul | (A 1 Ll (| Ll | (N | = | o | = | X | Ko | o] | o} | Re | Kef | Xe] | Yo} | Vol | Vol | (Yo} | (Yol | Ko} | (Vo) | Ko} | Kol

P07/D7 <81 |
P06/D6 ~t—=[57 |
PO5/Ds ~-=[53 |
P04/D4 s34 |
P03/D3 ~-[55 |
P02/D2 ~at-[55 |
P01/D1 [T |

O

50| ~- P44/CS0O

79 <t~ P45/CS1

78] <& P46/CS2

47| ~a-m-P47/CS3
16| - P50/WRL/WR
45| - P51/ \WRH/BHE
44| - P52/RD

P00/Do ~t-m=[58] 73] - P53/BCLK
100N e 5 M306VOME-XXXFP ] < PoeOTD
P105/AN3 <a-=[3T] M306VOEEFP 0] ~-B= PS6/ALE
P104/AN2 <t-=[97 | B9] <= P57/RDY/CLKout
P103/AN1 <33 | 58] < P6o/CTSo/RTS0
P102/ANo ~-=[37| B7] <= P61/CLKo
P101/VSYNC ~a-[95 | 6] < P62/RxDo
AVss—[96 | B5] —=- P63/TxDo
P100/HSYNC ~-3[97 | B4] —»B
TVSETB—®=[38] B3| —»G
AVcc—m=97| B2] —®R
CVIN—I00 Q Q B1] <= P67/SDA2
el e elb-lelo el el bl kel el
QWL -JdozzzZWR ZEIFE®ZOAN|TCANT EO b0 & o o
S2335EaES23MsRSReE528282588
I SSEEEnzI QX 003 ad00FIBIEREL
20333 Oojx ® @ SESEaNS Y
[l N e] Qo oo as0a3 20 d 5
ses . T Eloogg
(NN
oo
Package: 100P6S-A
Figure 1.3.1 Pin configuration (top view)
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1.4 Block Diagram

Figure 1.4.1 is a block diagram.

i

.
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¥

}5

| I/O ports [ PortPO | [ PortP1 ] [ PortP2 | [ PortP3 | [ PortP4 | [ PortP5 | [ PortP6 |
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Internal peripheral functions System clock generator g. S
_____ Tmer A-D converter T Xin-Xoutr A *®
XCIN-XCcouT —
Timer TAO (16 bits)
Timer TAL (16 bits) S
Timer TA2 (16 bits) UART/clock synchronous SI/O UART [clock synchronous SI/O/ = -
. . simple 12C-BUS interface T IS
Timer TA3 (16 bits) @| |
Timer TA4 (16 bits) ] —
Timer TBO (16 bits) Data slicer
Timer TB1 (16 bits) OsD
Timer TB2 (16 bits)
HSYNC counter
M16C/60 series16-bit CPU core Memory
- Registers Program counter ROM _
Watchdog timer e e 192K
(15 bits) o TR L PC 1 Y -
R1H | RiL Vector table 5K ,% J*»
DMAC R 3 3
O
(2 channels) A0 Stack pointer —
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Figure 1.4.1 Block diagram
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1.5 Performance Outline
Table 1.5.1 is a performance outline.

Table 1.5.1 Performance outline

Iltem Performance
Number of basic instructions 91 instructions
Shortest instruction execution time 100 ns(f(XIN)=10 MHz)

Memory ROM 192K bytes
size RAM 5K bytes
OSD ROM 44K bytes
OSD RAM 1.7K bytes
I/O port PO to P10 8 bits 0 8,5 bits 0 2,4 bits 0 1
Multifunction | TAO, TAL, TA2, TA3, TA4 16 bits 0 5
timer TBO, TB1, TB2 16 bits 0 3
Serial /0 UARTO 1 unit: UART or clock synchronous
UART2 1 unit: UART, clock synchronous or simple 2C-BUS
interface
A-D converter 8 bits 0 6
D-A converter 8 bits 0 2

DMAC 2 channels (trigger: 21 sources)
OSD function Triple layer, 825 kinds of fonts, 42 character O 16 lines
Data slicer 32-bit buffer

HSYNC counter

8bits O 2 channel

Watchdog timer

15 bits O 1 (with prescaler)

Interrupt

20 internal and 3 external sources, 4 software sources, 7 levels

Clock generating circuit

3 built-in clock generation circuits

Power source voltage 4.5V to 5.5V (f(XIN) = 10 MHz)

Power consumption 250 mW
I/O I/O withstand voltage 5V
characteristics | Output current 5 mA
Memory expansion Available

-10°C to70°C
CMOS high performance silicon gate
100-pin plastic molded QFP

Operating ambient temperature
Device configuration
Package
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Currently supported products are listed below.

Table 1.5.2 List of supported products

Type No ROM capacity | RAM capacity Package type Remarks
M306VOME-XXXFP 192K bytes 5K bytes 100P6S-A Mask ROM version
M306VOEEFP 192K bytes 5K bytes 100P6S-A One Time PROM version
M306VOEEFS 192K bytes 5K bytes 100D0 EPROM version

Note: Since EPROM version is for development support tool (for evaluation), do not use for mass produc-
tion.
Type No. M306VOM E — XXX EP
L Package type:
FP :Package 100P6S-A
FS :Package 100DO
ROM No.

Omitted for One Time PROM version
and EPROM version

ROM capacity:

: 8K bytes

: 16K bytes
: 24K bytes
: 32K bytes
: 40K bytes
: 48K bytes

OO~ WNE

Memory type:

moO>»w©oow-~

: 56K bytes
: 64K bytes
: 80K bytes
: 96K bytes
: 128K bytes
: 160K bytes
: 192K bytes

M : Mask ROM version

E : One Time PROM version or EPROM

version

Shows RAM capacity, pin count, etc
(The value itself has no specific meaning)

M16C/6V Group

M16C Family

Figure 1.5.1 Type No., memory size, and package
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Table 1.5.3 Pin description (1)

Pin name Signal name I/O type Function
vce, Vss iFr’]%"lJ’ter supply Supply 4.5V t0 5.5 V to the Vcc pin. Supply 0 V to the Vss pin.
CNVss CNVss Input This pin switches between processor modes. Connect it to the
Vss pin when operating in single-chip or memory expansion mode.
Connect it to the Vcc pin when in microprocessor mode.

RESET Reset input Input A “L” on this input resets the microcomputer.

XIN Clock input Input These pins are provided for the main clock generating circuit. Connect

lock a ceramic resonator or crystal between the XiN and the XouT pins. To

Xout Clock output | Output use an externally derived clock, input it to the XIN pin and leave the

XouT pin open.

BYTE External data | Input This pin selects the width of an external data bus. A 16-bit width is
bus width selected when this input is “L”; an 8-bit width is selected when this
select input input is “H”. This input must be fixed to either “H” or “L". When

operating in single-chip mode,connect this pin to Vss.

Avcc Analog power This pin is a power supply input for the A-D converter. Connect this
supply input pin to Vcc.

AVss Analog power This pin is a power supply input for the A-D converter. Connect this
supply input pin to Vss.

P00 to PO7 I/O port PO Input/output This is an 8-bit CMOS /O port. It has an input/output port direction

register that allows the user to set each pin for input or output

individually. When set for input in single-chip mode, the user can specify in

units of four bits via software whether or not they are tied to a pull-up resistor.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, In memory expansion and microprocessor modes, the user cannot specify that.

Do to D7 Input/output | When set as a separate bus, these pins input and output data (Do—D7).

Ploto P17 1/O port P1 Input/output | This is an 8-bit I/O port equivalent to PO.

Ds to D15 Input/output | When set as a separate bus, these pins input and output data (Ds-D15).

P20 to P27 1/O port P2 Input/output | This is an 8-bit I/O port equivalent to PO.

Ao to A7 Output These pins output 8 low-order address bits (Ao—A7).

Ao/Do to Input/output | If the external bus is set as an 8-bit wide multiplexed bus, these pins

A7/D7 input and output data (Do—D7) and output 8 low-order address bits
(A0—A7) separated in time by multiplexing.

Ao Output If the external bus is set as a 16-bit wide multiplexed bus, these pins

A1/Doto A7/Dé Input/output | input and output data (Do—Ds) and output address (A1—-A7) separated

in time by multiplexing. They also output address (Ao).

P30 to P37 1/0 port P3 Input/output | This is an 8-bit /O port equivalent to PO.

As to A15 Output These pins output 8 middle-order address bits (As—A15).

As/D7, Input/output | If the external bus is set as a 16-bit wide multiplexed bus, these pins

Ag to A15 Output input and output data (D7) and output address (A8) separated in time
by multiplexing. They also output address (A9—A15).

P40 to P47 1/0 port P4 Input/output | This is an 8-hit I/O port equivalent to PO.

CSoto CS3, Output These pins output CSo—CS3 signals and A16—A19. CSo—CS3 are chip

A16 to A19 Output select signals used to specify an access space. A16—A19 are 4 high-
order address bits.
Rev. 1.0
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Table 1.5.4 Pin description (continued) (2)
Pin name Signal name 1/0 type Function

P50 to P57 1/0 port P5 This is an 8-bit I/O port equivalent to PO. In single-chip mode, P57 in
this port outputs a divide-by-8 or divide-by-32 clock of XiN or a clock of
Input/output the same frequency as XCIN as selected by software.

WRL / WR, Output Output WRL, WRH (WR and BHE), RD, BCLK, HLDA, and ALE

WRH / BHE, Output signals. WRL and WRH, and BHE and WR can be switched using

RD, Output software control.

BCLK, Output Bl WRL, WRH, and RD selected

HLDA, Output With a 16-bit external data bus, data is written to even addresses

HOLD, Input when the WRL signal is “L” and to the odd addresses when the WRH
signal is “L". Data is read when RD is “L".

ALE, Output B WR, BHE, and RD selected -

RDY Input Data is written when WR is “L”. Data is read when RD is “L". Odd

addresses are accessed when BHE is “L”. Use this mode when using
an 8-bit external data bus.

While the input level at the HOLD pin is “L”, the microcomputer is
placed in the hold state. While in the hold state, HLDA outputs a “L”
level. ALE is used to latch the address. While the input level of the
RDY pin is “L”, the microcomputer is in the ready state.

P60 to P63, I/O port P6 Input/output | This is an 5-bit I/O port equivalent to PO. When set for input in single-chip,

P67 microprocessor and memory expansion modes, the user can specify in units of
four bits via software whether or not they are tied to a pull-up resistor. Pins in
this port also function as UARTO and UART?2 pins as selected by software.

P70to P77 I/O port P7 Input/output | This is an 8-bit I/O port equivalent to P6 (P70 and P71 are N-channel
open-drain output). Pins in this port also function as timers A2 and A3,
UART2, or HsyNC counter 1/O pins as selected by software.

P82, P83, 1/O port P8 Input/output | P82, P83, P86 and P87 are I/O ports with the same functions as P6.

P86, P87 Using software, P82 and P83 can be made to function as the I/O pins for
the input pins for external interrupts. P86 and P87 can be set using
software to function as the I/O pins for a sub clock generation circuit. In
this case,connect a quartz oscillator between P86 (XcouT pin) and P87
(XCIN pin).

P90 to P94 1/0 port P9 Input/output | This is an 5-bit I/O port equivalent to P6. Pins in this port also function
as Timer BO to B2 input pins, or D-A converter output pins.

P100 to P107 | I/O port P10 Input/output | This is an 8-bit I/O port equivalent to P6. Pins in this port also function
as A-D converter input pins. Furthermore, P100 and P101 also function
as input pins for OSD function.

R, G, B OSD output Output These are OSD output pins (analog output).
OUT1, OUT2 | OSD output Output These are OSD output pins (digital output).
0OSscC1 Clock input Input This is an OSD clock input pin.

for OSD
0SC2 Clock output | Output This is an OSD clock output pin.

for OSD
CVIN IIQ for data Input Input composite video signal through a capacitor.
VHOLD slicer Input Connect a capacitor between VHoOLD and Vss.
HLF Input/output Connect a filter using of a capacitor and a resistor

between HLF and Vss.

TVSETB Test input Input This is a test input pin. Fix it to “L.”
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2. OPERATION OF FUNCTIONAL BLOCKS
This microcomputer accommodates certain units in a single chip. These units include ROM and RAM to
store instructions and data and the central processing unit (CPU) to execute arithmetic/logic operations.
Also included are peripheral units such as timers, serial I/0, D-A converter, DMAC, OSD circuit, data slicer,
A-D converter, and 1/O ports.
The following explains each unit.

2.1 Memory

Figure 2.1.1 is a memory map. The address space extends the 1M bytes from address 0000016 to
FFFFF16. From FFFFF16 down is ROM. There is 192K bytes of internal ROM from D000016 to FFFFF16.
The vector table for fixed interrupts such as the reset mapped to FFFDC16 to FFFFF16. The starting ad-
dress of the interrupt routine is stored here. The address of the vector table for timer interrupts, etc., can be
set as desired using the internal register (INTB). See the section on interrupts for details.
5K bytes of internal RAM is mapped to the space from 02C0016 to 03FFF16. In addition to storing data, the
RAM also stores the stack used when calling subroutines and when interrupts are generated.
The SFR area is mapped to 0000016 to 003FF16. This area accommodates the control registers for periph-
eral devices such as I/O ports, A-D converter, serial I/0, and timers, etc. Figures 2.1.2 to 2.1.5 are location
of peripheral unit control registers. Any part of the SFR area that is not occupied is reserved and cannot be
used for other purposes.
The special page vector table is mapped to FFEOO16 to FFFDB16. If the starting addresses of subroutines
or the destination addresses of jumps are stored here, subroutine call instructions and jump instructions
can be used as 2-byte instructions, reducing the number of program steps.
In memory expansion mode and microprocessor mode, a part of the spaces are reserved and cannot be
used. The following spaces cannot be used.

» The space between 0100016 and 02BFF16 (in memory expansion and microprocessor modes)

 The space between B000016 and CFFFF16 (in memory expansion mode)

Rev. 1.0
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0000016

003FF16
0040016

O0FFF16
0100016

02BFF16
02C0016

03FFF16
0400016

8FFFF16
9000016

AFFFF16
B000016

CFFFF16
DO000016

FFFFF16

SFR area
(Refer to Figures 2.1.2 t0 2.1.5)

OSD RAM area

Internal reserved
area (See note 1)

Internal RAM area

External area

OSD ROM area

Internal reserved
area (See note 2)

Internal ROM area

FFEO0O16

FFFDC16

FFFFF16

Special page
vector table

Undefined instruction

Overflow

BRK instruction

Address match

Single step

Watchdog timer

DBC

Reset

Notes 1: During memory expansion and microprocessor modes, cannot be used.
2: During memory expansion mode, cannot be used.

Figure 2.1.1 Memory map
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000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B16
000C16
000D16
000E16
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001A16
001B1s
001C16
001D16
001E16
001F16
002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16

Processor mode reqister 0 (PMO)

Processor mode register 1(PM1)
Bystem clock control register 0 (CMO

Eystem clock control reqgister 1 (CM1

hip select control register (CSR
ddress match interrupt enable register (AIER)

Protect register (PRCR)

Watchdog timer start register (WDTS)

Watchdog timer control register (WDC)

Address match interrupt register 0 (RMADO)

Address match interrupt register 1 (RMAD1)

DMAO source pointer (SARO)

DMAQO destination pointer (DARO)

DMAO transfer counter (TCRO)

DMAO control register (DMOCON)

DMAZ1 source pointer (SAR1)

DMAL destination pointer (DAR1)

DMAL transfer counter (TCR1)

DMA1 control register (DM1CON]

004016
004116
004216
004316
004416 | OSD1 interrupt control register (OSD1IC)
004516 | |nterrupt control reserved register 0 (REOIC
004616 | |nterrupt control reserved register 1 (RE1IC
004715 | Interrupt control reserved register 2 (RE2IC
004816 | OSD?2 interrupt control register (OSD2IC)
004916 nter“ww%
004A1s | Bus collision detection interrupt control register (BCNIC
004B1s | DMAO interrupt control register (DMOIC)
oo4cis | DMAL interrupt control register (DM1I1C)
0o04p1s | |nterrupt control reserved register 5 (RESIC]
004E16 | A-D conversion interrupt control register (ADIC
004F1s | JART2 transmit interrupt control register (S2TIC)
005016 | JART?2 receive interrupt control register (S2RIC)
005116 | JARTO transmit interrupt control register (SOTIC)
005216 | |JARTO receive interrupt control register (SORIC)
005316 | Data slicer interrupt control register (DSIC)
005416 | l/syNC interrupt control register (VSYNCIC)
005516 | [Timer AO interrupt control register (TAOIC)
005616 | [Timer Al interrupt control register (TA1IC)
005716 | [Timer A2 interrupt control register (TA2IC)
005815 | [Timer A3 interrupt control register (TA3IC)
005916 | [Timer A4 interrupt control register (TA41C)
005A16 | [Timer BO interrupt control register (TBOIC)
005B1s | [Timer B1 interrupt control register (TB11C)
005C16 | [Timer B2 interrupt control register (TB2IC)
00s5D1s | |NTO interrupt control register (INTOIC)
005E16 | JNT1 interrupt control register (INT1IC)
00sFis | |nterrupt control reserved register 4 (RE4IC]
006016

A A
01FF16

Figure 2.1.2 Location of peripheral unit control registers (1)
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020016
020116
020216
020316

[OSD control register 1 (OC1

[JOSD control register 2 (OC2

024016

024118 [| Color palette register 1 (CR1)

024215 [ Color palette register 2 (CR2)

024315 [ Color palette register 3 (CR3)

12

020416 [~ Horizontal position register (HP) 024416 [T Color palette register 4 (CR4)
020516 [~ [Clock control register (CS) 024516 [| Color palette register 5 (CR5)
020616 [ I/O polarity control register (PC) 024615 [ Color palette register 6 (CR6)
020716 [ |OSD control register 3 (OC3] 024718 [T Color palette register 7 (CR7)
020816 | |Raster color register (RSCJ 024816
020916 024916 [T Color palette register 9 (CR9)
020A16 024A16 (| Color palette register 10 (CR10
020B1s 024B1s|| Color palette register 11 (CR11
020C16 - 024Cs(| Color palette register 12 (CR12
020016 | |TOP border control register (TBR) 024015 Color palette register 13 (CR13
020E16 ) 024€16 [ Color palette register 14 (CR14
020F1s | BOttom border control register (BBR 02415 [ Color palette register 15 (CR15
021016 fock control register 1 (BCI) 025016 -
021116 [~Block control register 2 (BC2) 025116 | I-€ft border control register (LBR)
021216 Tock control register 3 (BC3) 025216 | | . .
02131 ["|Block control register 4 (BC4) 025316 | Right border control register (RBR
021416 Tock control register 5 (BC5) 025416 - — -
021516 Tock control Tegister 6 (BC6) 025516 | PPRITE vertical position register (VS
021616 Tock control register 7 (BC7) 025616 ! —
021716 Tock control register 8 (BCB) 025716 | SPRITE horizontal position (HS)
021816 | Block control register 9 (BC9) 025816 "EPRITE OSD control register (SC)
021916 | |Block control register 10 (BC10) 025916
021A16 | Block control register 11(BC11) 025A16
021B1s Tock control register 12 (BC12) 025B16
021C1s | |Block control register 13 (BC13) 025C16
021015 [ [Block control register 14 (BC14) 025D16) [OSD reserved register 1 (OR1)
021E1s | |Block control register 15 (BC15) 025Ezs
021F16 [ Block control register 16 (BC16) 025F1s| OSD control register 4 (OC4)
022016 . — - 026016 | Data slicer control register 1 (DSC1
022116 | |V€rtical position register 1 (VP1) 026115 | Data slicer control register 2 (DSC2
022216 i . . 026216 ) )
022316 Vertical position register 2 (VP2) 026316 Caption data register 1 (CD1)
022416 . ", . 026416 i j
o0a2s6 | [Vertical position register 3 (VP3) oses.. | Caption data register 2 (CD2)
022616 ] N ] 026616 | [Caption position register (CPS)
o227 | |Vertical position register 4 (VP4) 026715 | [Data slicer reserved register 2 (DR2
022816 . " . 026816 | Data slicer reserved register 1 (DR1
022016 | |Vertical position register 5 (VP5) 026915 [ [Tock Tomam detectTegster (CRD
022A16 026A16
omey | MVertical position register 6 (VP6) ooem | R2a-clock position register (DPS
022C1s . . i
022016 | [Vertical position register 7 (VP7)
022E16 i . .
022r16 | [Vertical position register 8 (VP8) ~ ~
023016 . . )
023116 | |Vertical position register 9 (VP9)
023216 . - .
023316 Vertical position register 10 (VP10
023416 ) N ] 027A16
023516 | |Vertical position register 11 (VP11 027815 JOSD reserved register 3 (OR3
023616 : - . 027Cis| [OSD reserved register 2 (OR2
023716 Vertical position register 12 (VP12 027D15| Peripheral mode register (PM)
023816 ) N ) 027€16| [HSYNC counter register (HC)

Vertical position register 13 (VP13
023916 P 9 ( 027F16| HSYNC counter latch
023A16 \ertical " . 028016
023816 ertical position register 14 (VP14
023C16 . ; .
023D16 Vertical position register 15 (VP15 ~ ~
023E16 . " .
023F16 Vertical position register 16 (VP16

033F16
Figure 2.1.3 Location of peripheral unit control registers (2)
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034016 | Reserved register 1 (INVC1) 038016 ount start flag (TABSR)

034116 038116 | [lock prescaler reset flag (CPSRF)
034216 038216 | Dne-shot start flag (ONSF)

034316 038316 wter (TRGSR)

034416 038416 Up-down flaa (UDE)

034516 038516

034616 038616 - -

034716 038715 Timer AO register (TAO

034816 | Reserved register 0 (INVCO) 038816 ) .

034916 038915 Timer Al register (TA1

034A16 038A16 ) )

034B16 038B15 Timer A2 register (TA2

034C16 038Ci6 ) .

034D1s 038D16 Timer A3 register (TA3

034E16 038E16 ) )

034F 15 038F16 Timer A4 register (TA4

035016 039016 - -

035116 039116 Timer BO register (TBO

035216 039216 . .

035316 039315 Timer B1 register (TB1

035416 039416 . .

035516 039515 Timer B2 register (TB2

035616 039616 | [Timer AO mode register (TAOMR)
035716 039716 | [Timer A1 mode register (TAIMR)
035816 039816 | [Timer A2 mode register (TA2MR)
035916 039916 | [Timer A3 mode register (TASMR)
035A16 039A1s | [Timer A4 mode register (TAAMR
035B16 039816 | [Timer BO mode register (TBOMR
035C16 o39cis | [Timer B1 mode register (TB1IMR
035D16 039D16 | [Timer B2 mode register (TB2MR
035E16 039E16

03sF1s | Interrupt request cause select register (IFSR) 039F16

036016 03A016 | [JARTO transmit/receive mode register (UOMR)
036116 03A116 | JARTO bit rate generator (UJOBRG
036216 | Reserved register 3 (INVC3) 03A216

036316 o03az1s | WARTO transmit buffer register (UOTB)
036416 03a416 | [JARTO transmit/receive control register 0 (UOCO]
036516 03A516 | [JARTO transmit/receive control register 1 (UOC1])
036616 | Reserved register 4 (INVC4) 03A616 _ i

036716 03a71s | UARTO receive buffer register (UORB)
036816 03a81s | Reserved register 2 (INVC2)

036916 03A916

036A16 03AA16

036B16 03AB16

036C16 03AC16

036D16 03AD16

036E16 03AE16

036F16 03AF16

037016 038016 | JART transmit/receive control register 2 (UCON)
037116 03B1l16

037216 03B216

037316 03B316

037416 03B416

037516 03B516

037616 | Reserved register 5 (INVC5) 03B616

037716 | [UART2 special mode reqister (U2SMR) 03B716

037816 | UART? ransmit/receive mode reqister (U2MR) 038816 | DMAO request cause select register (DMOSL)
037916 | [JART2 bit rate generator (U2BRG) 03B916

037A16 03BA1s | DMAL request cause select reqister (DM1SL)
037815 | JART2 transmit buffer register (U2TB) 03BB1s

037C1s | [JART? transmit/receive control register 0 (U2C0J 03BCs

037D1s | [JARTZ fransmit/receive control register 1 (U2C1) 03BD16

037E16 . . 03BE16

037F15 UART2 receive buffer register (U2RB) 03BF16

Figure 2.1.4 Location of peripheral unit control registers (3)
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03C016
03C11e
03C216
03C316
03C416
03C516
03C616
03C716
03C816
03C916
03CA16
03CB16
03CCis
03CD16
03CE16
03CF1s
03D016
03D116
03D216
03D316
03D416
03D516
03D616
03D716
03D816
03D916
03DA16
03DB16
03DC16
03DD16
03DE16
03DF16
03E016
03El16
03E216
03E316
03E416

03E616
03E716
03E816
03E916
03EA16
03EB16
03EC16
03ED16
03EE16
03EF16
03F016
03F116
03F216
03F316
03F416
03F516
03F616
03F716
03F816
03F916
03FA16
03FB16
03FC1s
03FD1s
03FE16
03FF16

A-D register 0 (ADO)

A-D register 1 (AD1)

A-D register 2 (AD2)

A-D register 3 (AD3)

A-D register 4 (AD4)

A-D register 5 (AD5)

A-D control register 2 (ADCON2)

A-D control register 0 (ADCONO)

A-D control register 1 (ADCON1)

D-A register 0 (DAO)

D-A register 1 (DA1)

D-A control register (DACON)

Port PO register (P0)

Port P1 register (P1)

Port PO direction register (PD0O)

Port P1 direction register (PD1)

Port P2 register (P2

03E516 | |

Port P2 direction register (PD2)

Port P3 direction register (PD3)

Port P4 register (P4)

Port P5 register (P5)

Port P4 direction register (PD4

Port P5 direction register (PD5)

Port P6 register (P6

ort P7 reqister (P7

Port P6 direction register (PD6)

| Port P7 direction reqister (PD7)

Port P8 register (P8)

Port P9 register (P9)

Port P8 direction register (PD8)

Port P9 direction register (PD9)

Port P10 register (P10)

Port P10 direction reaister (PD10)

Pull-up control register 0 (PURO)

Pull-up control register 1 (PUR1)

|_Pull-up control register 2 (PUR2

Port control register (PCRY

Figure 2.1.5 Location of peripheral unit control registers (4)
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2.2 Central Processing Unit (CPU)

The CPU has a total of 13 registers shown in Figure 2.2.1. Seven of these registers (RO, R1, R2, R3, A0,
Al, and FB) come in two sets; therefore, these have two register banks.

RO(Note)

R 1(Note)

R2(Note)

R3(Note)

AQ(Note)

A1 (Note)

FB(Note)

b15

—T

b15

T

b15

b15

b15

b15

b15

bo b19 b0
n PC | | Program counter
| I I | I I |
Data
registers
b0 b19 bo
INTB| H | L | Interrupt table
11 [ Litii 111111 register
bo b15 b0
|-| usP | | User stack pointer
| / L1l Ll
bo b15 b0
ISP | | Interrupt stack
,H 111 il 1111 pointer
Address
b0 registers b15 b0 Static b
SB tatic base
,H |||| |||||||||||register
bo b15 bo
Frame base FLG | | Flag register
| reglsters . 111 I T Y O O B I | |
- 1
’,’ 1
’,’ 1
- 1
L[y [u[1[o]s]s[z[p[c]
I I

Note: These registers consist of two register banks.

Figure 2.2.1 Central processing unit register

Rev. 1.0

~

MITSUBISHI
ELECTRIC

15



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

2.2.1 Data registers (RO, ROH, ROL, R1, R1H, R1L, R2, and R3)
Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and
arithmetic/logic operations.
Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH/R1H),
and low-order bits as (ROL/R1L). In some instructions, registers R2 and RO, as well as R3 and R1 can
use as 32-bit data registers (R2R0O/R3R1).

2.2.2 Address registers (A0 and Al)

Address registers (A0 and Al) are configured with 16 bits, and have functions equivalent to those of data
registers. These registers can also be used for address register indirect addressing and address register
relative addressing.
In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1AO0).
2.2.3 Frame base register (FB)
Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing.
2.2.4 Program counter (PC)

Program counter (PC) is configured with 20 bits, indicating the address of an instruction to be executed.
2.2.5 Interrupt table register (INTB)

Interrupt table register (INTB) is configured with 20 bits, indicating the start address of an interrupt vector
table.

2.2.6 Stack pointer (USP/ISP)
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config-
ured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by a stack pointer select flag (U flag).
This flag is located at the position of bit 7 in the flag register (FLG).

2.2.7 Static base register (SB)
Static base register (SB) is configured with 16 bits, and is used for SB relative addressing.

2.2.8 Flag register (FLG)

Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 2.2.2 shows the flag
register (FLG). The following explains the function of each flag:
« Bit 0: Carry flag (C flag)
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
« Bit 1: Debug flag (D flag)
This flag enables a single-step interrupt.
When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is
cleared to “0” when the interrupt is acknowledged.
« Bit 2: Zero flag (Z flag)
This flag is set to “1” when an arithmetic operation resulted in O; otherwise, cleared to “0”.
« Bit 3: Sign flag (S flag)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared to “0".
« Bit 4: Register bank select flag (B flag)
This flag chooses a register bank. Register bank 0 is selected when this flag is “0” ; register bank 1 is
selected when this flag is “1".
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« Bit 5: Overflow flag (O flag)
This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “0”.

* Bit 6: Interrupt enable flag (I flag)
This flag enables a maskable interrupt.
An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1”. This flag is cleared to
“0” when the interrupt is acknowledged.

* Bit 7: Stack pointer select flag (U flag)
Interrupt stack pointer (ISP) is selected when this flag is “0” ; user stack pointer (USP) is selected
when this flag is “1”.
This flag is cleared to “0” when a hardware interrupt is acknowledged or an INT instruction of software
interrupt Nos. 0 to 31 is executed.

* Bits 8 to 11: Reserved area

* Bits 12 to 14: Processor interrupt priority level (IPL)
Processor interrupt priority level (IPL) is configured with three bits, for specification of up to eight
processor interrupt priority levels from level O to level 7.
If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt
is enabled.

* Bit 15: Reserved area

The C, Z, S, and O flags are changed when instructions are executed. See the software manual for
details.

b15 b0
[T PL T, ~|u|1]o|B[s]|z]|p[c| Flagregister (FLG)
__ carnryflag
L Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priot

Reserved area

Figure 2.2.2 Flag register (FLG)
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2.3 Reset

There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset.
(See “Software Reset” for details of software resets.) This section explains on hardware resets.

When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the
reset pin level “L” (0.2Vcc max.) for at least 20 cycles. When the reset pin level is then returned to the “H”
level while main clock is stable, the reset status is cancelled and program execution resumes from the
address in the reset vector table.

Figure 2.3.1 shows the example reset circuit. Figure 2.3.2 shows the reset sequence.

5V
4.0V
Vcc
ov
RESET vce 5V
RESET

; ov

Example when f(XIN) = 10 MHz and Vcc = 5V.

Figure 2.3.1 Example reset circuit

2.3.1 Software Reset

Writing “1” to bit 3 of the processor mode register 0 (address 000416) applies a (software) reset to the
microcomputer. A software reset has almost the same effect as a hardware reset. The contents of internal
RAM are preserved.
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xie AT A O~
- *'More than 20 cycles are needed
Microprocessor
mode BYTE = “H”
RESET __ | BCLK 24cycles
o B L
=1 O I S \ «
Content of reset vector
h 4
Address FFFFCis | FFFFD1s | FFFFE1s )
RD [ 1 [ 1 L
WR
CS0 A
Microprocessor
mode SYTE — Content of reset vector
Address FFFFC1s FFFFE16 ) )
RD [ 1 I
WR
CS0 {
Single chip FFFFCi6 Content of reset vector
mode
Y
Address X FFFFE16 X X
Figure 2.3.2 Reset sequence
Rev. 1.0
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2.3.2 Pin Status When RESET Pin Level is “L”
Table 2.3.1 shows the statuses of the other pins while the RESET pin level is “L". Figures 2.3.3 and 2.3.4
show the internal status of the microcomputer immediately after the reset is cancelled.

Table 2.3.1 Pin status when RESET pin level is “L”

Status
Pin name CNVss = Vcc
CNVss = Vss
BYTE =Vss BYTE =Vcc
PO Input port (floating) Data input (floating) Data input (floating)
P1 Input port (floating) Data input (floating) Input port (floating)
P2, P3, P40 to P43 | Input port (floating) Address output (undefined) Address output (undefined)
P44 Input port (floating) CS0 output (“H” level is output) | CSO output (“H” level is output)
P4s to P47 Input port (floating) Input port (floating) Input port (floating)
(pull-up resistor is on) (pull-up resistor is on)

P50 Input port (floating) WR output (“H” level is output) | WR output (“H” level is output)
P51 Input port (floating) BHE output (undefined) BHE output (undefined)
P52 Input port (floating) RD output (“H” level is output) | RD output (“H” level is output)
P53 Input port (floating) BCLK output BCLK output

. HLDA output (The output value | HLDA output (The output value
P54 Input port (floating) depends on the input to the depends on the input to the

HOLD pin) HOLD pin)

P55 Input port (floating) HOLD input (floating) HOLD input (floating)
P56 Input port (floating) ALE output (“L” level is output) | ALE output (“L” level is output)
P57 Input port (floating) RDY input (floating) RDY input (floating)
P60 to P63, P67,
P7, P82, P83, Input port (floatin Input port (floatin Input port (floatin
pgs, pay, po. P10 | PP ( 9) put port ( 9) put port ( 9)
R, G, B, OUT1, Output port
ouT2
CVIN, VHOLD, Input/output port
HLF
0OsC1 Input port
osc2 Output port
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Processor mode register 0 (Note) (000416)--- OSD control register 1 (020216)--

Processor mode register 1 (000516)--- OSD control register 2 (020316)--

System clock control register 0 (000616)--- Horizontal position register (020416)-+-

System clock control register 1 (00071¢)--[ 2016 | Clock control register (020516)---

Chip select control register (00081)--[  Olie | 1/0 polarity control register (02061¢)--[ 1] O] O] O[]0 0] 0]

égggfesfegg‘fe’; interrupt (000916) - [IRIOT 0] 0SD control register 3 (020716)--

Protect register (000A16)- XXX 0 0] 0] Raster color register (020816)---

Watchdog timer control register (000F15)--- Left border control register (025016)--

Address match interrupt register 0 (001016)--- (025116)“'
(001116),,, Right border control register (025215)...
(001216)-- (XX 0] 0] 0] O] (025316)-- XXX O] 0]0]

Address match interrupt register 1 (001416)--- SPRITE horizontal position register 2 (025716)"'
(015169)-[ 00 ] SPRITE OSD control register (025816)--[XX[X[[0] 0] 00]0]
(001616)- [XIX]0] 0] 9] 0SD control register 4 (025F16)-- XXX 0]0]

DMAO control register (002C15)--[0]0[ 0] 0] 0] ?]0[ O] OSD reserved register 1 (025D16)--

DMAL control register (003C16)--- Data slicer control register 1 (026015)---

0SD1 interrupt control register (004416)--- Data slicer control register 2 (026116)-[2[0[?[0]?]?[0]?]

0OSD2 interrupt control register (004816)--- Caption position register (026616)--[0] 0] 2] 0] 0] 0] O] 0]

(I?gr?trcoolllri;;gtg:etection interrupt (004A16)--- Data slicer reserved register 2 (026716)--

DMAO interrupt control register (004B16)-~ XXX [0 0] O] Data slicer reserved register 1 (026816)--

DMAL interrupt control register (004016)--- Clock run-in detect register (026916)--[ 0016 ]

::\élr?trco?r:\elgli’:tlgp interrupt (004E16)--- Data clock position register (025/.\15)...

gﬁ;ﬁggﬁg" interrupt (004':16)"' OSD reserved register 3 (027B16)--

gﬁﬂ,.zrfgcig\éf interrupt (005015)'“ OSD reserved register 2 (027C16)-

g(ﬁ]lt?rg?rtergir;glt. nterrupt (005116)-4- Peripheral mode register (027[)16)..‘

gﬁﬁ;ﬂ;‘;ﬁg‘gf interrupt (005216)- [ 2[0]0] 9] HsYNC counter register (027Es6)- [ O[O P 0] 9]

Data slicer interrupt control register (005315)---

VsYNC interrupt control register (005416).4.

Timer AQ interrupt control register (005515)---

Timer Al interrupt control register (005615)---

Timer A2 interrupt control register (005716)“-

Timer A3 interrupt control register (005816)---

Timer A4 interrupt control register (005915)---

Timer BO interrupt control register (005A16)---

Timer B1 interrupt control register (005816)---

Timer B2 interrupt control register (005015)---

INTO interrupt control register (005D16)---

INT1 interrupt control register (005E16)---

The content of other registers and RAM is undefined when the microcomputer is reset. The initial values

X : Nothing is mapped to this bit

? : Undefined

must therefore be set.

Note: When the Vcc level is applied to the CNVSS pin, it is 0316 at a reset.

Figure 2.3.3 Device’s internal status after a reset is cleared (1)

Rev. 1.0

g MITSUBISHI
ELECTRIC 21



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

Reserved register 1 (034016)-+ ﬂﬂ . A-D control register 0 (03D616)-+ mmﬂm.
Reserved register 0 (034816)-+ 0016 A-D control register 1 (03D716)-+ 0016
Interrupt request cause select register (035F16)-- 0016 D-A control register (03DC1s6)-+ 0016
Reserved register 3 (036216)- 4016 Port PO direction register (03E216)-- 0016
Reserved register 4 (036616)- 4016 Port P1 direction register (03E3416)-- 0016
Reserved register 5 (037616)-- 0016 Port P2 direction register (03E616)- - 0016
UART2 special mode register (037716)--- 0016 Port P3 direction register (03E716)-- 0016
UART2 transmit/receive mode register (037816)-- 0016 Port P4 direction register (03EAIs)- 0016
UART2 transmit/receive control register 0  (037Cas)- 0816

Port P5 direction register (0O3EB16)-+ 0016

UART2 transmit/receive control register 1 ~ (037Dz16)-- 0216
Port P6 direction register (0O3EE16)-+ 0016

Count start flag (038016)-+- 0016
Clock prescaler reset flag (038116)--- }X{}X{}X{}X{}X{}X{}X{

One-shot start flag (038216)--[0[0 ][ 0]0]0]

Trigger select register (038316)-+ 0016

Port P7 direction register (0O3EF16)- 0016

Port P8 direction register (03F216)-- E}X{ﬂﬂmm

Port P9 direction register (03F316)- 0016

Port P10 direction register (03F616)- 0016
Up-down flag (038416)--+ 0016
Pull-up control register 0 (03FCzs)-+ 0016
Timer AO mode register (039616)-+ 0016
Pull-up control register 1(Note)  (03FDzs)--- 0016
Timer A1 mode register (039716)-- 0016
Pull-up control register 2 (O3FEz1s)-- 0016
Timer A2 mode register (039816)-- 0016 )

Port control register (03FF16)-- 0016

Timer A3 mode register (039916)--- 0016 Data registers (RO/R1/R2/R3) 000016
Timer A4 mode register (039A16)--- 0016 Address registers (A0/AL) 000016
Timer BO mode register (039B16)--[0] 0] ?[X]0]0]0] Frame base register (FB) 000016
[o]2[X]o]o]o]

Timer B2 mode register (039D1s)--[0] 0] ][ 0]0]0] User stack pointer (USP) 000016

UARTO transmit/receive mode register (03A016)--- 0016 Interrupt stack pointer (ISP) 000016

Timer B1 mode register (039C16)-- Interrupt table register (INTB) 0000016

UARTO transmit/receive control register 0 (03A416)-- 0816 Static base register (SB) 000016

[=] [~]

UARTO transmit/receive control register 1 ~ (03A516)-- 0216 Flag register (FLG) 000016
Reserved register 2 (03A816)-- 0016

UART transmit/receive control register 2 (03B01s)--- }X{mﬂmnﬂﬂ

DMAO request cause select register (03B816)-- 0016

DMAL1 request cause select register (03BA16)-- 0016

[o]o]o]?[[7]

A-D control register 2 (03D416)--

x : Nothing is mapped to this bit
? : Undefined

The content of other registers and RAM is undefined when the microcomputer is reset. The initial values
must therefore be set.

Note: When the Vcc level is applied to the CNVSs pin, it is 0216 at a reset.

Figure 2.3.4 Device’s internal status after a reset is cleared (2)
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2.4 Processor Mode

2.4.1 Types of Processor Mode
One of three processor modes can be selected: single-chip mode, memory expansion mode, and micro-
processor mode. The functions of some pins, the memory map, and the access space differ according to
the selected processor mode.
(1) Single-chip mode
In single-chip mode, only internal memory space (SFR, OSD RAM, internal RAM, and internal ROM)
can be accessed. Ports PO to P10 can be used as programmable I/O ports or as 1/O ports for the
internal peripheral functions.
(2) Memory expansion mode
In memory expansion mode, external memory can be accessed in addition to the internal memory
space (SFR, OSD RAM, internal RAM, and internal ROM).
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The
number of pins assigned to these functions depends on the bus and register settings. (See “2.4.3 Bus
Settings” for details.)
(3) Microprocessor mode
In microprocessor mode, the SFR, OSD RAM, internal RAM, and external memory space can be
accessed. The internal ROM area cannot be accessed.
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The
number of pins assigned to these functions depends on the bus and register settings. (See “2.4.3 Bus
Settings” for details.)

2.4.2 Setting Processor Modes
The processor mode is set using the CNVss pin and the processor mode bits (bits 1 and 0 at address
000416). Do not set the processor mode bits to “102”".
Regardless of the level of the CNVss pin, changing the processor mode bits selects the mode. Therefore,
never change the processor mode bits when changing the contents of other bits. Also do not attempt to
shift to or from the microprocessor mode within the program stored in the internal ROM area.
(1) Applying VSS to CNVSS pin
The microcomputer begins operation in single-chip mode after being reset. Memory expansion mode
is selected by writing “012” to the processor mode is selected bits.
(2) Applying VCC to CNVSS pin
The microcomputer starts to operate in microprocessor mode after being reset.
Figures 2.4.1 and 2.4.2 show the processor mode register 0 and 1.
Figure 2.4.3 shows the memory maps applicable for each of the modes.
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Processor mode register O (Note 1)

Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl bO
| | | | | | | | | PMO 000416 0016 (Note 2)
oo v [ Bit symbol Bit name Function RIW
R R f b1 b0 [
A PMOO Processor mode bit 00: Single-chip mode 00
R - 0 1: Memory expansion mode i
. 1 0: Inhibited |
e PMO1 !
. ° 1 1: Microprocessor mode 00
oo PMO2 R/W mode select bit 0:RD,BHE,WR O o
[ 1 : RD,WRH,WRL !
PMO3 Software reset bit The device is reset when this bit is set !
H  COOORREEEE to “1”. The value of this bit is “0" when |O:O
Voo read.
R : b5 b4 T
E SRREEELLEEEEE PMo4 MlIJItuilte).);ed bus space 0 0 : Multiplexed bus is not used 0:0
oo select bi 0 1: Allocated to CS2 space .
. PMO5 1 0: Allocated to CS1 space |
[ 1 1: Allocated to entire space (Note 4) O ©)
P PMO6 Port P40 to P43 function | O : Address output 3
Pt select bit (Note 3) 1 : Port function o0
' (Address is not output) !
: PMO7 BCLK output disable bit |0 : BCLK is output |
"""""""""""""" 1: BCLK is not output 00
(Pin is left floating) '
Notes 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new

values to this register.

: If the Vcc voltage is applied to the CNVss, the value of this register when

reset is 0316. (PM0O and PMO1 both are set to “1".)

: Valid in microprocessor and memory expansion modes.
: If the entire space is of multiplexed bus in memory expansion mode, choose an 8-

bit width.

The processor operates using the separate bus after reset is revoked, so the
entire space multiplexed bus cannot be chosen in microprocessor mode.

The higher-order address becomes a port if the entire space multiplexed bus is
chosen, so only 256 bytes can be used in each chip select.

Figure 2.4.1 Processor mode register 0
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Processor mode register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo

L[efofofo XX}

.
i

r-----------
b mccmcmcmmmmmmm——————

Symbol Address When reset
PM1 000516 00000XX02
Bit symbol Bit name Function RIW
Reserved bit Must always be set to “0” oio
Nothing is assigned.
In an attempt to write to these bits, write “0.” The value, if read, turns out to be [——
indeterminate.
Reserved bits Must always be set to “0” -0
oo 0 : No wait state
PM17 ‘
Wait bit 1: Wait state inserted O:O

Note: Set bit 1 of the protect register (address 000Az16) to “1” when writing new values
to this register.

Figure 2.4.2 Processor mode register 1
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Single-chip mode Memory expansion mode Microprocessor mode
(0100707047 m—— ity ——
003FF16 SFR area SFR area SFR area
004008 [~~~ """"""T//—————— (" ootThmmttto
OSD RAM OSD RAM OSD RAM
OOFFFe _____  \_ ________ .
0100016
Internal Internal Internal
reserved area reserved area reserved area
o2BFF2ef | X |
02C0016
Internal Internal RAM Internal RAM
RAM area area area
O3FFF2ef |
0400016
Not used External area External area
8FFFF1¢)
9000016
OSD ROM OSD ROM OSD ROM
AFFFF1e| ..
B000016
Internal Internal
reserved area reserved area
CPRFFe| 1 External area
D000016
Internal Internal
ROM area ROM area
FFFFFL[ 1
[ ] External area : Accessing this area allows you to
access a device connected external
to the microcomputer.

Figure 2.4.3 Memory maps in each processor mode
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2.4.3 Bus Settings

The BYTE pin and bits 4 to 6 of the processor mode register 0 (address 000416) are used to change the
bus settings.
Table 2.4.1 shows the factors used to change the bus settings.

Table 2.4.1 Factors for switching bus settings

Bus setting Switching factor
Switching external address bus width Bit 6 of processor mode register 0
Switching external data bus width BYTE pin
Switching between separate and multiplex bus Bits 4 and 5 of processor mode register 0

(1) Selecting external address bus width
The address bus width for external output in the 1M bytes of address space can be set to 16 bits (64K
bytes address space) or 20 bits (1M bytes address space). When bit 6 of the processor mode register
0 is set to “1”, the external address bus width is set to 16 bits, and P2 and P3 become part of the
address bus. P40 to P43 can be used as programmable I/O ports. When bit 6 of processor mode
register O is set to “0”, the external address bus width is set to 20 bits, and P2, P3, and P40 to P43
become part of the address bus.

(2) Selecting external data bus width
The external data bus width can be set to 8 or 16 bits. (Note, however, that only the separate bus can
be set.) When the BYTE pin is “L”, the bus width is set to 16 bits; when “H”, it is set to 8 bits. (The
internal bus width is permanently set to 16 bits.)
While operating, fix the BYTE pin either to “H” or to “L.”

(3) Selecting separate/multiplex bus
The bus format can be set to multiplex or separate bus using bits 4 and 5 of the processor mode
register 0.
» Separate bus
In this mode, the data and address are input and output separately. The data bus can be set using the
BYTE pin to be 8 or 16 bits. When the BYTE pin is “H”, the data bus is set to 8 bits and PO functions as
the data bus and P1 as a programmable I/O port. When the BYTE pin is “L”, the data bus is set to 16
bits and PO and P1 are both used for the data bus.
When the separate bus is used for access, a software wait can be selected.
» Multiplex bus
In this mode, data and address I/O are time multiplexed. With an 8-bit data bus selected (BYTE pin =
“H”), the 8 bits from Do to D7 are multiplexed with Ao to A7.
With a 16-bit data bus selected (BYTE pin = “L"), the 8 bits from Do to D7 are multiplexed with A1 to As.
Ds to D15 are not multiplexed. In this case, the external devices connected to the multiplexed bus are
mapped to the microcomputer’s even addresses (every 2nd address). To access these external de-
vices, access the even addresses as bytes.
The ALE signal latches the address. It is output from P5s.
Before using the multiplex bus for access, be sure to insert a software wait.
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In memory expansion mode, select a 8-bit multiplex bus.

The processor operates using the separate bus after reset is revoked, so the entire space multiplexed
bus cannot be chosen in microprocessor mode.

The higher-order address becomes a port if the entire space multiplexed bus is chosen, so only 256
bytes can be used in each chip select.

Table 2.4.2 Pin functions for each processor mode

Processor mode | Single-chip Memory expansion mode/microprocessor modes Memory
mode expansion mode
‘01", “10” “00” “11" (Note 1)
Multiplexed bus Either CS1 or CS2 is for Multiplexe
space select bit multiplexed bus and others bus for the
are for separate bus (separate bus) entire
space
Data bus width 8 bits 16 bits 8 bits 16 bits 8 bits
BYTE pin level =“H” =« =y’ = = “H
POo to PO7 1/0 port Data bus Data bus Data bus Data bus 1/0 port
Ploto P17 1/0 port 1/0 port Data bus 1/0 port Data bus 1/0 port
P20 1/0 port Address bus Address bus Address bus | Address bus Address bus
/data bus(Note 3) /data bus
P21to P27 1/0 port Address bus Address bus Address bus | Address bus Address bus
/data bus(Note 3)| /data bus(Note 3) /data bus
P30 1/0 port Address bus Address bus Address bus | Address bus As/D7
/data bus(Note 3)
P31to P37 1/0 port Address bus Address bus | Address bus | Address bus 1/0 port
P4oto P43 1/0 port 1/0O port 1/0 port /O port 1/0 port 1/0O port
Port P40 to P43
function select bit = 1
P40 to P43 1/0 port Address bus Address bus | Address bus | Address bus 1/0 port
Port P40 to P43
function select bit =0
P44to P47 I/0 port CS (chip select) or programmable 1/0 port
(For details, refer to “2.4.4 Bus control”)
P50to P53 /0 port Outputs RD, WRL, WRH, and BCLK or RD, BHE, WR, and BCLK
(For details, refer to “2.4.4 Bus control”)
P54 1/0 port HLDA HLDA HLDA HLDA HLDA
P55 1/0 port HOLD HOLD HOLD HOLD HOLD
P56 1/0 port ALE ALE ALE ALE ALE
P57 1/0 port RDY RDY RDY RDY RDY

Notes 1: In memory expansion mode, select a 8-bit multiplex bus.
The processor operates using the separate bus after reset is revoked, so the entire space multiplexed bus cannot be
chosen in microprocessor mode.
The higher-order address becomes a port if the entire space multiplexed bus is chosen, so only 256 bytes can be
used in each chip select.
2: Address bus when in separate bus mode.
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2.4.4 Bus Control

The following explains the signals required for accessing external devices and software waits. The sig-
nals required for accessing the external devices are valid when the processor mode is set to memory
expansion mode and microprocessor mode. The software waits are valid in all processor modes.

(1) Address bus/data bus
The address bus consists of the 20 pins Ao to A19 for accessing the 1M bytes of address space.
The data bus consists of the pins for data I/O. When the BYTE pin is “H”, the 8 ports Do to D7 function
as the data bus. When BYTE is “L”, the 16 ports Do to D15 function as the data bus.
When a change is made from single-chip mode to memory expansion mode, the value of the address
bus is undefined until external memory is accessed.

(2) Chip select signal
The chip select signal is output using the same pins as P44 to P47. Bits 0 to 3 of the chip select control
register (address 000816) set each pin to function as a port or to output the chip select signal. The chip
select control register is valid in memory expansion mode and microprocessor mode. In single-chip
mode, P44 to P47 function as programmable I/O ports regardless of the value in the chip select control
register.
In microprocessor mode, only CSO outputs the chip select signal after the reset state has been can-
celled. CS1 to CS3 function as input ports. Figure 2.4.4 shows the chip select control register.
The chip select signal can be used to split the external area into as many as four blocks. Table 2.4.4
shows the external memory areas specified using the chip select signal.

Table 2.4.3 External areas specified by the chip select signals

. Specified address range
Chip select - -
Memory expansion mode Microprocessor mode
CSso 3000016 to 8FFFF16 (384K) 3000016 to 8FFFF16 (384K), B0O00016 to FFFFF16 (320K)
Cs1 2800016 to 2FFFF16 (32K) 2800016 to 2FFFF16 (32K)
CSs2 0800016 to 27FFF 16 (128K) 0800016 to 27FFF16 (128K)
CS3 0400016 to 07FFF16 (16K) 0400016 to 07FFF16 (16K)
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Chip select control register
b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
| | | | | | | | | CSR 000816 0l1e

Bit symbol Bit name Function R }W
: €S0 CS0 output enable bit 0 : Chip select output disabled O}O
AEEREEEEE Cs1 CS1 output enable bit (Normal port pin) o0
D cs2 CS2 output enable bit 1: Chip select output enabled 00
P e Cs3 CS3 output enable bit 00

E N —— CSowW CS0 wait bi |
: @ wait bit 0 : Wait state inserted O:O
R LR EEE LR CS1w CS1 wait bit 1 : No wait state (O)(®)
JERICILIELILELEERILIRREEE cs2w CS2 wait bit 0.0
RRECREELLEEELEE, cs3w CS3 wait bit 00

Figure 2.4.4 Chip select control register

(3) Read/write signals
With a 16-bit data bus (BYTE pin =“L"), bit 2 of the processor mode register 0 (address 000416) select
the combinations of RD, BHE, and WR signals or RD, WRL, and WRH signals. With an 8-bit data bus
(BYTE pin = “H"), use the combination of RD, WR, and BHE signals. (Set bit 2 of the processor mode
register O (address 000416) to “0”.) Tables 2.4.4 and 2.4.5 show the operation of these signals.
After a reset has been cancelled, the combination of RD, WR, and BHE signals is automatically se-
lected.
When switching to the RD, WRL, and WRH combination, do not write to external memory until bit 2 of
the processor mode register O (address 000416) has been set (Note).

Note: Before attempting to change the contents of the processor mode register 0, set bit 1 of the
protect register (address 000A16) to “1".

Table 2.4.4 Operation of RD, WRL, and WRH signals

Data bus width RD WRL WRH Status of external data bus
L H H Read data
16-bit H L H Write 1 byte of data to even address
(BYTE ="“L") H H L Write 1 byte of data to odd address
H L L Write data to both even and odd addresses

Table 2.4.5 Operation of RD, WR, and BHE signals

30

Data bus width RD WR BHE A0 Status of external data bus
H L L H Write 1 byte of data to odd address
L H L H Read 1 byte of data from odd address
16-bit H L H L Write 1 byte of data to even address
(BYTE="L") L H H L Read 1 byte of data from even address
H L L L Write data to both even and odd addresses
L H L L Read data from both even and odd addresses
8-bit H L Not used H/L Write 1 byte of data
(BYTE ="H") L H Not used H/L Read 1 byte of data
Rev. 1.0
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(4) ALE signal

The ALE signal latches the address when accessing the multiplex bus space. Latch the address when
the ALE signal falls.

When BYTE pin = “H” When BYTE pin = “L"
ALE ALE

Do/Ao to D7/A7 >< Address >< Data (Note 1) >< A0 X Address ><

Do/A1 to D7/A8 X Address X Data (Note 1) X
As to A19 >< Address (Note 2) ><

A9 to A19 X Address X
Notes 1: Floating when reading.

2: When multiplexed bus for the entire space is selected, these are /O ports.

Figure 2.4.5 ALE signal and address/data bus
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(5) RDY signal

RDY signal facilitates access of external devices that require a long time for access. As shown in
Figure 2.4.6, if an “L” is being input to the RDY pin at the BCLK falling edge, the bus turns to the wait
state. If an “H” is being input to the RDY pin at the BCLK falling edge, the bus cancels the wait state.
Table 2.4.6 shows the microcomputer state in the wait state. Figure 2.4.6 shows the example of the
RD signal being extended using the RDY signal.

The RDY signal is valid when accessing the external area during the bus cycle in which bits 4 to 7 of
the chip select control register (address 000816) are set to “0.” The RDY signal is invalid when setting
“1” to all bits 4 to 7 of the chip select control register (address 000816), but the RDY pin should be
treated as properly as in non-using.

Table 2.4.6 Microcomputer status in ready state (Note)

Iltem Status
Oscillation On
R/W signal, address bus, data bus, CS Maintain status when RDY signal received
ALE signal, HLDA, programmable 1/0 ports
Internal peripheral circuits On

Note: The RDY signal cannot be received immediately prior to a software wait.

In an instance of separate bus

= W A S e

(=00 3) /
RDY A \%

tsu(RDY - BCLK)

Accept timing of RDY signal

In an instance of multiplexed bus

BCLK J \ / \ / QL /_\_/_\_

RD \
s 7\

(i=0t0 3)
= \ \ /

tsu(RDY - BCLK)

@ : Wait using RDY signal Accept timing of RDY signal

“ 1 Wait using software

Figure 2.4.6 Example of RD signal extended by RDY signal
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(6) Hold signal
The hold signal is used to transfer the bus privileges from the CPU to the external circuits. Inputting “L”
to the HOLD pin places the microcomputer in the hold state at the end of the current bus access. This
status is maintained and “L” is output from the HLDA pin as long as “L” is input to the HOLD pin. Table
2.4.7 shows the microcomputer status in the hold state.
Bus-using priorities are given to HOLD, DMAC, and CPU in order of decreasing precedence.

HOLD > DMAC > CPU

Figure 2.4.7 Bus-using priorities

Table 2.4.7 Microcomputer status in hold state

ltem Status
Oscillation ON
R/W signal, address bus, data bus, CS, BHE Floating
Programmable I/O ports PO, P1, P2, P3, P4, P5 Floating

P6, P7, P8, P9, P10 Maintains status when hold signal is received

HLDA Output “L”
Internal peripheral circuits ON (but watchdog timer stops)
ALE signal Undefined

(7) External bus status when internal area is accessed
Table 2.4.8 shows the external bus status when the internal area is accessed.

Table 2.4.8 External bus status when the internal area is accessed

Item SFR accessed Internal ROM/RAM accessed
Address bus Address output Maintain status before accessed
address of external area
Data bus When read Floating Floating
When write Output data Undefined
RD, WR, WRL, WRH RD, WR, WRL, WRH output Output "H"
BHE ﬁoutput Maintain status before accessed

status of external area

CS Output "H" Output "H"

ALE Output "L" Output "L"

(8) BCLK output
The output of the internal clock @ can be selected using bit 7 of the processor mode register 0 (address
000416) (Note). The output is floating when bit 7 is set to “1”.

Note: Before attempting to change the contents of the processor mode register 0, set bit 1 of the
protect register (address 000A16) to “1”.
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(9) Software wait
A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address
000516) (Note 1) and bits 4 to 7 of the chip select control register (address 000816).
A software wait is inserted in the internal ROM/RAM area, in the OSD RAM area (Note 2), and in the
external memory area by setting the wait bit of the processor mode register 1. When set to “0”, each
bus cycle is executed in one BCLK cycle. When set to “1”, each bus cycle is executed in two or three
BCLK cycles. After the microcomputer has been reset, this bit defaults to “0”. When set to “1”, a wait is
applied to all memory areas (two or three BCLK cycles), regardless of the contents of bits 4 to 7 of the
chip select control register. Set this bit after referring to the recommended operating conditions (main
clock input oscillation frequency) of the electric characteristics. However, when the user is using the
RDY signal, the relevant bit in the chip select control register’s bits 4 to 7 must be set to “0.”
When the wait bit of the processor mode register 1 is “0”, software waits can be set independently for
each of the 4 areas selected using the chip select signal. Bits 4 to 7 of the chip select control register
correspond to chip selects CS0 to CS3. When one of these bits is set to “1”, the bus cycle is executed
in one BCLK cycle. When set to “0”, the bus cycle is executed in two or three BCLK cycles. These bits
default to “0” after the microcomputer has been reset. These bits default to “0” after the microcomputer
has been reset.
The SFR area is always accessed in two BCLK cycles regardless of the setting of these control bits.
Also, the corresponding bits of the chip select control register must be set to “0” if using the multiplex
bus to access the external memory area.
Table 2.4.9 shows the software wait and bus cycles. Figure 2.4.8 shows example bus timing when
using software waits.

Notes 1: Before attempting to change the contents of the processor mode register 1, set bit 1 of the

protect register (address 000A16) to “1”.
2: Be sure to set a software wait to access to OSD RAM.

Table 2.4.9 Software waits and bus cycles

o Bits 4 to 7 of chip select
Area Bus status Wait bit control register Bus cycle
SFR _ Invalid Invalid 2 BCLK cycles
Internal _— 0 Invalid 1 BCLK cycle
ROM/RAM
* OSD RAM E— 1 Invalid 2 BCLK cycles
Separate bus 0 1 1 BCLK cycle
Separate bus 0 0 2 BCLK cycles
External
memory Separate bus 1 0 (Note) 2 BCLK cycles
area
Multiplex bus 0 0 3 BCLK cycles
Multiplex bus 1 0 (Note) 3 BCLK cycles

Note: When using the RDY signal, always set to “0.”

Rev. 1.0

z MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

< Separate bus (no wait) > Bus cycle
|- —|
BCLK
Write signal
Read signal
Data bus {Output { Input>
Address bus >< XAddressX XAddressx X
Chip select
< Separate bus (with wait) >
Bus cycle
||
BCLK
Write signal
Read signal
Data bus \ Output } Input!
Address bus >< Address >< >< Address ><
Chip select |
< Multiplexed bus >
}4 Bus cycle
BCLK |
Write signal
Read signal
ALE
Address bus < Address >< X Address >_
Add bus/ I\
Datarebsl;ss ue ><Address Data output X XAddress) {Input
Chip select |

Figure 2.4.8 Typical bus timings using software wait
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2.5 Clock Generating Circuit
The clock generating circuit contains 2 oscillator circuits that supply the operating clock sources to the CPU

and internal peripheral units and 1 oscillator circuit that supplies the operating clock source to OSD.

Table 2.5.1. Clock generating circuits

Main clock oscillation circuit

Sub-clock oscillation circuit

OSD oscillation
circuit

Use of clock

« CPU’s operating clock
source

« Internal peripheral units’
operating clock source

« CPU’s operating clock
source

« Timer A/B’s count clock
source

* OSD'’s operating clock
source

Usable oscillator

 Ceramic resonator
(or quartz-crystal oscillator)

« Quartz-crystal oscillator

» Ceramic resonator
(or quartz-crystal oscillator)
* LC oscillator

immediately after reset

Other

Externally derived clock can be input

Pins to connect Xin, Xout Xcin, Xcout 0OSC1, 0SsC2
oscillator

Oscillation stop/restart | Available Available

function

Oscillator status Oscillating Stopped
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2.5.1 Example of Oscillator Circuit

Figure 2.5.1 shows some examples of the main clock circuit, one using an oscillator connected to the
circuit, and the other one using an externally derived clock for input. Figure 2.5.2 shows some examples
of sub-clock circuits, one using an oscillator connected to the circuit, and the other one using an externally
derived clock for input. Circuit constants in Figures 2.5.1 and 2.5.2 vary with each oscillator used. Use
the values recommended by the manufacturer of your oscillator.

Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
XIN Xout XIN Xout

Open
(Note)
Rd
|:| Externally derived clock
L
_I_ CiN Cout Vce |—| |_| |_| |_
= ; Vss

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. When being specified to connect a
feedback resistor externally by the manufacture, connect a feedback resistor between pins XIN and XouT.

Figure 2.5.1 Examples of main clock

Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
XcIN Xcout XcIN Xcout

T Open
(Note)

Red
Externally derived clock

+—0

—— Con Ccout Vee

vesJ LI LILT

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. When being specified to connect a
feedback resistor externally by the manufacture, connect a feedback resistor between pins XcIN and XcourT.

bk

Figure 2.5.2 Examples of sub-clock

2.5.2 OSD Oscillation Circuit
The OSD clock oscillation circuit can obtain simply a clock for OSD by connecting an LC oscillator or a
ceramic resonator (or a quartz-crystal oscillator) across the pins OSC1 and OSC2. Which of LC oscillator

or a ceramic resonator (or a quartz-crystal oscillator) is selected by setting bits 1 and 2 of the clock control
register (address 020516).

Microcomputer
0SC1 0SC2

Figure 2.5.3 OSD clock connection example
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D f1
»—{} f1S102

fAD
*t Dﬁ} f8S102
Sub clock 0—V

% 325102
y D f32

CM10 “1”
Write signal

b |c

CMO07=0

RESET Divider

BCLK
Software reset

Main clock

CMos cmo2
Interrupt request
level judgment
output 7 S R
d_/

WAIT instruction

b C
SRS ey IO v IO ey I g B p
CMO06=0
CM17,CM16=11
CM06=1

CM06=0
CM17,CM16=10

d
CM06=0
CM17,CM16=01 O
CMO06=0
CM17,CM16=00
CMOi : Biti at address 000616
CM1i : Bit i at address 000716 : X .
WDCi : Bit i at address 000F16 i Details of divider
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The following paragraphs describes the clocks generated by the clock generating circuit.

(1) Main clock
The main clock is generated by the main clock oscillation circuit. After a reset, the clock is divided by
8 to the BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616).
Stopping the clock, after switching the operating clock source of CPU to the sub-clock, reduces the
power dissipation.
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the main
clock oscillation circuit can be reduced using the XIN-XouT drive capacity select bit (bit 5 at address
000716). Reducing the drive capacity of the main clock oscillation circuit reduces the power dissipa-
tion. This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at
a reset. When shifting from low-speed/low power dissipation mode to stop mode, the value before
stop mode is retained.

(2) Sub-clock
The sub-clock is generated by the sub clock oscillation circuit. No sub clock is generated after a reset.
After oscillation is started using the port Xc select bit (bit 4 at address 000616), the sub-clock can be
selected as the BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure
that the sub-clock oscillation has fully stabilized before switching.
After the oscillation of the sub-clock oscillation circuit has stabilized, the drive capacity of the sub-clock
oscillation circuit can be reduced using the XcIN-XcouT drive capacity select bit (bit 3 at address
000616). Reducing the drive capacity of the sub-clock oscillation circuit reduces the power dissipation.
This bit changes to “1” when shifting to stop mode and at a reset.

(3) BCLK
The internal clock @ is the clock that drives the CPU, and is fc or the clock derived by dividing the main
clock by 1, 2, 4, 8, or 16. The BCLK is derived by dividing the main clock by 8 after a reset. The BCLK
signal can be output from pin BCLK by the BCLK output disable bit (bit 7 at address 000416) in the
memory expansion and the microprocessor modes.
The main clock division select bit O (bit 6 at address 000616) changes to “1” when shifting from high-
speed/medium-speed to stop mode and at reset. When sifting from low-speed/low power dissipation
mode to stop mode, the value before stop mode is retained.

(4) Peripheral function clock (f 1, fs, f32, fisio2, f8si02, f32s102, fAD)
The clock for the peripheral devices is derived by dividing the main clock by 1, 8 or 32. The peripheral
function clock is stopped by stopping the main clock or by setting the WAIT peripheral function clock
stop bit (bit 2 at 000616) to “1” and then executing a WAIT instruction.

(5) fcaz
This clock is derived by dividing the sub-clock by 32. It is used for the timer A and timer B counts.
(6) fc
This clock has the same frequency as the sub-clock. It is used for the BCLK and for the watchdog
timer.
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System clock control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset
| | | | | | | | | CMO 000616 4816

Bit symbol Bit name Function RW|

. b1 b0 T
CMO00 Clock output function 00: 1/0 port P57 [e){e]

select bit X '
H lid only in single-chi 0 1 : fc output ——
oMol g’g&e)o” yinsingle-chip 4 g : fg output oo

11 :f32 output

CM02 WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode ,
"""" clock stop bit 1 : Stop peripheral function clock in wait mode (Note 8) 030

XcIN-XcouT drive capacity [ 0 : LOW !
"""""" CMO3 | Select bit (Note 2) 1:HIGH 0.0

Port Xc select bit 0:1/0 port i
"""""""" CMo4 1 : XCIN-XCOUT generation 0:0

H CMO5 Main clock (XIN-XouT) 0:0n
"""""""""" stop bit (Notes 3, 4, 5) 1:0Off O;O
o CMO6 Main clock division select | 0 CM16 and CM17 valid oo

bit 0 (Note 7) 1 : Division by 8 mode '
e cMo7 | System clock select bit 0: XN, XouT oio

(Note 6) 1: XcIN, Xcout '

Notes 1: Set bit O of the protect register (address 000A16) to “1” before writing to this register.

: Changes to “1” when shifting to stop mode and at a reset.

: When entering power saving mode, main clock stops using this . When returning from stop mode and
operating with XIN, set this bit to “0.” When main clock oscillation is operating by itself, set system clock select
bit (CMO07) to “1” before setting this bit to “1”".

4: When inputting external clock, only clock oscillation buffer is stopped and clock input is acceptable.

5: If this bit is set to “1,” XouT turns “H.” The built-in feedback resistor remains being connected, so XIN turns
pulled up to Xout (“H") via the feedback resistor.

: Set port Xc select bit (CM04) to “1” and stabilize the sub-clock oscillating before setting to this bit from “0” to
“1.” Do not write to both bits at the same time. And also, set the main clock stop bit (CMO05) to “0” and stabilize
the main clock oscillating before setting this bit from “1” to “0.”

: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.

: fca2 is not included.

w N

(2]

~

©

Figures 2.5.5 System clock control register O

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

| | | |0 |o | 0 |0 | | Symbol Address When reset
CM1 000716 2016
v 0 1| Bit symbol Bit name Function R:W|
CM10 All clock stop control bit 0: Clock on OEO
oo (Note 4) 1 : All clocks off (stop mode) !
R R S Reserved bits Must always be set to “0” OiO
XIN-XouT drive capacity 0:LOW
VT CM15 select bit (Note 2) 1:HIGH o;o
H b7 b6 T
e CM16 Main clock division 0 0 : No division mode !
: select bit 1 (Note 3) 0 1 : Division by 2 mode OEO
H CM17 10 : Division by 4 mode |
"""""""""""""" 11 : Division by 16 mode

Notes 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register.

2: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a
reset. When shifting from low-speed/low power dissipation mode to stop mode, the value before stop
mode is retained.

3: Can be selected when bit 6 of the system clock control register 0 (address 000616) is “0.”

If “1”, division mode is fixed at 8.

4: If this bit is set to “1,” XouT turns “H,” and the built-in feedback resistor is cut off. XcIN and XcouT turn

high-impedance state.

Rev. 1.0

z MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

2.5.4 Clock Output
In single-chip mode, the clock output function select bits (bits 0 and 1 at address 000616) enable fs, f32, or
fc to be output from the P57/CLKouT pin. When the WAIT peripheral function clock stop bit (bit 2 at
address 000616) is set to “1”, the output of f8 and f32 stops when a WAIT instruction is executed.

2.5.5 Stop Mode
Writing “1” to the all-clock stop control bit (bit 0 at address 000716) stops all oscillation and the microcom-
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that Vcc
remains above 4.5V.
Because the oscillation, BCLK, f1 to f32, f1s102 to f32s102, fC, fC32, and fAD stops in stop mode, peripheral
functions such as the A-D converter and watchdog timer do not function. However, timer B operates
provided that the event counter mode is set to an external pulse, and UARTI (i = 0, 2) functions provided
an external clock is selected. Table 2.5.2 shows the status of the ports in stop mode.
Stop mode is cancelled by a hardware reset or an interrupt. If an interrupt is to be used to cancel stop
mode, that interrupt must first have been enabled. If returning by an interrupt, that interrupt routine is
executed.
When shifting from high-speed/medium-speed mode to stop mode and at a reset, the main clock division
select bit O (bit 6 at address 000616) is set to “1.” When shifting from low-speed/low power dissipation
mode to stop mode, the value before stop mode is retained.

Table 2.5.2 Port status during stop mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode

Address bus, data bus, CS0 to CS3 Retains status before stop mode
RD, WR, BHE, WRL, WRH “H”
HLDA, BCLK “H”
ALE “H”
Port Retains status before stop mode |Retains status before stop mode
CLKourt When fc selected Valid only in single-chip mode |“H”

When f8, f32 selected Valid only in single-chip mode |Retains status before stop mode
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2.5.6 Wait Mode

When a WAIT instruction is executed, the BCLK stops and the microcomputer enters the wait mode. In
this mode, oscillation continues but the BCLK and watchdog timer stop. Writing “1” to the WAIT peripheral
function clock stop bit and executing a WAIT instruction stops the clock being supplied to the internal
peripheral functions, allowing power dissipation to be reduced. Table 2.5.3 shows the status of the ports
in wait mode.

Wait mode is cancelled by a hardware reset or an interrupt. If an interrupt is used to cancel wait mode, the
microcomputer restarts from the interrupt routine using as BCLK, the clock that had been selected when
the WAIT instruction was executed.

Table 2.5.3 Port status during wait mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode
Address bus, data bus, CS0 to CS3 Retains status before wait mode
RD, WR, BHE, WRL, WRH “H”
HLDA,BCLK “H”
ALE “H”
Port Retains status before wait mode | Retains status before wait mode
CLKout When fc selected Valid only in single-chip mode | Does not stop

When fs, f32 selected| Valid only in single-chip mode | Does not stop when the WAIT
peripheral function clock stop
bit is “0".

When the WAIT peripheral
function clock stop bit is “1”,
the status immediately prior
to entering wait mode is main-
tained.
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2.5.7 Status Transition of BCLK
Power dissipation can be reduced and low-voltage operation achieved by changing the count source for
internal clock @. Table 2.5.4 shows the operating modes corresponding to the settings of system clock
control registers 0 and 1.
After a reset, operation defaults to division by 8 mode. When shifting to stop mode, the main clock division
select bit 0 (bit 6 at address 000616) is set to “1”. The following shows the operational modes of internal
clock .
(2) Division by 2 mode
The main clock is divided by 2 to obtain the BCLK.
(2) Division by 4 mode
The main clock is divided by 4 to obtain the BCLK.
(3) Division by 8 mode
The main clock is divided by 8 to obtain the BCLK. Note that oscillation of the main clock must have
stabilized before transferring from this mode to another mode.
(4) Division by 16 mode
The main clock is divided by 16 to obtain the BCLK.
(5) No-division mode
The main clock is used as the BCLK.
(6) Low-speed mode
fC is used as the BCLK. Note that oscillation of both the main and sub clocks must have stabilized
before transferring from this mode to another or vice versa. At least 2 to 3 seconds are required after
the sub clock starts. Therefore, the program must be written to wait until this clock has stabilized
immediately after powering up and after stop mode is cancelled.
(7) Low power dissipation mode
fc is the BCLK and the main clock is stopped.

Note: When switching the count source for BCLK between Xin and Xc it needs that the oscillation of the
switched count source is sufficiently stable. Shift after taking the oscillation stabilizing time by
software.

Table 2.5.4 Operating modes dictated by settings of system clock control registers 0 and 1

CM17 CM16 CMO7 CMO06 CMO05 CM04 Operating mode of BCLK
0 1 0 0 0 Invalid Division by 2 mode
1 0 0 0 0 Invalid Division by 4 mode
Invalid Invalid 0 1 0 Invalid Division by 8 mode
1 1 0 0 0 Invalid Division by 16 mode
0 0 0 0 0 Invalid No-division mode
Invalid Invalid 1 Invalid 0 1 Low-speed mode
Invalid Invalid 1 Invalid 1 1 Low power dissipation mode
Rev. 1.0
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2.5.8 Power Control
The following is a description of the three available power control modes:

Modes
Power control is available in three modes.

(1) Normal operation mode

m High-speed mode
Divide-by-1 frequency of the main clock becomes the BCLK. The CPU operates with the internal
clock selected. Each peripheral function operates according to its assigned clock.

m Medium-speed mode
Divide-by-2, divide-by-4, divide-by-8, or divide-by-16 frequency of the main clock becomes the
BCLK. The CPU operates according to the internal clock selected. Each peripheral function operates
according to its assigned clock.

m Low-speed mode
fc becomes the BCLK. The CPU operates according to the fc clock. The fc clock is supplied by the
secondary clock. Each peripheral function operates according to its assigned clock.

m Low power consumption mode
The main clock operating in low-speed mode is stopped. The CPU operates according to the fc
clock. The fc clock is supplied by the secondary clock. The only peripheral functions that operate are
those with the sub-clock selected as the count source.

(2) Wait mode
The CPU operation is stopped. The oscillators do not stop.

(3) Stop mode
All oscillators stop. The CPU and all built-in peripheral functions stop. This mode, among the three

modes listed here, is the most effective in decreasing power consumption.

Figure 2.5.7 is the state transition diagram of the above modes.
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Transition of stop mode, wait mode

Reset
v WAIT
CM10 = *1" / instruction
< Medium-speed mode
Stop mode ‘ (Divided-by-8 mode) Wait mode
>
<
: Interrupt_+W Interrupt
All oscillators stopped A CPU operation stopped
Interrupt v WAIT
instruction
High-speed/ >
CM10 3 .
Stop mode 4 medium-speed Wait mode
mode
- Interrupt
All oscillators stopped A CPU operation stopped
v WAIT
CM10 = “1" instruction
< Low-speed/ >
Stop mode ‘ low power dissipation Wait mode
\ mode
All oscillators stopped 'ME"UPt Interrupt i
Normal mode CPU operation stopped

(See the figure below as for transition of normal mode)

Transition of normal mode

Main clock is oscillating
Sub-clock is stopped

Medium-speed mode (divided-by-8 mode)

CMO06 = “1"
CMO07 =*0"
CMO06
CM04 =

Main clock is oscillating | cmos =17 (Note 1)
Sub-clock is oscillating (Notes 1, 3) Main clock is oscillating
v Sub-clock is oscillating
High-speed mode Medium-speed mode (divided-by-2) Low-speed mode
CMO7 =“0"
BCLK : f(XIN) ] [ BCLK : f(XiN)/2 (Notes 1, 3)
CM07 =*0" CMO06 =“0" CMO7 = CMO6 = “0” <
CM17 =“0" CM16 ="“0" CM17 =“0" CM16 ="“1" Medium-speed mode (divided-by-8) | ¥
BCLK : f(XcIN)

BCLK : f(XIN)/8 CMO7 =*1"
Medium-speed mode (divided-by-4) Medium-speed mode (divided-by-16) CMO07 =“0"
CMO06 = “1" CM07 =*1
BCLK : f(XIN)/4 BCLK : f(XiN)/16 (Note 2)
CM07 =“0" CMO06 =*“0" CMO07 =“0" CMO06 = “0" »
CM17="1" CM16="0" CM17 =“1" CM16 . |

CMO05 ="“1"

Main clock is stopped
Sub-clock is oscillating

CM04 = 0" cmos=-1r A

Main clock is oscillating

Low power dissipation mode

v Sub clock is stopped
High-speed mode Medium-speed mode (divided-by-2) TMO7 = “0” CMO7 =1 BCLK : f£>§F|I[\l)
CMO06 = ‘0" CMO5 = 1" CMo7 =71
BCLK : f(XIN)/2 CMO04 = “0" (Note 2)
CM07 =*0" CMO06 ="0" (Notes 1, 3)
CM17 =“0" CM16 ="1"

| Medium-speed mode (divided-by-4) - Medium-speed mode (divided-by-16) Notes 1: Switch clocks after oscillation of main clock is
CMO06 = “0" sufficiently stable.
(Notesl1, 3) BCLK: f(XIN)/4 BCLK : f(XIN)/16 2: Switch clocks after oscillation of sub-clock is
CMO07 CMO6 = “0" CMO07 =“0” CMO06 = “0" sufficiently stable.
CM17 CM16 =“0" CM17 =“1" CM16 ="“1" 3: Change CMO6 after changing CM17 and
CM16.

4: Transit in accordance with arrows.

Figure 2.5.7 State transition diagram of Power control mode
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2.6 Protection

The protection function is provided so that the values in important registers cannot be changed in the event
that the program runs out of control. Figure 2.6.1 shows the protect register. The values in the processor
mode register 0 (address 000416), processor mode register 1 (address 000516), system clock control reg-
ister O (address 000616), system clock control register 1 (address 000716) and port P9 direction register
(address 03F316) can only be changed when the respective bit in the protect register is set to “1". There-
fore, important outputs can be allocated to port P9.

If, after “1” (write-enabled) has been written to the port P9 direction register write-enable bit (bit 2 at address
000A16), a value is written to any address, the bit automatically reverts to “0” (write-inhibited). However, the
system clock control registers 0 and 1 write-enable bit (bit 0 at 000A16) and processor mode register 0 and
1 write-enable bit (bit 1 at 000A16) do not automatically return to “0” after a value has been written to an
address. The program must therefore be written to return these bits to “0”".

Protect register

b7 b6 bS5 b4 b3 b2 bl bo

Symbol Address When reset
PRCR 000A16 XXXXX0002
Bit symbol Bit name Function R'W

Enables writing to system clock
PRCO control registers 0 and 1 (addresses
000616 and 0007 16)

[l =]

: Write-inhibited 0.0
: Write-enabled |

Enables writing to processor mode
PRC1 registers 0 and 1 (addresses 0004 16
and 000516)

0 : Write-inhibited olo
1: Write-enabled !

s PRC2 Enables writing to port P9 direction '
register (address 03F316) 0 : Write-inhibited o 1)
(Note) 1 : Write-enabled !

Nothing is assigned. |
In an attempt to write to these bits, write “0.” The value, if read, turns out to be -
indeterminate. ‘

Note: Writing a value to an address after “1” is written to this bit returns the bit
to “0.” Other bits do not automatically return to “0” and they must therefore
be reset by the program.

Figure 2.6.1 Protect register
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2.7 Interrupts

2.7.1 Type of Interrupts
Figure 2.7.1 lists the types of interrupts.

[] Undefined instruction (UND instruction)
O Overflow (INTO instruction)

] Software ] )
BRK instruction

% [] INT instruction
[l

Interrupt% [ Reset
] DBC
0 [lspecial ———— 7 Watchdog timer
- Hardware E L] Single step

B [ Address matched
[]Peripheral I/O (Note)

Note: Peripheral I/O interrupts are generated by the peripheral functions built into the microcomputer system.

Figure 2.7.1 Classification of interrupts

» Maskable interrupt : An interrupt which can be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority can be changed by priority level.

» Non-maskable interrupt : An interrupt which cannot be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority cannot be changed by priority level.
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2.7.2 Software Interrupts

A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable
interrupts.

» Undefined instruction interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

* Overflow interrupt
An overflow interrupt occurs when executing the INTO instruction with the overflow flag (O flag) set to
“1”. The following are instructions whose O flag changes by arithmetic:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

* BRK interrupt
A BRK interrupt occurs when executing the BRK instruction.

« INT interrupt
An INT interrupt occurs when assiging one of software interrupt numbers 0 through 63 and executing
the INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O interrupts,
so executing the INT instruction allows executing the same interrupt routine that a peripheral I/O
interrupt does.
The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is
involved.
So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “0” and
select the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from
the interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt re-
qguest. So far as software numbers 32 through 63 are concerned, the stack pointer does not make a
shift.
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2.7.3 Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral 1/O interrupts.
(1) Special interrupts

Special interrupts are non-maskable interrupts.

* Reset
Reset occurs if an “L" is input to the RESET pin.

+ DBC interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances.

» Watchdog timer interrupt
Generated by the watchdog timer.

* Single-step interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances. With the debug
flag (D flag) set to “1,” a single-step interrupt occurs after one instruction is executed.

» Address match interrupt
An address match interrupt occurs immediately before the instruction held in the address indicated
by the address match interrupt register is executed with the address match interrupt enable bit set to
“1.” If an address other than the first address of the instruction in the address match interrupt register
is set, no address match interrupt occurs. For address match interrupt, see 2.11 Address match
Interrupt.

(2) Peripheral I/O interrupts
A peripheral I/O interrupt is generated by one of built-in peripheral functions. Built-in peripheral func-
tions are dependent on classes of products, so the interrupt factors too are dependent on classes of
products. The interrupt vector table is the same as the one for software interrupt numbers 0 through
31 the INI instruction uses. Peripheral I/O interrupts are maskable interrupts.
* Bus collision detection interrupt
This is an interrupt that the serial I/0O bus collision detection generates.
* DMAQO interrupt, DMAL interrupt
These are interrupts DMA generates.
* Vsvne interrupt
Vsyne interrupt occurs if a Vsyne edge is input.
 A-D conversion interrupt
This is an interrupt that the A-D converter generates.
* UARTO transmission, UART2 transmission/NACK interrupts
These are interrupts that the serial I/O transmission generates.
* UARTO reception, UART2 reception/ACK interrupts
These are interrupts that the serial I/O reception generates.
* Timer AO interrupt through timer A4 interrupt
These are interrupts that timer A generates
 Timer BO interrupt through timer B2 interrupt
These are interrupts that timer B generates.
« INTO interrupt and INT1 interrupt
An INT interrupt occurs if either a rising edge or a falling edge or a both edge is input to the INT pin.
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» OSDL1 interrupt and OSD?2 interrupt

These are interrupts that OSD display is completed.
» Data slicer interrupt

This is an interrupt that data slicer circuit requests.
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2.7.4 Interrupts and Interrupt Vector Tables
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector
table. Set the first address of the interrupt routine in each vector table. Figure 2.7.2 shows the format for
specifying the address.
Two types of interrupt vector tables are available — fixed vector table in which addresses are fixed and
variable vector table in which addresses can be varied by the setting.

MSB LSB
Vector address + 0 Low address
Vector address + 1 Mid address
Vector address + 2 0000 High address
Vector address + 3 0000 0000

Figure 2.7.2 Format for specifying interrupt vector addresses

(1) Fixed vector tables
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area
extending from FFFDCis to FFFFF1s. One vector table comprises four bytes. Set the first address of
interrupt routine in each vector table. Table 2.7.1 shows the interrupts assigned to the fixed vector
tables and addresses of vector tables.

Table 2.7.1 Interrupts assigned to the fixed vector tables and addresses of vector tables

Interrupt source

Vector table addresses
Address (L) to address (H)

Remarks

Undefined instruction

FFFDCai6 to FFFDF16

Interrupt on UND instruction

Overflow

FFFEO16 to FFFE316

Interrupt on INTO instruction

BRK instruction

FFFE416 to FFFE716

If the vector is filled with FF16, program execution starts from
the address shown by the vector in the variable vector table

Address match

FFFE816 to FFFEB16

There is an address-matching interrupt enable bit

Single step (Note) FFFEC16 to FFFEF16 | Do not use
Watchdog timer FFFFO16 to FFFF316
DBC (Note) FFFF416 to FFFF716 | Do not use
Reserved source FFFES816 to FFFEB16 Do not use
Reset FFFFC16 to FFFFF16

Note: Interrupts used for debugging purposes only.
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(2) Variable vector tables
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area
extending from FFFDCis to FFFFF1s. One vector table comprises four bytes. Set the first address of
interrupt routine in each vector table. Table 2.7.2 shows the interrupts assigned to the fixed vector

tables and addresses of vector tables.

Table 2.7.2 Interrupts assigned to the variable vector tables and addresses of vector tables

Software interrupt number

Vector table address
Address (L) to address (H)

Interrupt source

Remarks

Software interrupt number 0

+0 to +3 (Note 1)

BRK instruction

Cannot be masked | flag

Software interrupt number 4

+16 to +19 (Note 1)

osD1

Software interrupt number 5

+20 to +23 (Note 1)

Reserved source

Software interrupt number 6

+24 to +27 (Note 1)

Reserved source

Software interrupt number 7

+28 to +31 (Note 1)

Reserved source

Software interrupt number 8

+32 to +35 (Note 1)

0osD2

Software interrupt number 9

+36 to +39 (Note 1)

Reserved source

Software interrupt number 10

+40 to +43 (Note 1)

Bus collision detection

Software interrupt number 11

+44 to +47 (Note 1)

DMAO

Software interrupt number 12

+48 to +51 (Note 1)

DMA1

Software interrupt number 13

+52 to +55 (Note 1)

Reserved source

Software interrupt number 14

+56 to +59 (Note 1)

A-D conversion

Software interrupt number 15

+60 to +63 (Note 1)

UART?2 transmit/NACK (Note 2)

Software interrupt number 16

+64 to +67 (Note 1)

UART2 receive/ACK (Note 2)

Software interrupt number 17

+68 to +71 (Note 1)

UARTO transmit

Software interrupt number 18

+72 to +75 (Note 1)

UARTO receive

Software interrupt number 19

+76 to +79 (Note 1)

Data slicer

Software interrupt number 20

+80 to +83 (Note 1)

VSYNC

Software interrupt number 21

+84 to +87 (Note 1)

Timer AO

Software interrupt number 22

+88 to +91 (Note 1)

Timer Al

Software interrupt number 23

+92 to +95 (Note 1)

Timer A2

Software interrupt number 24

+96 to +99 (Note 1)

Timer A3

Software interrupt number 25

+100 to +103 (Note 1)

Timer A4

Software interrupt number 26

+104 to +107 (Note 1)

Timer BO

Software interrupt number 27

+108 to +111 (Note 1)

Timer B1

Software interrupt number 28

+112 to +115 (Note 1)

Timer B2

Software interrupt number 29

+116 to +119 (Note 1)

INTO

Software interrupt number 30

+120 to +123 (Note 1)

INT1

Software interrupt number 31

+124 to +127 (Note 1)

Reserved source

Software interrupt number 32

to
Software interrupt number 63

+128 to +131 (Note 1)

to
+252 to +255 (Note 1)

Software interrupt

Cannot be masked | flag

Notes 1: Address relative to address in interrupt table register (INTB).
2: When I12C mode is selected, NACK and ACK interrupts are selected.
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2.7.5 Interrupt Control
Descriptions are given here regarding how to enable or disable maskable interrupts and how to set the
priority to be accepted. What is described here does not apply to non-maskable interrupts.
Enable or disable a non-maskable interrupt using the interrupt enable flag (I flag), interrupt priority level
selection bit, or processor interrupt priority level (IPL). Whether an interrupt request is present or absent
is indicated by the interrupt request bit. The interrupt request bit and the interrupt priority level selection
bit are located in the interrupt control register of each interrupt. Also, the interrupt enable flag (I flag) and
the IPL are located in the flag register (FLG).
Figure 2.7.3 shows the interrupt control registers.
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Symbol Address When reset
. OSDIIC(i=1, 2) 004416, 004816 XXXX?0002
Intel’rupt control reg|ster BCNIC 004A16 XXXX?0002
DMIIC(i=0, 1) 004B16, 004C16 XXXX?0002
ADIC 004E16 XXXX?0002
SiTIC(i=0,2) 005116, 004F16 XXXX?0002
SIRIC(i=0, 2) 005216, 005016 XXXX?0002
DSIC 005316 XXXX?0002
VSYNCIC 005416 XXXX?0002
TAIIC(i=0to 4) 005516 to 005916 XXXX?0002
b7 be bs bé b8 b2 bL o TBIIC(i=0t0 2) 005A16t0 005C16  XXXX?0002
oo v v | Bit symbol Bit name Function R! W
S ILVLO Interrupt priority level |
A select bit b2 b1 b0 . . o0
oo 000 : Level O (interrupt disabled) ;
[ T T T B 001: Levell ;
I ILvLL 010: Level2 |
A 011: Level3 o' 0
100: Level 4
o 101: Level5 .
A ILVL2 110: Level 6 3
o 111: Level7 (@) (@]
. IR Interrupt request bit 0: Interrupt not requested 0! 0
1: Interrupt requested ! (Note)
A Nothing is assigned. |
Srmtmmntedemm s In an attempt to write to these bits, write “0.” The value, if read, turns out to - =
be indeterminate.

Notes 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).
2: To rewrite the interrupt control register, do so at a point that does not generate the
interrupt register for that register. For details, see the precautions for interrupts.

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
0 | | | | | | INTIIC(i = 0, 1) 005D16, 005E16  XX00?0002

b r 1| Bit symbol Bit name Function R W
ILVLO Interrupt priority level
S A A select bit b2 L0 : . 0! 0
e 000 : Level O (interrupt disabled) !
Voo 001:Levell ;
A ILVLL 010: Level 2 ;
e 011:Level3 o0
i E E E E E 100: Level 4 i
oo 101:Level5
o ILVL2 110:Level6 !
F 111:Level?7 O (@)
R IR Interrupt request bit 0: Interrupt not requested O: 0
1: Interrupt requested ! (Note)
L POL Polarity select bit 0 : Selects falling edge
o 1: Selects rising edge o ! 0
R —— Reserved bit Must always be set to “0” o0
______________________ Nothing is assigned.

In an attempt to write to these bits, write “0.” The value, if read, turns out to - -

be indeterminate. '

Notes 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).
2: To rewrite the interrupt control register, do so at a point that does not generate the
interrupt register for that register. For details, see the precautions for interrupts.

Figure 2.7.3 Interrupt control registers
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2.7.6 Interrupt Enable Flag (I flag)
The interrupt enable flag (I flag) controls the enabling and disabling of maskable interrupts. Setting this
flag to “1” enables all maskable interrupts; setting it to “0” disables all maskable interrupts. This flag is set
to “0” after reset.

2.7.7 Interrupt Request Bit
The interrupt request bit is set to "1" by hardware when an interrupt is requested. After the interrupt is
accepted and jumps to the corresponding interrupt vector, the request bit is set to "0" by hardware. The
interrupt request bit can also be set to "0" by software. (Do not set this bit to "1").

2.7.8 Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL)
Set the interrupt priority level using the interrupt priority level select bit, which is one of the component bits
of the interrupt control register. When an interrupt request occurs, the interrupt priority level is compared
with the IPL. The interrupt is enabled only when the priority level of the interrupt is higher than the IPL.
Therefore, setting the interrupt priority level to “0” disables the interrupt.
Table 2.7.3 shows the settings of interrupt priority levels and Table 2.7.4 shows the interrupt levels en-
abled, according to the consist of the IPL.

The following are conditions under which an interrupt is accepted:
- interrupt enable flag (I flag) = 1

- interrupt request bit = 1

- interrupt priority level > IPL

The interrupt enable flag (I flag), the interrupt request bit, the interrupt priority select bit, and the IPL are
independent, and they are not affected by one another.

Table 2.7.3 Settings of interrupt priority levels Table 2.7.4 Interrupt levels enabled according
to the contents of the IPL

I?ésgluglggfgi? Interrtljg)\teplriority P(:irgr;y IPL Enabled interrupt priority levels
b2 bl bo IPL2 IPL1 IPLo
0 0 O Level O (interrupt disabled) 0 0O Interrupt levels 1 and above are enabled
0 0 1 . Level 1 Low 0 0 1 Interrupt levels 2 and above are enabled
01 0 Level 2 01 0 Interrupt levels 3 and above are enabled
0 1 1 Level 3 01 1 Interrupt levels 4 and above are enabled
1 0 O Level 4 1 00 Interrupt levels 5 and above are enabled
1 0 1 Level 5 1 01 Interrupt levels 6 and above are enabled
1 1 0 Level 6 Y 1 10 Interrupt levels 7 and above are enabled
1 1 1 Level 7 High 1 11 All maskable interrupts are disabled
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2.7.9 Rewrite Interrupt Control Register
To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCH1:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCHS3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the
interrupt control register is rewritten due to effects of the instruction gueue.

When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener-
ated. This will depend on the instruction. If this creates problems, use the below instructions to change
the register.

Instructions : AND, OR, BCLR, BSET
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2.7.10 Interrupt Sequence
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the
instant the interrupt routine is executed — is described here.
If an interrupt occurs during execution of an instruction, the processor determines its priority when the
execution of the instruction is completed, and transfers control to the interrupt sequence from the next
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction,
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt
sequence.
In the interrupt sequence, the processor carries out the following in sequence given:

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading ad-
dress 00000:s.

(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt se-
quence in the temporary register (Note) within the CPU.

(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U flag)
to “0” (the U flag, however does not change if the INT instruction, in software interrupt numbers 32
through 63, is executed)

(4) Saves the content of the temporary register (Note 1) within the CPU in the stack area.

(5) Saves the content of the program counter (PC) in the stack area.

(6) Sets the interrupt priority level of the accepted instruction in the IPL.

After the interrupt sequence is completed, the processor resumes executing instructions from the first
address of the interrupt routine.

Note: This register cannot be utilized by the user.

2.7.11 Interrupt Response Time
‘Interrupt response time' is the period between the instant an interrupt occurs and the instant the first
instruction within the interrupt routine has been executed. This time comprises the period from the
occurrence of an interrupt to the completion of the instruction under execution at that moment (a) and the
time required for executing the interrupt sequence (b). Figure 2.7.4 shows the interrupt response time.

Interrupt request generated  Interrupt request acknowledged

{} {} — Time
4 /

Instruction in S
7

Instruction Interrupt sequence

/
I C R (b) -

interrupt routine

Interrupt response time

Figure 2.7.4 Interrupt response time
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Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the
DIVX instruction (without wait).
Time (b) is as shown in Table 2.7.5.

Table 2.7.5 Time required for executing the interrupt sequence

Interrupt vector address| Stack pointer (SP) value 16-Bit bus, without wait 8-Bit bus, without wait
Even Even 18 cycles (Note 1) 20 cycles (Note 1)
Even Odd 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Even 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Odd 20 cycles (Note 1) 20 cycles (Note 1)

Notes 1: Add 2 cycles in the case of a DBC interrupt; add 1 cycle in the case either of an address coinci-
dence interrupt or of a single-step interrupt.
2: Locate an interrupt vector address in an even address, if possible.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

BCLK R A O o v
Address bus XA%%eoss >< Indeterminate >< SP-2 >< i >< R >< e >< =
Data bus Xin#rgreégt%nx Indeterminate >< Cosn?é%ts Xco%?éﬁts Xconecnts >< cgﬁ?gn%s ><

R U—Y Indeterminate y u u

w

I

The indeterminate segment is dependent on the queue buffer.
If the queue buffer is ready to take an instruction, a read cycle occurs.

Figure 2.7.5 Time required for executing the interrupt sequence

2.7.12 Variation of IPL when Interrupt Request is Accepted

If an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL.
If an interrupt request, that does not have an interrupt priority level, is accepted, one of the values shown
in Table 2.7.6 is set in the IPL.

Table 2.7.6 Relationship between interrupts without interrupt priority levels and IPL
Value set in the IPL

Interrupt sources without priority levels

Watchdog timer 7
Reset 0
Other Not changed
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2.7.13 Saving Registers

In the interrupt sequence, only the contents of the flag register (FLG) and that of the program counter
(PC) are saved in the stack area.

First, the processor saves the four higher-order bits of the program counter, and 4 upper-order bits and 8
lower-order bits of the FLG register, 16 bits in total, in the stack area, then saves 16 lower-order bits of the
program counter. Figure 2.7.6 shows the state of the stack as it was before the acceptance of the inter-
rupt request, and the state the stack after the acceptance of the interrupt request.

Save other necessary registers at the beginning of the interrupt routine using software. Using the
PUSHM instruction alone can save all the registers except the stack pointer (SP).

Address Stack area Address Stack area
MSB LSB MSB LSB
[SP]
m-4 m-4 Program counter (PC.)  |<a——New stack
pointer value
m-3 m-—3|  Program counter (PCw)
m-—2 > m-—2 Flag register (FLGL)
Flag register Program
m-1 m-1
[SP] - (FLGH) counter (PCh)
m Content of previous stack |- \?;?L(I:g nglg:zr m Content of previous stack
interrupt occurs
m+ 1| Content of previous stack m+ 1| Content of previous stack
Stack status before interrupt request Stack status after interrupt request
is acknowledged is acknowledged

Figure 2.7.6 State of stack before and after acceptance of interrupt request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the
content of the stack pointer, at the time of acceptance of an interrupt request, is even or odd. If the
content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the
program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at
atime. Figure 2.7.7 shows the operation of the saving registers.

Note: Stack pointer indicated by U flag.

(1) Stack pointer (SP) contains even number

Address Stack area Sequence in which order
registers are saved

[SP] - 5 (Odd)

[SP] - 4 (Even) Program counter (PCv)

(2) Saved simultaneously,
all 16 bits

[SP] — 3(Odd) Program counter (PCw)

[SP] -2 (Even) Flag register (FLGL)

(1) Saved simultaneously,
all 16 bits

t1ts

_ Flag register Program
[SP] - 1(0dd) (FLGH) counter (PCr)

[SP] (Even)

Finished saving reqisters
in two operations.

(2) Stack pointer (SP) contains odd number

Address Stack area Sequence in which order
registers are saved

[SP] -5 (Even)

[SP] — 4(Odd) Program counter (PC.) | gq— (3)

[SP =3 (Even) Program counter (PCv) y (4) Saved simultaneously
all 8 bits

[SP] - 2(Odd) Flag register (FLGL) < (1)

_ Flag register Program
[SP] -1 (Even) (FLGH) counter (PCr)[™® @)

[SP]  (Odd)

Finished saving registers
in four operations.

Note: [SP] denotes the initial value of the stack pointer (SP) when interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.

Figure 2.7.7 Operation of saving registers

60

Rev. 1.0

z MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

2.7.14 Returning from an Interrupt Routine

Executing the REIT instruction at the end of an interrupt routine returns the contents of the flag register
(FLG) as it was immediately before the start of interrupt sequence and the contents of the program
counter (PC), both of which have been saved in the stack area. Then control returns to the program that
was being executed before the acceptance of the interrupt request, so that the suspended process re-
sumes.

Return the other registers saved by software within the interrupt routine using the POPM or similar in-
struction before executing the REIT instruction.

2.7.15 Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned a higher priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral I/O interrupts) using the interrupt priority
level select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher
hardware priority is accepted.
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority),
watchdog timer interrupt, etc. are regulated by hardware.
Figure 2.7.8 shows the priorities of hardware interrupts.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

2.7.16 Interrupt priority level resolution circuit

When two or more interrupts are generated simultaneously, this circuit selects the interrupt with the highest
priority level.
Figure 2.7.9 shows the circuit that judges the interrupt priority level.
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Reset > DBC > Watchdog timer > Peripheral I/O > Single step > Address match

Figure 2.7.8 Hardware interrupts priorities

____Priority level of each interrupt ___ | oy o (initial value)

| INTL : A High

| Timer B2

| Timer BO

| Timer A3

| Timer Al

| 0sD1

] iNTO

| Timer B1

| Timer A4

| Timer A2

:
| VSYNC

el UARTO reception

| UART2 reception/ACK

: | A-D conversion

| DMA1 Priority of peripheral I/O interrupts

(if priority levels are same)

H | Bus collision detection

H osD2

| Timer AO

il Data slicer

| UARTO transmission

| UART2 transmission/NACK

| Processor interrupt priority level (IPL)

Interrupt enable flag (I flag) - ’

Address match

R R R R B e e R R

Interrupt request accepted

DBC

|
|
| Watchdog timer |—
|
|

]
I
Reset I

Figure 2.7.9 Maskable interrupts priorities (peripheral 1/O interrupts)
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2.7.17 INT Interrupt
INTO and INT1 are triggered by the edges of external inputs. The edge polarity is selected using the
polarity select bit.
As for external interrupt input, an interrupt can be generated both at the rising edge and at the falling edge
by setting “1” in the INTI interrupt polarity switching bit of the interrupt request cause select register
(035F1s). To select both edges, set the polarity switching bit of the corresponding interrupt control register
to ‘falling edge’ (“0”).
Figure 2.7.10 shows the Interrupt control reserved register, Figure 2.7.11 shows the Interrupt request
cause select register.

Interrupt control reserved register i

b7 b6 b5 b4 b3 b2 bl bo

| 0 | 0 | 0 |o | 0 | 0 | 0 | 0 | Symbpl Address When reset
S REIIC (i=0to 5) 004516, 004616, 004718, Indeterminate
004916, 005F16, 004D16 Indeterminate
: b i i 1| Bitsymbol | Bit name Function R W
il il il Reserved bits Must always be setto 0" [} O

Figure 2.7.10 Interrupt control reserved register i

Interrupt request cause select register

b7 b6 b5 b4 b3 b2 bl bo

[ofofofofofol T 1 s e when s
Bit symbol Bit name Function R W
o esro | To meruptpoary 0 O, olo
I Er T o0
S O S Reserved bits Must always be set to “0” O O

Figure 2.7.11 Interrupt request cause select register
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2.7.18 Address Match Interrupt

An address match interrupt is generated when the address match interrupt address register contents
match the program counter value. Two address match interrupts can be set, each of which can be
enabled and disabled by an address match interrupt enable bit. Address match interrupts are not af-
fected by the interrupt enable flag (I flag) and processor interrupt priority level (IPL). The value of the
program counter (PC) for an address match interrupt varies depending on the instruction being executed.
Figures 2.7.12 and 2.7.13 show the address match interrupt-related registers.

b7 b6 b5 b4 b3 b2 bl bo

Address match interrupt enable register

_________________________________ Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to
be indeterminated.

Symbol Address When reset
AIER 000916 XXXXXX002
Bit symbol Bit name Function RIW
T bensnasd AIERO |Address match interrupt O | ¢ |nterrupt disabled oi o
enable bit | 1 : nterrupt enabled :
oo ] AIER1 |Address match interrupt 1 | O : Interrupt disabled 00
enable bit | 1: Interrupt enabled !
] Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to ——
be indeterminated. !
Figure 2.7.12 Address match interrupt enable register
Address match interrupt registeri (i =0, 1)
(b23) (b19) (b16)(b15) (08) Symbol Address When reset
& P8 b0 b7 Lt % RMADO 001216 to 001016 X0000016
DXXXIX | | | RMAD1 00161610 001416  X000001s
Function Values that can be set |R Iw
‘---1 Address setting register for address match interrupt 0000016 to FFFFF16  |O!O

Figure 2.7.13 Address match interrupt registeri (i=0, 1)
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2.7.19 Precautions for Interrupts
(1) Reading address 00000 1s

* When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number and
interrupt request level) in the interrupt sequence.
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “0”.
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to “0”.
Though the interrupt is generated, the interrupt routine may not be executed.
Do not read address 0000015 by software.

(2) Setting the stack pointer
* The value of the stack pointer immediately after reset is initialized to 00001s. Accepting an interrupt
before setting a value in the stack pointer may become a factor of runaway. Be sure to set a value in
the stack pointer before accepting an interrupt.

(3) External interrupt
« Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTo
and INT1 regardless of the CPU operation clock.
*When the polarity of the INTo and INT1 pins is changed, the interrupt request bit is sometimes set to
“1". After changing the polarity, set the interrupt request bit to “0”. Figure 2.7.14 shows the procedure
for changing the INT interrupt generate factor.
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Clear the interrupt enable flag to “0”
(Disable interrupt)

(Disable INTi interrupt)

C Set the interrupt priority level to level O

( Clear the interrupt request bit to “0”

Set the polarity select bit )

Set the interrupt priority level to level 1 to 7
(Enable the accepting of INTi interrupt request)

Set the interrupt enable flag to “1”
(Enable interrupt)

Figure 2.7.14 Switching condition of INT interrupt request

(5) Rewrite interrupt control register
* To rewrite the interrupt control register, do so at a point that does not generate the interrupt request
for that register. If there is possibility of the interrupt request occur, rewrite the interrupt control regis-
ter after the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCH1:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCHS3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the
interrupt control register is rewritten due to effects of the instruction gueue.

* When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been
generated. This will depend on the instruction. If this creates problems, use the below instructions to
change the register.

Instructions : AND, OR, BCLR, BSET
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2.8 Watchdog Timer

The watchdog timer has the function of detecting when the program is out of control. The watchdog timer is
a 15-bit counter which down-counts the clock derived by dividing the BCLK using the prescaler. A watchdog
timer interrupt is generated when an underflow occurs in the watchdog timer. When XIN is selected for the
BCLK, bit 7 of the watchdog timer control register (address 000F16) selects the prescaler division ratio (by
16 or by 128). When XcCIN is selected as the BCLK , the prescaler is set for division by 2 regardless of bit 7
of the watchdog timer control register (address 000F16). Thus the watchdog timer’s period can be calcu-
lated as given below. The watchdog timer’s period is, however, subject to an error due to the pre-scaler.

With X~ chosen for BCLK

pre-scaler dividing ratio (16 or 128) [0 watchdog timer count (32768)

Watchdog timer period =
BCLK

With X con chosen for BCLK

pre-scaler dividing ratio (2) 0 watchdog timer count (32768)
BCLK

Watchdog timer period =

For example suppose that BCLK runs at 10 MHz and that 16 has been chosen for the dividing ratio of the
pre-scaler, then the watchdog timer’s period becomes approximately 52.4 ms.

The watchdog timer is initialized by writing to the watchdog timer start register (address 000Eis) and when
a watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer is
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by
writing to the watchdog timer start register (address OOOEd:s).

Figure 2.8.1 shows the block diagram of the watchdog timer. Figure 2.8.2 shows the watchdog timer control
register and Figure 2.8.3 shows the watchdog timer start register.
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BCLK
HOLD

Write to the watchdog timer

Prescaler

A

Watchdog timer g Watchdog timer
interrupt request

start register
(addresst 000E 16) S7eFtl§|g .
RESET ©
Figure 2.8.1 Block diagram of watchdog timer
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address When reset
{000 1 1 {1 WDC 000F 16 0002?7272
Bit symbol Bit name Function R'W
(T S S High-order bit of watchdog timer OiX
Db Reserved bits Must always be set to “0” 00
A — WDC7 Prescaler select bit 0 : Divided by 16 O§O
1: Divided by 128 !
Figure 2.8.2 Watchdog timer control register
Watchdog timer start register
b7 bo Symbol Address When reset
WDTS 000E16 Indeterminate
Function RW
The watchdog timer is initialized and starts counting after a write instruction to
"""""""" this register. The watchdog timer value is always initialized to “7FFF 16” X0
regardless of whatever value is written. !

Figure 2.8.3 Watchdog timer start register

68

z MITSUBISHI
ELECTRIC

Rev. 1.0



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

2.9 DMAC

This microcomputer has two DMAC (direct memory access controller) channels that allow data to be sent to
memory without using the CPU. DMAC shares the same data bus with the CPU. The DMAC is given a
higher right of using the bus than the CPU, which leads to working the cycle stealing method. On this
account, the operation from the occurrence of DMA transfer request signal to the completion of 1-word (16-
bit) or 1-byte (8-bit) data transfer can be performed at high speed. Figure 2.9.1 shows the block diagram of
the DMAC. Table 2.9.1 shows the DMAC specifications. Figures 2.9.2 to 2.9.7 show the registers used by
the DMAC.

§ Address bus y
_l:">|DMAO source pointer SAR0(20) ':>
| | (addresses 002216 to 002016)
—>{DMAO destination pointer DARO (20) >
{} U (addresses 002616 to 0024 16)
|DMAO forward address pointer (20) (Note) |:>
—I:>{ DMAO transfer counter reload register TCRO (16) ':> :>|D|\/|A1 source pointer SARL (20) ':>
1/ (addresses 002916, 002816) [| (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) ':> :>|DMA1 destination pointer DAR1 (20) ':>
{} O (addresses 003616 to 003416)
:>| DMAL transfer counter reload register TCR1 (16) ':> |DMA1 forward address pointer (20) (Note) |:>
{/ (addresses 003916, 003816)
|DMA1 transfer counter TCR1 (16) ':> | DMA latch high-order bits | DMA latch low-order bits |
X X X ﬁ AN ﬁ X
S_ Data bus low-order bits S
\/
V
{ Data bus high-order bits \
Note: Pointer is incremented by a DMA request.

Figure 2.9.1 Block diagram of DMAC

Either a write signal to the software DMA request bit or an interrupt request signal is used as a DMA transfer
request signal. But the DMA transfer is affected neither by the interrupt enable flag (I flag) nor by the
interrupt priority level. The DMA transfer doesn't affect any interrupts either.

If the DMAC is active (the DMA enable bit is set to 1), data transfer starts every time a DMA transfer request
signal occurs. If the cycle of the occurrences of DMA transfer request signals is higher than the DMA
transfer cycle, there can be instances in which the number of transfer requests doesn't agree with the
number of transfers. For details, see the description of the DMA request bit.
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Table 2.9.1 DMAC specifications

Item

Specification

No. of channels

2 (cycle steal method)

Transfer memory space

* From any address in the 1M bytes space to a fixed address
» From a fixed address to any address in the 1M bytes space
» From a fixed address to a fixed address
(Note that DMA-related registers [002016 to 003F16] cannot be accessed)

Maximum No. of bytes transferred

128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

DMA request factors (Note)

Falling edge or both edge of pin INTo

Falling edge of pin INT:

Timer AO to timer A4 interrupt requests

Timer BO to timer B2 interrupt requests

UARTO transmission and reception interrupt requests
UART2 transmission and reception interrupt requests
A-D conversion interrupt requests

OSD1 and OSD?2 interrupt requests

Data slicer interrupt request

Vsync interrupt request

Software triggers

Channel priority

DMAO takes precedence if DMAO and DMA1 requests are generated simultaneously

Transfer unit

8 bits or 16 bits

Transfer address direction

forward/fixed (forward direction cannot be specified for both source and
destination simultaneously)

Transfer mode

* Single transfer mode
After the transfer counter underflows, the DMA enable bit turns to
“0", and the DMAC turns inactive
* Repeat transfer mode
After the transfer counter underflows, the value of the transfer counter reload register
is reloaded to the transfer counter.
The DMAC remains active unless a “0” is written to the DMA enable bit.

DMA interrupt request generation timing

When an underflow occurs in the transfer counter

Active

When the DMA enable bit is set to “1”, the DMAC is active.
When the DMAC is active, data transfer starts every time a DMA
transfer request signal occurs.

Inactive

* When the DMA enable bit is set to “0”, the DMAC is inactive.
« After the transfer counter underflows in single transfer mode

Forward address pointer and
reload timing for transfer counter

At the time of starting data transfer immediately after turning the DMAC active,

the value of one of source pointer and destination pointer - the one specified for the
forward direction - is reloaded to the forward direction address pointer, and the value
of the transfer counter reload register is reloaded to the transfer counter.

Writing to register

Registers specified for forward direction transfer are always write enabled.
Registers specified for fixed address transfer are write-enabled when
the DMA enable bit is “0".

Reading the register

Can be read at any time.
However, when the DMA enable bit is “1”, reading the register set up as the

forward register is the same as reading the value of the forward address pointer.

Note: DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the interrupt enable
flag (I flag) nor by the interrupt priority level.

70

Rev. 1.0

MITSUBISHI
ELECTRIC

~




MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

DMAO request cause select register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
DMOSL 03B816 0016
Bit symbol Bit name Function RIW
DMA request cause b3 b2 b1 b0 I
DSELO select bit 0000 : Falling edge of INTo pin o ; o
000 1: Software trigger !
0010: Timer AO !
0011:TimerAl '
0100: Timer A2 ‘
0101:Timer A3 !
DSELL 0110 : Timer A4 (DMS = 0) o 3 o
/two edges of INTo pin (DMS=1) w
0111:Timer BO(DMS =0) !
/OSD1 (DMS=1) -
1000 : Timer B1 (DMS =0) |
DSEL2 /OSD2 (DMS=1) 3
1001 : Timer B2 (DMS = 0) 0.0
/Do not use (DMS=1)
1010 : UARTO transmit :
101 1:UARTO receive 1
DSEL3 1100 : UART2 transmit ‘
1101:UART2 receive [eXNe)
1110:A-D conversion !
1111:Dataslicer ‘
Nothing is assigned. |
In an attempt to write to these bits, write “0.” - -
The value, if read, turns out to be “0.” |
DMA request cause 0 : Normal |
DMS expansign bit 1: Expanded cause @) ‘ )
DSR Software DMA If software trigger is selected, a
request bit DMA request is generated by !
setting this bit to “1” (When read, o o
the value of this bit is always “0”) !

Figure 2.9.2 DMAO request cause select register
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DMAL request cause select register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | DM1SL 03BA16 0016
o Bit symbol Bit name Function R 'W
I DMA request cause b3 b2 b1 b0 -
N DSELO select bit 0000 : Falling edge of INT1 pin !
oo 000 1 : Software trigger c:0o
A 0010: Timer AO |
0011:TimerAl i
A 0100: Timer A2 !
oo DSEL1 0101 : Timer A3 (DMS = 0) |
Voo /OSD1 (DMS = 1) oo
o 0110:Timer A4 (DMS =0) !
/OSD2 (DMS = 1) :
oo 0111:Timer BO ;
oo /Do not use (DMS = 1) |
oo DSEL2 1000: Timer B1 !
oo 1001: Timer B2 0.0
HE 1010:UARTO transmit !
o 1011:UARTO receive 1
1100 : UART2 transmit ]
Voo DSEL3 1101 : UART2 receive }
1110 :A-D conversion 0'0
A 1111:Vsyne |
Vo Nothing is assigned. !
AR T S In an attempt to write to these bits, write “0.” - =
v The value, if read, turns out to be “0.” i
P DMA request 0: Normal }
Voo DMS cause expansion bit 1: Expanded cause o ‘ o
DSR Software DMA If software trigger is selected, a
] request bit DMA request is generated by o ! o
setting this bit to “1” (When read,
the value of this bit is always “0") !
Figure 2.9.3 DMAI request cause select register
DMAI control register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
|><|><| | | | | | | DMICON(i=0,1) 002C1s, 003C16 000007002
A =T symbol Bit name Function R! W
DMBIT Transfer unit bit select bit |0 : 16 bits ol 0O
A 1:8 hits !
[ A A Repeat transfer mode 0 : Single transfer
' DMASL select bit 1: Repeat transfer o %
S T S S, DMA request bit (Note 1) |9 : DMA not requested o: O
o DMAS a ( ) 1: DMA requested ' (Note 2)
S DMA enable bit 0 : Disabled 3
S DMAE 1 Enabled SRR
Source address direction | : Fixed |
SRRl DSD select bit (Note 3) 1 : Forward o O
Destination address 0 : Fixed |
B DAD direction select bit (Note 3) |1 - Forward o O
Nothing is assigned.
"""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0.” - -

Notes 1:DMA request can be cleared by resetting the bit.
2:This bit can only be set to “0.”
3:Source address direction select bit and destination address direction select bit

cannot be set to “1” simultaneously.

Figure 2.9.4 DMAI control register (i = 0, 1)
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DMAI source pointer (i = 0, 1)

(b19) (b16)(b15) (b8)
b3 bo b7 b0 b7 b0 Symbol Address When reset
! ! SARO 002216 to 002016 Indeterminate
: : SAR1 003216 to 003016 Indeterminate
. Transfer count !
Function specification RiW
* Source pointer 0000016 to FFFFF15 |0!
""""" Stores the source address Oio
_______________________________________________ Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0.”
Figure 2.9.5 DMAI source pointer (i =0, 1)
DMAI destination pointer (i = 0, 1)
(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 bo b7 50 Symbol Address When reset
|><|><|><|><| DARO 002616 to 002416 Indeterminate
T DAR1 003616 to 003416 Indeterminate
Function Transfer count R'W

U

e

A

specification

« Destination pointer

Stores the destination address

bceees 0000016 to FFFFF16 |O'O
L e e o e e e e e e ] Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0.”
Figure 2.9.6 DMAI destination pointer (i = 0, 1)
DMAI transfer counter (i = 0, 1)
(b15) (b8)
b7 b0 b7 b0
T Symbol Address When reset
1 TCRO 002916, 002816 Indeterminate
! TCR1 003916, 003816 Indeterminate
. Transfer count !
Function specification RiW

« Transfer counter
Set a value one less than the transfer count

000016 to FFFF15  [O}O

Figure 2.9.7 DMA. transfer counter (i = 0, 1)
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2.9.1 Transfer cycle
The transfer cycle consists of the bus cycle in which data is read from memory or from the SFR area
(source read) and the bus cycle in which the data is written to memory or to the SFR area (destination
write). The number of read and write bus cycles depends on the source and destination addresses. In
memory expansion mode and microprocessor mode, the number of read and write bus cycles also de-
pends on the level of the BYTE pin. Also, the bus cycle itself is longer when software waits are inserted.

(1) Effect of source and destination addresses
When 16-bit data is transferred on a 16-bit data bus, and the source and destination both start at odd
addresses, there are one more source read cycle and destination write cycle than when the source
and destination both start at even addresses.

(2) Effect of BYTE pin level
When transferring 16-bit data over an 8-bit data bus (BYTE pin = “H") in memory expansion mode and
microprocessor mode, the 16 bits of data are sent in two 8-bit blocks. Therefore, two bus cycles are
required for reading the data and two are required for writing the data. Also, in contrast to when the
CPU accesses internal memory, when the DMAC accesses internal memory (internal ROM, internal
RAM, and SFR), these areas are accessed using the data size selected by the BYTE pin.

(3) Effect of software wait
When the SFR area or a memory area with a software wait is accessed, the number of cycles is
increased for the wait by 1 bus cycle. The length of the cycle is determined by BCLK.

Figure 2.9.8 shows the example of the transfer cycles for a source read. For convenience, the destination
write cycle is shown as one cycle and the source read cycles for the different conditions are shown. In
reality, the destination write cycle is subject to the same conditions as the source read cycle, with the
transfer cycle changing accordingly. When calculating the transfer cycle, remember to apply the respec-
tive conditions to both the destination write cycle and the source read cycle. For example (2) in Figure 47,
if data is being transferred in 16-bit units on an 8-bit bus, two bus cycles are required for both the source
read cycle and the destination write cycle.
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(1) 8-bit transfers
16-hit transfers from even address and the source address is even.

BCLK

Address - Dummy
bus CPU use Source XDestination cycle CPU use

RD signal

WR signal
Data - Dummy
bus CPU use X Source XDEStlnanoanycle CPU use

(2) 16-bit transfers and the source address is odd
Transferring 16-bit data on an 8-bit data bus (In this case, there are also two destination write cycles).

BCLK

Address - Dummy
bus CPU use Source Source + 1 XDestination cycle CPU use

RD signal

WR signal

Data Dumm
CPU use S Source + 1 inati Y CPU use
bus X ource >< X)estlnatlon cycle

(3) One wait is inserted into the source read under the conditions in (1)

BCLK

Address - Dummy
bus CPU use Source Destination cycle CPU use

RD signal

WR signal

Dat
ata CPU use Source Destination, Dummy CPU use
bus cycle

(4) One wait is inserted into the source read under the conditions in (2)
(When 16-bit data is transferred on an 8-bit data bus, there are two destination write cycles).

BCLK

ﬁddress CPU use >< Source >< Source + 1 XDestination)( Dummy >< CPU use
us cycle

RD signal

WR signal
Data - Dummy
bus CPU use X Source >< Source + 1 ><Dest|nat|0n>< cycle CPU use

Note: The same timing changes occur with the respective conditions at the destination as at the source.

Figure 2.9.8 Example of the transfer cycles for a source read
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2.9.2 DMAC transfer cycles

Any combination of even or odd transfer read and write addresses is possible. Table 2.9.2 shows the
number of DMAC transfer cycles.
The number of DMAC transfer cycles can be calculated as follows:

No. of transfer cycles per transfer unit = No. of read cycles O j + No. of write cycles O k

Table 2.9.2 No. of DMAC transfer cycles

76

Single-chip mode Memory expansion mode
Transfer unit Bus width | Access address Microprocessor mode
No. of read | No. of write| No. of read | No. of write
cycles cycles cycles cycles
16-bit Even 1 1 1 1
8-bit transfers (BYTE="L") Odd 1 1 1 1
(DMBIT=“1") 8-hit Even — — 1 1
(BYTE =“H") Odd — — 1 1
16-bit Even 1 1 1 1
16-bit transfers (BYTE ="“L") Odd 2 2 2 2
(DMBIT=“0") 8-hit Even — — 2 2
(BYTE =“H") Odd — — 2 2
Coefficient j, k
Internal memory External memory
Internal ROM/RAM| Internal ROM/RAM  SFR area | Separate bus| Separate bus Multiplex
* OSD RAM bus
No wait With wait No wait With wait
1 2 2 1 2 3
Rev. 1.0
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2.9.3 DMA enable bit

Setting the DMA enable bit to 1 makes the DMAC active. The DMAC carries out the following operations

at the time data transfer starts immediately after DMAC is turned active.

(1) Reloads the value of one of the source pointer and the destination pointer - the one specified for the
forward direction - to the forward direction address pointer.

(2) Reloads the value of the transfer counter reload register to the transfer counter.
Thus overwriting 1 to the DMA enable bit with the DMAC being active carries out the operations given
above, so the DMAC operates again from the initial state at the instant 1 is overwritten to the DMA
enable bit.

2.9.4 DMA request bit

The DMAC can generate a DMA transfer request signal triggered by a factor chosen in advance out of

DMA request factors for each channel.

DMA request factors include the following.

* Factors effected by using the interrupt request signals from the built-in peripheral functions and software

DMA factors (internal factors) effected by a program.

* External factors effected by utilizing the input from external interrupt signals.

For the selection of DMA request factors, see the descriptions of the DMAI factor selection register.

The DMA request bit turns to 1 if the DMA transfer request signal occurs regardless of the DMAC's state

(regardless of whether the DMA enable bit is set 1 or to 0). It turns to 0 immediately before data transfer

starts.

In addition, it can be set to 0 by use of a program, but cannot be setto 1.

There can be instances in which a change in DMA request factor selection bit causes the DMA request bit

to turn to 1. So be sure to set the DMA request bit to O after the DMA request factor selection bit is

changed.

The DMA request bit turns to 1 if a DMA transfer request signal occurs, and turns to 0 immediately before

data transfer starts. If the DMAC is active, data transfer starts immediately, so the value of the DMA

request bit, if read by use of a program, turns out to be 0 in most cases. To examine whether the DMAC

is active, read the DMA enable bit.

Here follows the timing of changes in the DMA request bit.

(1) Internal factors
Except the DMA request factors triggered by software, the timing for the DMA request bit to turn to 1
due to an internal factor is the same as the timing for the interrupt request bit of the interrupt control
register to turn to 1 due to several factors.
Turning the DMA request bit to 1 due to an internal factor is timed to be effected immediately before
the transfer starts.

(2) External factors
An external factor is a factor caused to occur by the leading edge of input from the INTi pin (i depends
on which DMAC channel is used).
Selecting the INTI pins as external factors using the DMA request factor selection bit causes input
from these pins to become the DMA transfer request signals.
The timing for the DMA request bit to turn to 1 when an external factor is selected synchronizes with
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the signal’s edge applicable to the function specified by the DMA request factor selection bit (synchro-
nizes with the trailing edge of the input signal to each INTi pin, for example).

With an external factor selected, the DMA request bit is timed to turn to 0 immediately before data
transfer starts similarly to the state in which an internal factor is selected.

(3) The priorities of channels and DMA transfer timing

If a DMA transfer request signal falls on a single sampling cycle (a sampling cycle means one period
from the leading edge to the trailing edge of BCLK), the DMA request bits of applicable channels
concurrently turn to 1. If the channels are active at that moment, DMAO is given a high priority to start
data transfer. When DMAO finishes data transfer, it gives the bus right to the CPU. When the CPU
finishes single bus access, then DMAL starts data transfer and gives the bus right to the CPU. Figure
2.9.9 illustrates these operations.

An example in which DMA transfer is carried out in minimum cycles at the time when DMA transfer
request signals due to external factors concurrently occur.

An example in which DMA transmission is carried out in minimum
cycles at the time when DMA transmission request signals due to
external factors concurrently occur.

)
DMA1 § W ﬁ Obtainm
. ‘ ent of the

cPy 777 / W T
INTO T

DMAO

request bit
INT1

DMA1l

request bit

Figure 2.9.9 An example of DMA transfer effected by external factors
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2.10 Timer
There are eight 16-bit timers. These timers can be classified by function into timers A (five) and timers B
(three). All these timers function independently. Figures 2.10.1 and 2.10.2 show the block diagram of
timers.

Clock prescaler

xin O ° > f1

1/8

Clock prescaler reset flag (bit 7
1/4 f32 ataddress 038116) set to “1”

f1 fg f32 fc32

* Timer mode
» One-shot mode

o)
o)
o)
1»—0/O o) Timer AO interrupt

—O I Timer AO -
« Event counter mode

* Timer mode
* One-shot mode

S

o)
o)
o)
0—0/0 ¢} Timer Al interrupt

—oO I Timer A1 -
« Event counter mode

* Timer mode
* One-shot mode

o)
3 PWM mod
0 . moae
0—0/0 o I 1 Timer A2 interrupt
l Timer A2 | -

—O
« Event counter mode

* Timer mode
* One-shot mode
* PWM mode

e

Ve

Timer A3 interrupt

—oO I Timer A3 -
« Event counter mode

* Timer mode
* One-shot mode

e

e

Timer A4 interrupt
—oO { Timer A4 -
« Event counter mode

Timer B2 overflow

Figure 2.10.1 Timer A block diagram
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Clock prescaler

xin (O s - f1 xcin () 1/32
1/8 fs } Reset

Clock prescaler reset flag (bit 7
1/4 f32 at address 038116) set to “1”

- fC32

f1 fs 32 fc32
Timer A

* Timer mode

o * Pulse period/pulse width measuring mode
\ Nose | ¢ °> \ | - Timer BO interrupt
TBOIN O >_| filter o O Timer BO I-«p—>

» Event counter mode

[eNeNe]

o)
O « Timer mode
O O oXPulse period/pulse width measuring mode  Timer B1 interrupt
q -
Noise | i
TB1IN O @_@ (5% ’) l Timer B1 I—o—»

« Event counter mode

* Timer mode . .
OxPulse period/pulse width measuring mode  Timer B2 interrupt
O

| .
1 Timer B2 I—n—»

« Event counter mode

f

Noise
TB2IN Noise 3

Figure 2.10.2 Timer B block diagram

80

Rev. 1.0

z MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

2.10.1 Timer A

Figure 2.10.3 shows the block diagram of timer A. Figures 2.10.4 to 2.10.10 show the timer A-related

registers.

Except the pulse output function, timers AO through A4 all have the same function. Use the timer Ai mode

register (i = 0 to 4) bits 0 and 1 to choose the desired mode.
Timer A has the four operation modes listed as follows:
 Timer mode: The timer counts an internal count source.

» Event counter mode: The timer counts a timer over flow.

» One-shot timer mode: The timer stops counting when the count reaches “000016".
* Pulse width modulation (PWM) mode: The timer outputs pulses of a given width.

S Data bus high-order bits S
Clock source 1>
selection « Timer S Data bus low-order bits S
i —o : (F?\r/':;aMshot 1T Low-order High-order
fg 8 bits 8 bits
—0 o 1 \V4
fs2 —o Reload register (16) |
fcgz2——oO 7N 7N
« Event counter
Counter (16) |—
Up count/down count
Count start flag Always down count except
in event counter mode
« Clock selection (Address 038016)
Down count TAI Addresses ) TAj ) TAk
o) Timer AO 038716 038616 T!mer A4 T!mer Al
TB2 overflow External Timer A1 038916 038816  Timer AO Timer A2
TAj overflow ; UP/ down flag Timer A2 038Bis 038Ais Timer AL Timer A3
ial —0 . _ . tigger (Address 038419) Timer A3 038Dis 038Cis Timer A2 Timer A4
(7=i-1. Note, however, that j = 4 when i = 0) Timer A4 038Fis 038Eis Timer A3 Timer AO
TAk overflow —m o
(k =i+ 1. Note, however, that k = 0 when i = 4)
TAiouT Pulse output
(i=2,3)
I |
@] \I Toggle flip-flop
Figure 2.10.3 Block diagram of timer A
Timer Ai mode register
w7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset
| TAIMR(i=0to 4) 039616 to 039A16 0016
Por o op it Bit symbol Bit name Function RIW,
P i] T™MoDo Operation mode select bit "5"5 - Timer mode oio
T I 0 1: Event counter mode .
. HE TMOD1 1 0 : One-shot timer mode T
[ T T 11 : Pulse width modulation 00
[ (PWM) mode (Note) |
e MRO _ o ] 00
[ Function varies with each operation mode .
AL EEEEEEEEEEE MR1 o0
P s MR2 o0
P e MR3 00
b TCKO Count source select bit 0.0
e TCK1 (Function varies with each operation mode) 00
Note: Only timers 2 and 3 have PWM mode.

Figure 2.10.4 Timer Ai

mode register (i =

0to 4)
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Timer Ai register (Note)

Symbol Address When reset
®12) w b0 TAO 038716,038616 Indeterminate
TAl 038916,038816 Indeterminate
I TA2 038B16,038A16 Indeterminate
! TA3 038D16,038C16 Indeterminate
TA4 038F16,038E16 Indeterminate
i Function Values that can be set | R 'W
**==1 « Timer mode 000016 to FFFF16 O§O
Counts an internal count source !
« Event counter mode 000016 to FFFF16
Counts pulses from an timer overflow 0,0
* One-shot timer mode 000016 to FFFF16
Counts a one shot width X O
« Pulse width modulation mode (16-bit PWM) (TA2, TA3) | 000016 to FFFE16 X O
Functions as a 16-bit pulse width modulator
« Pulse width modulation mode (8-bit PWM) (TA2, TA3) 0016 to FE16
Timer low-order address functions as an 8-bit (Both high-order |X'O
prescaler and high-order address functions as an 8-bit and low-order
pulse width modulator addresses) !
Note: Read and write data in 16-bit units.
Figure 2.10.5 Timer Ai register (i=0 to 4)
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | TABSR 038016 0016
¢ov o 0 [ Bit symbol Bit name Function R W
Poror 1 = TAOS Timer AO count start flag 0 : Stops counting Oio
[ T B R TA1S Timer A1l count start flag 1: Starts counting OiO
DR TA2S Timer A2 count start flag 0.0
SRR— TA3S Timer A3 count start flag 00
S S CCLETTEEEEE TA4S Timer A4 count start flag O§O
e TBOS Timer BO count start flag Oio
. [ TB1S Timer B1 count start flag 0.0
SRR TB2S Timer B2 count start flag 0:0

Figure 2.10.6 Count start flag
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Up/down flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset

| 0 | 0 | 0 | | | | | | UDF 038416 0016
Bit symbol Bit name Function R'W
L] TAOUD |Timer AO up/down flag 0 : Down count 00
. TA1UD  |Timer Al up/down flag 1+ Up count OiO
IR E— TA2UD [Timer A2 upidonm fag | e comont s {1
S SASntEtt TA3UD  |Timer A3 up/down flag selected for up/down switching  |0:0
e TA4UD  |Timer A4 up/down flag cause 00
_ ................... Reserved bit Must always be set to “0” X O

Figure 2.10.7 Up/down flag

One-shot start flag

Nothing is assigned.
In an attempt to write to this bit, write “0.” The value, if read, turns out to be indeterminate.

Symbol Address When reset

| b7 | b6 |>bs<| b4 | b3 | b2 | b1 bo ONSF 038216 00X000002
Bit symbol Bit name Function RW
TA0OS [Timer AO one-shot start flag | 1 : Timer start oio
— TA10S | Timer Al one-shot start flag When read, the value is *0" OiO
S— TA20S | Timer A2 one-shot start flag 0!0
e TA30S  [Timer A3 one-shot start flag oio
R TA40S [ Timer A4 one-shot start flag 00

b7 b6
! select bit 00 : Do not set
: 0 1:TB2 overflow is selected
R TAOTGH 10 : TA4 overflow is selected 0.0

e TAOTGL | Timer AO event/trigger 0.0

11:TA1l overflow is selected

Figure 2.10.8 One-shot start flag
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Trigger select register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | TRGSR 038316 0016

o ov v | Bit symbol Bit name Function RIW

Timer Al event/trigger b1 bo |

A TALTGL select bit 9 00 : Do not set 00

01 : TB2 overflow is selected ;

- T S TA1TGH 10: TAO overflow is selected O o

11: TA2 overflow is selected !

Timer A2 event/trigger b3 b2

R O ettt 00: Do ot set 00

Vo 0 1: TB2 overflow is selected

e TA2TGH 10 : TAL overflow is selected e

- 11:TA3 overflow is selected

S Timer A3 event/trigger b5 b4

P TASTGL select bit 99 0 0: Do not set 00

. 0 1: TB2 overflow is selected :

T TA3TGH 10: TA2 overflow is selected 00

P 11:TA4 overflow is selected

P . ; b7 b6

P T TA4TGL gg;irt ﬁ‘:tl event/trigger 00 : Do not set 00

01 :TB2 overflow is selected

L TA4TGH 10: TA3 overflow is selected 0'0
11:TAO overflow is selected

Figure 2.10.9 Trigger select register
Clock prescaler reset flag
b7 D6 DS b4 b3 b2 bl b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
Bit symbol Bit name Function R W,

Nothing is assigned.

In an attempt to write to these bits, write “0.” The value, if read, turns out to be indeterminate.

CPSR

Clock prescaler reset flag

0 : No effect
1 : Prescaler is reset
(When read, the value is “07)

oo

Figure 2.10.10

Clock prescaler reset flag
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 2.10.1.) Figure 2.10.11
shows the timer Ai mode register in timer mode.

Table 2.10.1 Specifications of timer mode

Item Specification
Count source f1, fs, f32, fc32
Count operation » Down count

» When the timer underflows, it reloads the reload register contents before continuing counting

Divide ratio 1/(n+1) n : Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing| When the timer underflows

TA20uT/TA3out pin function| Programmable I/O port or pulse output

Read from timer Count value can be read out by reading timer Ai register

Write to timer « When counting stopped
When a value is written to timer Ai register, it is written to both reload register and counter
« When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)

Select function * Pulse output function
Each time the timer underflows, the TAiouT pin’s polarity is reversed

Timer Ai mode register

b7 06 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | 0 | 0 | 0 | |0 |0 | TAIMR(i=0to 4) 039616to 039A16 0016

Bit symbol Bit name Function RIW
: TMODO | Operation mode e o0
too--] TmoDL | select bit 00 : Timer mode 00

MRO Pulse output function 0 : Pulse is not output ;
_________ select bit (TA20UT/TA30UT pin is a normal port pin) 00

(Note 2) 1: Pulse is output (Note 1) |

(TA20UT/TA30UT pin is a pulse output pin)

________________ Reserved bits Must always be set to “0” O}O
. e MR3 0 (Must always be set to “0” in timer mode) 00

H . b7 b6 i
e TCKO Count source select bit 00:f1 0.0

H 01:fs .

e TCK1 10:f32
11:fca32 O:O

Notes 1 : The settings of the corresponding port register and port direction register
are invalid.
2 : This bit of TAIMR (i = 0, 1, 4) must always be set to “0.”

Figure 2.10.11 Timer Ai mode register in timer mode (i = 0 to 4)
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(2) Event counter mode
In this mode, the timer counts an internal timer’s overflow.

Table 2.10.2 Timer specifications in event counter mode

Item Specification
Count source » TB2 overflow, TAj overflow, TAk overflow
Count operation < Up count or down count can be selected by external signal or software

* When the timer overflows or underflows, it reloads the reload register contents
before continuing counting (Note)

Divide ratio 1/ (FFFF16 - n + 1) for up count

1/ (n + 1) for down count n: Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing|The timer overflows or underflows
TA20uTt/TA3ourt pin function |Programmable 1/O port, pulse output, or up/down count select input
Read from timer Count value can be read out by reading timer Ai register
Write to timer » When counting stopped
When a value is written to timer Ai register, it is written to both reload register and counter
« When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)
Select function * Free-run count function
Even when the timer overflows or underflows, the reload register content is not reloaded to it
« Pulse output function

Each time the timer overflows or underflows, the TAiout pin’s polarity is reversed
Note: This does not apply when the free-run function is selected.
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Timer Ai mode register

Symbol Address When reset
i TAIMR(i =0 to 4) 039616 to 039A16
Lo] [of o] [o]1] 00se
HE oo | Bit symbol Bit name Function R W
P R TMODO | Operation mode select bit | 00
... Tmob1 0 1: Event counter mode (Note 1) 00
P o MRO Pulse output function 0 : Pulse is not output ‘
_________ select bit (TA20UT/TA30UT pin is a normal port pin) |~:~

A 1: Pulse is output (Note 2) |
: Vo (TA20UT/TA30UT pin is a pulse output pin)| |

Reserved bit Must always be set to “0” O ()

MR2 Up/down pulse switching [0 : Up/down flag’s content 00

: cause select bit 1: TA20uUT/TA30UT pin’s input signal !

H (Notes 3, 4)

: MR3 0: (Must always be set to “0” in event counter mode) 00

: TCKO Count operation type select| 0 : Reload type OiO

bit 1: Free-run type i
Reserved bit Must always be set to “0” o o)

Notes 1: In event counter mode, the count source is selected by the event / trigger

select bit (addresses 038216 and 038316).

2: The settings of the corresponding port register and port direction register
are invalid.

3: This bit of TAIMR (i = 0, 1, 4) must always be set to “0.”

4: When an “L” signal is input to the input signal from TA20UT/TA30UT pin,
the downcount is activated. When “H,” the upcount is activated. Set the
corresponding port direction register to “0.”

Figure 2.10.12 Timer Ai mode register in event counter mode (i = 0 to 4)
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(3) One-shot timer mode

In this mode, the timer operates only once. (See Table 2.10.3.) When a trigger occurs, the timer starts up
and continues operating for a given period. Figure 2.10.13 shows the timer Ai mode register in one-shot
timer mode.

Table 2.10.3 Timer specifications in one-shot timer mode

ltem Specification
Count source f1, fs, f32, fca2
Count operation « The timer counts down

* When the count reaches 00001s, the timer stops counting after reloading a new count
« If atrigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio 1/n n : Set value

Count start condition * The timer overflows
» The one-shot start flag is set (= 1)

Count stop condition * A new count is reloaded after the count has reached 000016
» The count start flag is reset (= 0)

Interrupt request generation timing| The count reaches 000016

TA20uT/TA3ourt pin function | Programmable I/O port or pulse output

Read from timer When timer Ai register is read, it indicates an indeterminate value

Write to timer « When counting stopped
When a value is written to timer Ai register, it is written to both reload register and
counter

* When counting in progress

When a value is written to timer Ai register, it is written to only reload register

(Transferred to counter at next reload time)

Timer Ai mode register

D7 D06 DbS b4 b3 b2 bl b0 Symbol Address When reset
| | | 0 | | 0 | | 1 | 0 | TAMR(=0t04) 039616t0039A16 0016
Bit symbol Bit name Function RIW
: TMODO Operation mode select bit |*** ) 0,0
[ TMODL 10 : One-shot timer mode 00
MRO Pulse output function 0 : Pulse is not output

_________ select bit (TA20UT/TA30UT pin is a normal port pin) OEO

(Note 2) 1: Pulse is output (Note 1) |

(TA20UT/TA30UT pin is a pulse output pin) |
R Reserved bits Must always be set to “0” 00
_________________ MR2 Trigger select bit 0 : Count start flag is valid O§O

1: Selected by event/trigger select register !
Fommmmmonemmeoeo oo MR3 0 (Must always be set to “0” in one-shot timer mode) O§O
Femeeoeneeee e oeas TCKO Count source select bit oree 0:0

00:f1 I

: 01:fs T
e TCK1 10:f32 0!0

11:fc32 !

Notes 1 : The settings of the corresponding port register and port direction register
are invalid.

2 : This bit of TAIMR (i = 0, 1, 4) must always be set to “0.”

Figure 2.10.13 Timer Ai mode register in one-shot timer mode (i = 0 to 4)
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(4) Pulse width modulation (PWM) mode
In this mode, the timer outputs pulses of a given width in succession. (See Table 2.10.4.) In this mode, the
counter functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 2.10.14
shows the timer Ai mode register in pulse width modulation mode. Figure 2.10.15 shows the example of how
an 8-bit pulse width modulator operates.

Table 2.10.4 Timer specifications in pulse width modulation mode

Item Specification
Count source f1, fs, f32, fca2
Count operation « The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator)

« The timer reloads a new count at a rising edge of PWM pulse and continues counting
« The timer is not affected by a trigger that occurs when counting

16-bit PWM -« High level width n/fi n: Setvalue
+ Cycle time (26-1) / fi fixed
8-bit PWM » High level widthn O (m+1) / fi n: values set to timer Ai register’s high-order address
» Cycle time (28-1) O (m+1) /fi m : values set to timer Ai register’s low-order address
Count start condition * The timer overflows
« The count start flag is set (= 1)
Count stop condition * The count start flag is reset (= 0)

Interrupt request generation timing| PWM pulse goes “L”
TA20uT/TA3ourt pin function | Pulse output

Read from timer When timer Ai register is read, it indicates an indeterminate value

Write to timer * When counting stopped
When a value is written to timer Ai register, it is written to both reload register and
counter

* When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | | |O |l | 1 | 1| TAIMR(i=2 and 3) 039816 and 039916 0016
Bit symbol Bit name Function RIW
: TMODO  [Operation mode 0100 e
o] TMOD1 select bit 11:PWM mode 00
(R— MRO 1 (Must always be set to “1” in PWM mode) 00
bomemnneeead Reserved bits Must always be set to “0” (e}{e)
_______________ . : 0: Count start flag is valid
MR2 Trigger select bit 1: Selected by event/trigger select register O‘O
i_ MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator OEO
"""""""""" select bit 1: Functions as an 8-bit pulse width modulator !
H b7 b6 |
------------------------ TCKO Count source selectbit |00 :f1 0.0
H 01:fs 1
H 10:f32 !
Resssssesesseeee oy TCK1 11:fca 0.0

Figure 2.10.14 Timer Ai mode register in pulse width modulation mode (i = 2 and 3)
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Condition : Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
Timer overflow is selected

1/fiX(m+1) X@2°%-1)

'
)
-

I
o
IR
RN
P
IEEE
| [
i I I
I I
I I

Count source (Notel)

Timer overflow H

- <« 1/fiX (m+1)

(i

| 1/fiX(m+1)Xn

I

Underflow signal of
8-bit prescaler (Note2) L

PWM pulse output
from TAiouT pin

Timer Ai interrupt S
request bit “gr

fi: Frequency of count source
(fa, fs, f32, fc3z)

Notes 1: The 8-bit prescaler counts the count source.

3: m = 0016 to FE16; n = 0016 to FE1s.

Cleared to “0” when interrupt request is accepted, or cleared by software

2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.

y

Figure 2.10.15 Example of how an 8-bit pulse width modulator operates
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2.10.2 Timer B
Figure 2.10.17 shows the block diagram of timer B. Figures 2.10.17 and 2.10.20 show the timer B-related

registers.
Use the timer Bi mode register (i = 0 to 2) bits 0 and 1 to choose the desired mode.

Timer B has three operation modes listed as follows:
 Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external source or a timer overflow.
* Pulse period/pulse width measuring mode: The timer measures an external signal’s pulse period or

pulse width.
S Data bus high-order bits
Clock source selection ) Data bus low-order bits §
] [Low-order 8 bits U High-order 8 bits
f1 —-O0 « Timer A VA -
fs % « Pulse period/pulse width measurement | Reload register (16) |
—O0 o p
f3i2 —o 1 [ J t
fcaza— o « Event counter Counter (16) |
A
TBiN Polarity switching Count start flag
(i=0to2) O—and edge pulse (address 038016)
Counter reset circuit I_

Can be selected in only
event counter mode

TBi Address TBj
TBjoverflow ———OQ Timer BO 039116 039016 Timer B2
G=i-1. Timer B1 039316 039216 Timer BO
Note, however, Timer B2 039516 039416 Timer B1
j=2wheni=0)
Figure 2.10.16 Block diagram of timer B
Timer Bi mode register
7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
| i | G b5 b4 b3 b2 b1 b0 TBIMR(i = 010 2) 039B16to 039D16  00?X00002
Bit symbol Bit name Function R I W
TMODO i it | 3
Operation mode select bit | 5. Timer mode (o JENo)
0 1 : Event counter mode ‘
: TMOD1 10 : Pulse period/pulse width :
measurement mode o ; o
1 1 : Inhibited '
[ MRO Function varies with each operation mode o O
R MR1 o . O
MR2 o 0O
................ (Note 1)
X X
' (Note 2)
B T MR3 ) X
ot TCKO Count source select bit .0
R TCK1 (Function varies with each operation mode) O ' O

Notes 1: Timer BO.
2: Timer B1, timer B2.

Figure 2.10.17 Timer Bi mode register (i = 0 to 2)
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Timer Bi register (Note) Symbol Address When reset
TBO 039116, 039016 Indeterminate
(b15) (b8) TB1 039316, 039216  Indeterminate
b7 b0 |b7 bo TB2 039516, 039416  Indeterminate
i Function Values that can be set | R EW
*---1 « Timer mode 000016 to FFFF16 |~
L . 0.0
Counts the timer's period !
» Event counter mode 000016 to FFFF16
Counts external pulses input or a timer overflow OEO
« Pulse period / pulse width measurement mode
Measures a pulse period or width O}x
Note: Read and write data in 16-bit units.
Figure 2.10.18 Timer Bi register (i=0to 2)
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | TABSR 038016 0016
Bit symbol Bit name Function RIW
TAOS | Timer AO count start flag 0 : Stops counting 0.0
L. TA1S Timer Al count start flag 1: Starts counting 00
R TA2S | Timer A2 count start flag 00
S TA3S Timer A3 count start flag 00
S RLEEEEE TA4S Timer A4 count start flag 00
H R TBOS Timer BO count start flag OfO
[ TB1S Timer B1 count start flag OiO
e TB2S Timer B2 count start flag 0.0
Figure 2.10.19 Count start flag
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
CPSRF 038116 OXXXXXXX 2
; Bit symbol Bit name Function RIW
E Nothing is assigned. — i —
H In an attempt to write to these bits, write “0.” |
The value, if read, turns out to be indeterminate.
CPSR | Clock prescaler reset flag |0 : No effect
"""""""""""""" 1: Prescaler is reset 0.0
(When read, the value is “0”)

Figure 2.10.20 Clock prescaler reset flag
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 2.10.5) Figure 2.10.21
shows the timer Bi mode register in timer mode.

Table 2.10.5 Timer specifications in timer mode

Item Specification
Count source f1, fs, f32, fc32
Count operation « Counts down

* When the timer underflows, it reloads the reload register contents before continuing

counting
Divide ratio 1/(n+1) n: Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing| The timer underflows

TBin pin function Programmable 1/O port
Read from timer Count value is read out by reading timer Bi register
Write to timer * When counting stopped

When a value is written to timer Bi register, it is written to both reload register and counter
* When counting in progress

When a value is written to timer Bi register, it is written to only reload register

(Transferred to counter at next reload time)

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset

| | | | | | | 0 | 0 | TBiIMR(i=0to 2) 039B16 to 039D16 00?X00002
bt ¢ & i i 1| Bitsymbol Bit name Function R I W

TMODO i i | proo O 0

O Operation mode select bit 00 : Timer mode ‘
N TMOD1 o 0
I MRO | nvalid in timer mode o! o0
U MR1 Can be “0” or “1” O O
R A o )
oo MR2 0 (Fixed to “0” in timer mode ; i = 0) (Note 1)
oo T Nothingis assigned (=1,2). | X X

In an attempt to write to this bit, write “0.” The value, if read, turns out to|(Note 2);
be indeterminate. !
: MR3 Invalid in timer mode. |
____________________ In an attempt to write to this bit, write “0.” The value, if read in o X

timer mode, turns out to be indeterminate. !

E : ; b7 b6 j

L] TCKO Count source select bit 00:f o! o
01:fs ‘

___________________________ TCK1 10:f32 !
11:fcs2 o ©

Notes 1: Timer BO.
2: Timer B1, timer B2.

Figure 2.10.21 Timer Bi mode register in timer mode (i = 0 to 2)
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(2) Event counter mode
In this mode, the timer counts an external signal or an internal timer’s overflow. (See Table 2.10.6) Figure
2.10.22 shows the timer Bi mode register in event counter mode.

Table 2.10.6 Timer specifications in event counter mode

ltem Specification

Count source « External signals input to TBiiN pin
« Effective edge of count source can be a rising edge, a falling edge, or falling and
rising edges as selected by software

Count operation « Counts down

» When the timer underflows, it reloads the reload register contents before continuing

counting
Divide ratio 1/(n+1) n: Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing| The timer underflows

TBiin pin function Count source input
Read from timer Count value can be read out by reading timer Bi register
Write to timer * When counting stopped

When a value is written to timer Bi register, it is written to both reload register and counter
« When counting in progress

When a value is written to timer Bi register, it is written to only reload register

(Transferred to counter at next reload time)

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | 0 | 1 | TBiIMR(i=0to 2) 039B16 to 039D16  00?X00002
Bit symbol Bit name Function R W
TMODO Operation mode select bit | o0
TMODL 01: Event counter mode o o
MRO Count polarity select bsv2 e 1
8 0 0 : Counts external signal's falling O ' 0
bit (Note 1) edges :
0 1: Counts external signal's rising +
MR1 edges i
1 0: Counts external signal's falling o' 0
and rising edges
1 1: Inhibited
MR2 0 (Fixed to “0” in event counter mode; i = 0) (N(g 2)1
Nothingis assigned (=1,2. |77
In an attempt to write to this bit, write “0.” The value, if read, turns outto| X & X
be indeterminate. (Note 3)3
MR3 Invalid in timer mode. '
In an attempt to write to this bit, write “0.” The value, if read in O ' X
event counter mode, turns out to be indeterminate. '
______________________ TCKO Invalid in event counter mode. o ' o
Can be “0” or “1”. :
: TCK1 Event clock select 0 : Input from TBiIN pin (Note 4) :
R R EEEEEEE T E 1:TBj overflow o0
(j=i-1; however, j = 2 when i = 0) |

Notes 1: Valid only when input from the TBiIN pin is selected as the event clock.
If timer's overflow is selected, this bit can be “0” or “1".

Timer BO.

Timer B1, timer B2.

Set the corresponding port direction register to “0”.

hon

Figure 2.10.22 Timer Bi mode register in event counter mode (i = 0 to 2)
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(3) Pulse period/pulse width measurement mode
In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 2.10.7)
Figure 2.10.23 shows the timer Bi mode register in pulse period/pulse width measurement mode. Figure
2.10.24 shows the operation timing when measuring a pulse period. Figure 2.10.25 shows the operation
timing when measuring a pulse width.

Table 2.10.7 Timer specifications in pulse period/pulse width measurement mode
Iltem Specification

Count source

Count operation

f1, fs, f32, fc32

* Up count

« Counter value “000016" is transferred to reload register at measurement
pulse's effective edge and the timer continues counting

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

« When measurement pulse's effective edge is input (Note 1)

* When an overflow occurs. (Simultaneously, the timer Bi overflow flag
changes to “1". The timer Bi overflow flag changes to “0” when the count
start flag is “1” and a value is written to the timer Bi mode register.)

Measurement pulse input

When timer Bi register is read, it indicates the reload register’s content

(measurement result) (Note 2)

Cannot be written to

TBiN pin function
Read from timer

Write to timer

Notes 1: An interrupt request is not generated when the first effective edge is input after the timer has started counting.
2: The value read out from the timer Bi register is indeterminate until the second effective edge is input after the timer.

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | |1|0| TBIMR(i=0to 2) 039B16to 039D16  00?X00002
o : Bit symbol Bit name Function R I W
TMODO i b1 60 o' O
: Seplgcr:étitll)(i)tn mode 10 : Pulse period / pulse width .
TMOD1 measurement mode o 0
MRO Measurement mode | % .
-------- select bit 0 0 : Pulse period measurement (Interval between

measurement pulse's falling edge to falling edge) o o
0 1: Pulse period measurement (Interval between |
measurement pulse's rising edge to rising edge)
MR1 10 : Pulse width measurement (Interval between
measurement pulse's falling edge to rising edge,

and between rising edge to falling edge) 0.0
1 1: Inhibited
' i - : i e
MR2 0 (Fixed to “0” in pulse period/pulse width measurement mode; i = 0) (Note 2,
‘Nothing is assigned (i=1,2).
In an attempt to write to this bit, write “0.” The value, if read, turns out to be X | X
indeterminate. (Note 3)3
MR3 Timer Bi overflow 0 : Timer did not overflow o x
flag ( Note 1) 1: Timer has overflowed !
_______________________ TCKO Count source B”g f o) o)
select bit 01 fs :
10:f32 f
TCKL 11:fca2 % o

Notes 1: The timer Bi overflow flag changes to “0” when the count start flag is “1” and a value is written to the
timer Bi mode register. This flag cannot be set to “1” by software.
2: Timer BO.
3: Timer B1, timer B2.

Figure 2.10.23 Timer Bi mode register in pulse period/pulse width measurement mode (i = 0 to 2)
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When measuring measurement pulse time interval from falling edge to falling edge

Count source

Measurement pulse

Transfer Transfer

/ (indeterminate value) (measured value)

i/(Note 1) i/(Note 1)
I 1

transfer timing

/(Note 2)

Timing at which counter
reaches “000016"

Reload register « counter |_| |_|

B—

aq |
Count start flag
ugr

Timer Bi interrupt “1” ‘ ‘
request bit ugy .
e 1

Cleared to “0” when interrupt request is accepted, or cleared by software.

Timer Bi overflow flag E
ugr

Notes 1: Counter is initialized at completion of measurement.
2: Timer has overflowed.

Figure 2.10.24 Operation timing when measuring a pulse period

Count source |

Measurement pulse

Transfer ! Transfer ! Transfer | Transfer
i value) value) |

Reload register «+counter |—| |‘|
transfer timing

)
I

I

I

I

I

I

I

I

I

I I I
/(indeterminate/ (measured value)‘/(measured‘ (measured value) !
| i/ I
I

I

I

.

T

I

I

I

I

|

Timing at which counter
reaches “000016”

Count start flag
0" | | |

Timer Bi interrupt “1 ‘ i |

request bit “g |

Cleared to “0” when interrupt request is accepted, or cleared by software.

Timer Bi overflow flag &
ugr

Notes 1: Counter is initialized at completion of measurement.
2: Timer has overflowed.

Figure 2.10.25 Operation timing when measuring a pulse width
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Reserved register i

b7 b6 bS b4 b3 b2 bl bo

Symbol Address When reset
lololo]o]ofo]o]o]  TRvco 034816 000000002
A INVC1 034016 000???7??2
INVC2 03A816 000000002

Bit symbol Bit name Description R W

boldoddidild ] Reserved bits Must always be set to “0” o0

Figure 2.10.26 Reserved registeri (i=0to 2)

Reserved register i
b7 b6 b5 b4 b3 b2 bl bo S b | Add Wh t
ymbol ress en rese
|0|1|0|O|0|0|0|0| INVC3 036216 4016
[ INVC4 036616 4016
Bit symbol Bit name Description R W
Reserved bits Must always be set to “0” 0.0
e Reserved bit Must always be set to “1” 0.0
e Reserved bits Must always be set to “0” o O
Note: Set data to this register after setting bit 2 of the protect register (address 000A 16) to “1.”

Figure 2.10.27 Reserved registeri (i =3 and 4)

Reserved register i

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address  When reset
|1|0|0|0|0|0|0|0| INVC5 037616 0016
Bit symbol Bit name Description R W
Reserved bits Must always be set to “0” O :0
e Reserved bit Must always be set to “1” O @)

Figure 2.10.28 Reserved registeri (i = 5)
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(4) TBOIN noise filter

The input signal of pin TBOIN has the noise filter. The ON/OFF of noise filter and selection of filter clock
are set by bits 2 to 4 of the peripheral mode register.

Note: When using the noise filter, set bit 7 of the peripheral mode register according to the main clock

frequency.

Peripheral mode regi

b7 b6 b5 b4 b3 b2 bl bo

LD LT 1]

ster
Symbol Address When reset
PM 027D16 0XX000002
Bit symbol Bit name Function R
bl b0
BSELO 12C port selection bits 00 : None o
01:SCL1, SDA1
10:SCL2, SDA2
BSELL 11:SCL1 and SDAL, o
SCL2 and SDA2
WSELO Clock sel_ectic_)n bits of 6362 £ 0.25 ps (@)
TBOIN noise filter (removed bus width: max 0.75 ps)
(Note) 01:8us
(removed bus width: max 24 ps)
WSEL1 10:16 ps
(removed bus width: max 48 ps) (@]
11:32ps
(removed bus width: max 96 ps)
NFON ON/OFF selection 0 : Noise filter OFF 0
bit of TBOIN pin noise filter | 1 : Noise filter ON
Nothing is assigned.
In an attempt to write to this bit, write “0.” The value, if read, turns out to be —
indeterminate.
Main clock frequency 0 : f(XIN) = 10 MHz o)
SSCK selection bit 1:f(XIN) = 16 MHz

Note: The operation of MCU is not guaranteed when f(XIN) = 16 MHz.

Figure 2.10.29 Peripheral mode register
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2.11 Serial 1/0

Serial 1/0 is configured as two units: UARTO and UART2.

2.11.1 UARTO and UART2

UARTO and UART2 each have an exclusive timer to generate a transfer clock, so they operate indepen-
dently of each other.

Figure 2.11.1 shows the block diagram of UARTO and UART2. Figures 2.11.2 and 2.11.3 show the block
diagram of the transmit/receive unit.

UARTI (i = 0 and 2) has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous
serial I/O mode (UART mode). The contents of the serial I/O mode select bits (bits O to 2 at addresses 03A016
and 037816) determine whether UARTI is used as a clock synchronous serial I/0 or as a UART. Although a
few functions are different, UARTO and UARTZ2 have almost the same functions.

UARTO and UART2 are almost equal in their functions with minor exceptions. UARTZ2, in particular, is
compliant with the SIM interface and I2C-BUS interface with some extra settings added in clock-synchro-
nous serial I/0 mode (Note). It also has the bus collision detection function that generates an interrupt
request if the TxD pin and the RxD pin are different in level.

Table 2.11.1 shows the comparison of functions of UARTO and UART2, and Figures 2.11.4 to 2.11.14
show the registers related to UARTI.

Table 2.11.1 Comparison of functions of UARTO and UART2

Function UARTO UART2
CLK polarity selection Possible (Note 1) | Possible (Note 1)
LSB first / MSB first selection Possible (Note 1) | Possible (Note 2)
Continuous receive mode selection Possible (Note 1) | Possible (Note 1)
T_ransfer cl_ock output from multiple Impossible Impossible
pins selection
Serial data logic switch Impossible Possible (Note 4)
Sleep mode selection Possible (Note 3) | Impossible
TxD, RxD /O polarity switch Impossible Possible
TxD, RxD port output format CMOS output N-channel open-drain

output

Parity error signal output Impossible Possible (Note 4)
Bus collision detection Impossible Possible

Notes 1: Only when clock synchronous serial I/O mode.
2: Only when clock synchronous serial I/O mode and 8-bit UART mode.

3: Only when UART mode.
4: Using for SIM interface.
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RxD0 O —O TxDo
UART reception i Receive
Clock source selection UART 0 bit rate ‘ Recelpl_lon_ clock Transmit/
f o generator Clock synchronous type TO ! control circuit receive
fg —o0 Intenal  (address 03AL16) ; ) unit
UART transmission ' Transmit
ez o 1/(no+1) L Transmission clock
External Clock synchronous type control circuit |
Clock synchronous type
. (when internal clock is selected)
1/2 Q
O
Clock synchronous type Clock synchronous type
oK (when internal clock is selected) (when external clock is
\ selected)
polarity )/I
CLKOO reversing N
circuit
N CTSQ?/‘TS disabled
CTS/RTS selected BTSN
i RTSo
cTso/RTso O oo <l
? \Y
cc
b CTSIRTS disabled —
CTS0
0_0O
RxD2 RxD polarity L p;);lrjity _O TxD.
O reversing circuit reversin xD2
9
UART reception Receive circuit
Clock source selection UART? bit rate thcelpt]on " clock Transmit/
! control circui i
f1 o generator Clock synchronous type ! receive
; Internal (address 037916) [_O I unit
8 UART transmission | [ Transmit
fa2 Y 1/ (n2+1) : Transmission clock
External Clock synchronous type control circuit
Clock synchronous type
(when internal clock is selected)
0]
O
Clock synchronous type Clock synchronous type
(when internal clock is selected)  (when external clock is
CILKty )/I selected)
polari
CLk2O reversing - N
circuit CT|S/$LS CTS/RTS disabled
selecte e
RTS2
cts2/RTs20 o <]
Vce
{C CTSRTS disabled 7>
nO : Values set to UARTO bit rate generator (BRGO)
n2 : Values set to UART2 bit rate generator (BRG2)

Figure 2.11.1 Block diagram of UARTI (i = 0 and 2)
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Clock
synchronous type

UART (7 bits)
UART (8 bits)
UART (7 bits) UARTI receive register

PAR
1spP disabled
RxD0 O | o
2sP PAR
enabled
Clock
synchronous type
UART (8 bits)
UART (9 bits)
H H H H H H H H H H H H H H UARTO receive
0:0:0:0:0:0:0 gDs| |D7gDsgD5gD4gD3gD2gD1gDo| buffer register

- — Address 03A616 )
| MSBJ/LSB conversion circuit | Address 03A716

(—1
(-

Data bus high-order bits

Data bus low-order bits

¢ E

| MSB/LSB conversion circuit |

(

A
|Ds | | D7{Dsi{ Ds{ DaiDsiDz2{DiiDo | UARTO transmit

buffer register

Address 03A216
Address 03A316

UART (8 bits)
UART (9 bits)

UART (9 bits) Clock synchronous

UART (7 bits) UARTO transmit register

PAR
SP enabled UART

2

Q Q O
° ©

0o e}

1sp PAR Clock
disabled | synchronous
type
“«0”

UART (7 bits)
UART (8 bits)
SP: Stop bit

PAR: Parity bit

Clock synchronous
type

Figure 2.11.2 Block diagram of UARTO transmit/receive unit
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No reverse

RxD data e
02O :
reverse circuit Reverse

Clock
synchronous type

UART

€ bitl) UART(7 bits) UART?2 receive register

Clock
:ARbl g |symchronous
isabled | ne

— o

:

PAR UART Clock
enabled synchronous type
UART
(8 bits)
UART
(9 bits)
H H H H H H H H H H H H H H UART2 receive
0:0:0:0:0:0:0 5D8| |D75D65D55D45D35D25D15D°| buffer register
{} Address 037E16
| Logic reverse circuit + MSB/LSB conversion circuit | Address 037F16
Data bus high-order bits
Data bus low-order bits
| Logic reverse circuit + MSB/LSB conversion circuit |
A <>
[Ds | | DriDeiDsiDsiDsiDziDiiDol uaRT2uansmi
- - - - - - - buffer register
Address 037A16
Address 037B16
(9 bits)
UART Clock
PAR (9 bits) synchronous type
25p enabled  JART
Q
vl
o o
isp Clock . . .
;’;Smed syzzmcnous UART(7 bits) UART2 transmit register

type
(8 bits)

Clock
synchronous type

“Qr

Error signal output

disable No reverse
Error signal TxD data TxD2
output circuit reverse circuit
Error signal output Reverse
enable
SP: Stop bit
PAR: Parity bit

Figure 2.11.3 Block diagram of UART2 transmit/receive unit
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UARTI transmit buffer register
(b15) ) Symbol Address When reset
b7 b0 b7 bo uoTB 03A316, 03A216 Indeterminate
|><|><|><|><|><|><|><| | u2TB 037B16, 037A16 Indeterminate
Function R \W
' ' ' 1
R RCREECEEEEEEE Transmit data (Note) X0
] Nothing is assigned. i
In an attempt to write to these bits, write “0.” The value, if read, turns out to be indeterminate.
Figure 2.11.4 UARTI transmit buffer register (i = 0 and 2)
UARTI receive buffer register
(b15) (b8) Symbol Address When reset
b7 bo_b7 bo UORB  03A71, 03A61s Indeterminate
U2RB 037F16, 037E16 Indeterminate
: ; Function : |
' Bit . . Function !
; symbol Bit name (D“””S%rci;"ifosﬁgggm’“s (During UART mode)  |RW
hih - —— Receive data Receive data o X
_____________________________ Nothing is assigned.
In an attempt to write to these bits, write “0.” The value, if read, turns out to be “0.” e
_________________________________ ABT | Arbitration lost 0 : Not detected Invalid
detecting flag (Note 2) 1 : Detected Olo
____________________________________ OER |Overrun error flag (Note 1) | 0 : No overrun error 0 : No overrun error oix
1 : Overrun error found 1 : Overrun error found '
________________________________________ FER | Framing error flag (Note 1) | Invalid 0 : No framing error OEX
1 : Framing error found
! PER | Parity error flag (Note 1) Invalid 0 : No parity error OEX
1 : Parity error found !
R SUM [ Error sum flag (Note 1) Invalid 0 : No error ofx
1 : Error found i
Notes 1: Bits 15 through 12 are set to “0” when the serial I/O mode select bit (bits 2 to 0 at addresses
03A016 and 037816) are set to “0002" or the receive enable bit is set to “0”".
(Bit 15 is set to “0” when bits 14 to 12 all are set to “0.”) Bits 14 and 13 are also set to “0” when
the lower byte of the UARTI receive buffer register (addresses 03A6 1s and 037E1s) is read out.
2: The arbtration lost detecting flag is assigned to U2RB and is written only “0.” Nothing is
assinged to bit 11 of UORB. This bit can neither be set nor reset, when read, he the value is “0.”

Figure 2.11.5 UARTI receive buffer register (i = 0 and 2)

UARTI bit rate generator

b7 bo Symbol Address When reset
UOBRG 03Al1s Indeterminate
U2BRG 037916 Indeterminate
Function Values that can be set R IW,
H T
:L /r:'\s+s1im|ng that set value = n, BRGi divides the count source by 0016 to FF16 X O

Figure 2.11.6 UARTI bit rate generator (i = 0 and 2)
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UARTO transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
| | | | | | | | | UOMR 03A016 0016
Bit Function Function
symbol Bit name (Durlr;%ggci;(OSﬁgg;mous (During UART mode) R W
SMDO ) | Must be fixed to 001 b2 160
Serial /O mode select bit | " " 100 : Transfer data 7 bits long [O: O
000 : Serial I/O invalid 10 1: Transfer data 8 bits long
SMD1 01 0 : Inhibited 11 0: Transfer data 9 bits long !
011:Inhibited 000 : Serial I/0 invalid 00
11 1: Inhibited 010 Inhibited :
SMD2 01 1: Inhibited
111 : Inhibited 00
CKDIR [Internal/external clock 0 : Internal clock 0 : Internal clock O o
select bit 1: External clock 1 : External clock !
STPS | stop bit length select bit | Invalid 0 : One stop bit
P g 1 : Two stop bits O o
PRY | Odd/even parity select bit | Invalid Valid when bit 6 = “1”
0 : Odd parity 0.0
1 : Even parity
PRYE |Parity enable bit Invalid 0: Parity disabled oo
1: Parity enabled !
SLEP |Sleep select bit Must always be set to “0” 0: Sleep mode deselected O o
1: Sleep mode selected |
Figure 2.11.7 UARTO transmit/receive mode register
UART?2 transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | U2MR 037816 0016
] Function )
R Bit Bit name (During clock synchronous " Function RIW
i | symbol serial /0 mode) (During UART mode) !
E E E E_ SMDO . . . b2 b1 b0 3
N Serial 1/O mode select bit | Must be fixed to 001 100 : Transfer data 7 bits long |O:O
o pzoLbo . _ 10 1: Transfer data 8 bits long 1
o SMD1 828 : Isir'lt?‘lt I/c(l) invalid 110: Transfer data 9 bits long
I - inhibite 00 0: Serial /0 invalid e)
H 01 1: Inhibited . P !
HE 111 Inhibited 010 : Inhibited ;
R SMD2 - Inhibite 01 1: Inhibited |
: 111 Inhibited o0
fommemmeeeed CKDIR [Internal/external clock 0 : Internal clock 0 : Internal clock OEO
select bit 1: External clock 1 : External clock |
---------------- STPS | stop bit length select bit | Invalid 0 : One stop bit
P g 1: Two stop bits o o
___________________ PRY | Odd/even parity select bit | Invalid Valid when bit 6 = *1"
0 : Odd parity 0.0
1 : Even parity
------------------------ PRYE |Parity enable bit Invalid 0 : Parity disabled foXe)
1: Parity enabled !
........................... IoPOL | TXD, RXD /O polarity 0 : No reverse 0 : No reverse !
reverse bit 1: Reverse 1: Reverse 0.0
Usually set to “0” Usually set to “0” '

Note: Bit 2 to bit O are set to “0102” when 12C mode is used.

Figure 2.11.8 UART?2 transmit/receive mode register
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UARTO transmit/receive control register 0

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset
| uUoCo 03A416 0816

. Function ; !

Bit Bit name (During clock synchronous _ Function RIW
symbol : (During UART mode) '
serial /0O mode) !
b1 b0 b1 b0 ]

CLKO | BRG count source 00:f1is selected 00:f1is selected 0.0
select bit 01:fsis selected 01:fsis selected

CLK1 10:f32is selected 10:f32is selected o0
11 : Inhibited 11 : Inhibited
~ro/pTa : Valid when bit 4 = “0” Valid when bit 4 = “0” :

CRS CIS/?J? function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) |O:O
select bi 1: RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2)
. . 0 : Data present in transmit 0 Data p ; ; !
. . P . present in transmit register !
TXEPT ;Il';ansmlt register empty register (during transmlsspn) (during transmission) ;

9 1:No data presentin transmit | ; . N gata present in transmit o:X
register (transmission register (transmission completed) |
completed) |

CTS/RTS di f 0 : CTS/RTS function enabled 0 : CTS/RTS function enabled f
CRD | CTS/RTS disable bit | : E15/RTS function disabled | 1 : CTS/RTS function disabled !
(P6o functions as (P60 functions as o | o
programmable 1/O port) programmable 1/O port)
NCH | D I : 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output }
¢ ata output select bit | 2 1 i e N-channel 1: TXDi pin is N-channel 00
open-drain output open-drain output 1
CKPOL | CLK polarity select bit [0 Transmitdaais outputat | must always be set to “0” 3
falling edge of transfer clock '
and receive data is input at !
rising edge |
1: Transmit data is output at o i o
rising edge of transfer clock
and receive data is input at !
falling edge i
UFORM |Transfer format select bit [0 : LSB first Must always be set to “0” oio
1: MSB first |

Notes 1: Set the corresponding port direction register to “0”.
2: The settings of the corresponding port register and port direction register are invalid.

Figure 2.11.9 UARTO transmit/receive control register O
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UART?2 transmit/receive control register 0

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
u2Co 037C16 0816
. Function .
Bit . . Function
. R'W
symbol Bit name (Dunr;%r(i:;cl)tI:IkOSﬁggé;mous (During UART mode)
bl bo bl b0
CLKO | BRG count source 00:fiis selected 00:fiis selected (eX¢)
select bit 01:fsis selected 01:fsis selected
CLK1 10:f32is selected 10:f32is selected 00
11 : Inhibited 11: Inhibited
~TEBTE : Valid when bit 4 =“0” Valid when bit 4 =“0”
CRS CTS/RTS function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) OO
select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2)

0 : Data present in transmit

; N L 0 : Data present in transmit register
register (during transmission) P 9

TXEPT | Transmit register empty

. - during transmission

flag 1:No data present in transmit | ; . E\Io da?a present in tr)amsmit O:X
register (transmission register (transmission completed)
completed)

CTS/RTS di f 0 : CTS/RTS function enabled 0 : CTS/RTS function enabled

CRD | CTS/RTS disable bit |} ~re/2TS function disabled | 1 CTS/RTS function disabled

(P73 functions (P73 functions programmable (oe}
programmable 1/O port) 1/0 port)

Nothing is assigned.
In an attempt to write to this bit, write “0.” The value, if read, turns out to be “0.” -

CKPOL | CLK polarity select bit 0 : Transmit data is output at Must always be set to “0”
falling edge of transfer clock

and receive data is input at
rising edge

1: Transmit data is output at O 0
rising edge of transfer clock
and receive data is input at

falling edge
UFORM |Transfer format select bit |0 : LSB first 0: LSB first
(Note 3) 1: MSB first 1 : MSB first o0

Notes 1: Set the corresponding port direction register to “0”.
2: The settings of the corresponding port register and port direction register are invalid.
3: Only clock synchronous serial /0O mode and 8-bit UART mode are valid.

Figure 2.11.10 UART2 transmit/receive control register O
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UARTO transmit/receive control register 1

b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
uoC1 03A516 0216

Function T

Bit : . Function !
Bit name (During clock synchronous ’ RIW

symbol serial /O mode) (During UART mode)
TE Transmit enable bit 0 : Transmission disabled |0 : Transmission disabled OEO

1: Transmission enabled |1 : Transmission enabled

TI Transmit buffer 0 : Data present in 0 : Data present in
empty flag transmit buffer register transmit buffer register O x

1: No data present in 1: No data present in i

transmit buffer register transmit buffer register
RE Receive enable bit 0 : Reception disabled 0 : Reception disabled OEO

1 : Reception enabled 1 : Reception enabled i

RI Receive complete flag 0 : No data present in 0 : No data present in
receive buffer register receive buffer register oO'X

1: Data presentin 1: Data presentin

receive buffer register receive buffer register !
Nothing is assigned. _3_

In an attempt to write to these bits, write “0.” The value, if read, turns out to be “0.”

Figure 2.11.11

UARTO transmit/receive control register 1

UART2 transmit/receive control register 1

b4 b3 b2 bl bo

Symbol Address When reset
u2C1 037D16 0216

. Function : !

Bit . . Function .
symbol Bit name (During (;Iock synchronous (During UART mode) R EW

serial I/0 mode) !
TE Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled O§O

1: Transmission enabled 1 : Transmission enabled !

T Transmit buffer 0 : Data present in 0 : Data present in
empty flag transmit buffer register transmit buffer register o %

1: No data present in 1: No data present in

transmit buffer register transmit buffer register !
RE Receive enable bit 0 : Reception disabled 0 : Reception disabled OEO

1 : Reception enabled 1 : Reception enabled

RI Receive complete flag 0 : No data present in 0 : No data present in
receive buffer register receive buffer register O'X

1: Data present in 1: Data present in

receive buffer register receive buffer register '

U2IRS |UART2 transmit interrupt [ O : Transmit buffer empty 0 : Transmit buffer empty
cause select bit (TI=1) (TI=1) 00

1: Transmit is completed 1: Transmit is completed

(TXEPT = 1) (TXEPT = 1) ;

U2RRM | UART2 continuous 0 : Continuous receive Invalid
receive mode enable bit mode disabled o0

1 : Continuous receive

mode enabled !
U2LCH | Data logic select bit 0 : No reverse 0 : No reverse O§O

1: Reverse 1: Reverse !
U2ERE | Error signal output Must always be set to “0” 0 : Output disabled OEO

enable bit 1 : Output enabled

Figure 2.11.12 UART2 transmit/receive control register 1
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UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
|><| 0 | 0 | 0| 0| |0 | | UCON 03B016 X00000002
S ) Function . i
' [ Bit . " Function !
H N B Bit name (During clock synchronous " RW
' Pobob b symbol serial 1/0 mode) (During UART mode)
: i1 1+ 1 1| UOIRS |UARTO transmit 0 : Transmit buffer empty (TI=1) | 0 : Transmit buffer empty (Tl = 1) :
5 e interrupt cause select bit | 1 : Transmission completed 1: Transmission completed O JO
! R (TXEPT = 1) (TXEPT =1)
----] Reserved bit Must always be set to “0” | Must always be set to “0” e} o
UORRM [ UARTO continuous 0 : Continuous receive mode Invalid
Voo T receive mode select bit disabled ) 0.0
H o 0 : Continuous receive mode !
E [ enable !
----------------------- Reserved bits Must always be set to “0” | Must always be set to “0” 00
......................... Nothing is assigned.
In an attempt to write to this bit, write “0.” The value, if read, turns out to be “0.”
Figure 2.11.13 UART transmit/receive control register 2
UART2 special mode register
b7 b6 b5 b4 b3 b2 bl b0
z SN - Symbol Address When reset
| 0 | | | 0 | | U2SMR 037716 0016
Function }
A Bit ) ' Function ‘
. Bit name (During clock synchronous . R W
PoLobob b symbol serial I/0 mode) (During UART mode) :
oo b bt ieM | 12C mode selection bit 0 : Normal mode Must always be set to “0” !
A 1:12C mode 0.0
T T A ABC [ Arbitration lost detecting | 0: Update per bit Must always be set to “0” OEO
e flag control bit 1: Update per byte 1
oo BBS | Bus busy flag 0 : STOP condition detected Must always be set to “0” !
R S, 1: START condition detected 1) ;O
E E E E E (Note)
LSYN | SCLL sync output 0 : Disabled Must always be set to “0” oo
e enable bit 1: Enabled !
Reserved bit Must always be set to “0” Must always be set to “0”
N R —— o}le
ACSE | Auto clear function Must always be set to “0” 0 : No auto clear function
E UEECEEEEEE select bit of transmit 1: Auto clear at occurrence of |O:O
I enable bit bus collision
e SSS Transmit start condition | Must always be set to “0” | O : Ordinary
H select bit 1 : Falling edge of RxD2 O;O
: Reserved bit Must always be set to “0” Must always be set to “0” _ 1)

Note: Nothing but “0” may be written.

Figure 2.11.14 UART2 special mode register
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2.11.2 Clock synchronous serial /0 mode

The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Tables 2.11.2
and 2.11.3 list the specifications of the clock synchronous serial /0O mode. Figures 2.11.15 and 2.11.16

show the UARTI transmit/receive mode register in clock synchronous serial I/O mode.

Table 2.11.2 Specifications of clock synchronous serial /O mode (1)

Item

Specification

Transfer data format

« Transfer data length: 8 bits

Transfer clock

» When internal clock is selected (bit 3 at addresses 03A016, 037816 = “0”) :
fif 2(n+1) (Note 1) fi =f1, fs, f32

* When external clock is selected (bit 3 at addresses 03A016, 037816 = “1") :
Input from CLKi pin

Transmission/reception control

* CTS function/RTS function/CTS, RTS function chosen to be invalid

Transmission start condition

« To start transmission, the following requirements must be met:
- Transmit enable bit (bit 0 at addresses 03A516, 037D16) = “1”
- Transmit buffer empty flag (bit 1 at addresses 03A516, 037D16) = “0”
- When CTS function selected, CTS input level = “L”
« Furthermore, if external clock is selected, the following requirements must also be met:
- CLKi polarity select bit (bit 6 at addresses 03A416, 037C16) = “0”™:
CLKi input level = “H”
- CLKi polarity select bit (bit 6 at addresses 03A416, 037C1s6) = “1™:
CLKi input level = “L”

Reception start condition

* To start reception, the following requirements must be met:

- Receive enable bit (bit 2 at addresses 03A516, 037D16) = “1”

- Transmit enable bit (bit 0 at addresses 03A516, 037D16) = “1”

- Transmit buffer empty flag (bit 1 at addresses 03A516, 037Dze) = “0”

« Furthermore, if external clock is selected, the following requirements must also be
met:

- CLKi polarity select bit (bit 6 at addresses 03A416, 037C1s6) = “0"™:
CLKi input level = “H"

- CLKi polarity select bit (bit 6 at addresses 03A416, 037C16) = “1":

CLKi input level = “L”

Interrupt request
generation timing

* When transmitting

- Transmit interrupt cause select bit (bit 0 at address 03B0zs, bit 4 at address 037D1s)
="0": Interrupts requested when data transfer from UARTI transfer buffer register to
UARTI transmit register is completed

- Transmit interrupt cause select bit (bit 0 at address 03B0zs, bit 4 at address 037D1s)
="1": Interrupts requested when data transmission from UARTI transfer register is
completed

* When receiving

- Interrupts requested when data transfer from UARTiI receive register to UARTI
receive buffer register is completed

Error detection

« Overrun error (Note 2)
This error occurs when the next data is ready before contents of UARTI receive
buffer register are read out
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Table 2.11.3 Specifications of clock synchronous serial I/O mode (2)

ltem Specification
Select function * CLK polarity selection
Whether transmit data is output/input at the rising edge or falling edge of the
transfer clock can be selected
 LSB first/MSB first selection
Whether transmission/reception begins with bit O or bit 7 can be selected
« Continuous receive mode selection
Reception is enabled simultaneously by a read from the receive buffer register
 Switching serial data logic (UART?2)
Whether to reverse data in writing to the transmission buffer register or
reading the reception buffer register can be selected.
» TxD, RxD 1/O polarity reverse (UART2)
This function is reversing TxD port output and RxD port input. All I/O data
level is reversed.

Notes 1: “n” denotes the value 0016 to FF16 that is set to the UART bit rate generator.
2: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also
that the UARTI receive interrupt request bit is not set to “1".
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UARTO transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| 0 | | | | | 0 | 0 | 1 | UOMR 03A016 0016
¢+ v+ o+ 1| Bitsymbol Bit name Function RW
P11 "1__SMmDo Serial /0 mode select bit | """ _ 0,0
S SMD1 001 : Clock synchronous serial  [0'0
- 1/0 mode :
o ey SMD2 00

A CKDIR Internal/external clock 0 : Internal clock e

' select bit 1: External clock !

E D ERRERECECELED STPS 0!0
 SGRREEEEEEELEEEED PRY Invalid in clock synchronous serial /O mode 0.0
T PRYE 0!0
] SLEP 0 (Must always be set to “0” in clock synchronous serial /O mode) Oio

Figure 2.11.15 UARTO transmit/receive mode registers in clock synchronous serial I/O mode

UART?2 transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| 0 | | | | | 0 | 0 | 1 | U2MR 037816 0016

¢+ 1 0 4+ | Bitsymbol Bit name Function R W
poi bbbt ] SMDO | serial /O mode selectbit | % S
O . SMD1 00 1: Clock synchronous serial [0
A 1/0 mode :
P T SMD2 0.0
L ____________ CKDIR Internal/external clock 0 : Internal clock OEO
select bit 1: External clock
R ittt STPS 0!0
EERRRRRCEEEEEEEE PRY Invalid in clock synchronous serial I/O mode 0.0
R SRR PRYE 00
__________________________ IOPOL TxD, RxD /O polarity 0 : No reverse OEO

reverse bit (Note) 1: Reverse :

Note: Usually set to “0”.

Figure 2.11.16 UART?2 transmit/receive mode register in clock synchronous serial /O mode
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Table 2.11.4 lists the functions of the input/output pins during clock synchronous serial /O mode. Note
that for a period from when the UARTI operation mode is selected to when transfer starts, the TxDi pin
outputs a “H”. (If the N-channel open-drain is selected, this pin is in floating state.)

Table 2.11.4 Input/output pin functions in clock synchronous serial /0O mode

Programmable 1/0 port

Pin name Function Method of selection

TxDi Serial data output (Outputs dummy data when performing reception only)

(P63, P70)

RxDi Serial data input Port P62 and P71 direction register (bits 2 at address 03EE 16,

(P62, P71) bit 1 at address 03EF 16)= “0”
(Can be used as an input port when performing transmission only)

CLKi Transfer clock output Internal/external clock select bit (bit 3 at address 03A0 16, 037816) = “0”

PG, P72) [T T T T T T ST e e

( ) Transfer clock input Internal/external cIo_ck sglect bi_t (bit 3 at address 03A0 16, 037816) = “1”
Port P61 and P72 direction register (bits 1 at address 03EE 186,
bit 2 at address 03EF 16) = “0”

CTSi/RTSi CTS input CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) =“0”

(P60, P73) CTS/RTS function select bit (bit 2 at addresses 03A4 16, 037C16) = “0”
Port P60 and P73 direction register (bits O at address 03EE 186,
bit 3 at address 03EF 16) = “0”

RTS output CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) = “0”

CTS/RTS function select bit (bit 2 at address 03A4 16, 037C16) = “1”

CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) = “1”

(when transfer clock output from multiple pins and separate CTS/RTS pins functions are not selected)
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» Example of transmit timing (when internal clock is selected)
Tc

Transfer clock

Transmit enable J | |
bit (TE) ‘0" :Data is set in UARTI transmit buffer register
Transmit buffer 1"
empty flag (TI) “Q"
Transferred from UARTI transmit buffer register to UARTI transmit register
o

CTSi » ; Telk V\'
> - Stopped pulsing because CTS = “H" Stopped pulsing because transfer enable bit = “0”
CLKi

POEEREEE PEEREERE DROEEEEE

Transmit apr 3
ooy | M — =
b L —

Cleared to “0” when interrupt request is accepted, or cleared by software

Q

Shown in () are bit symbols.

The above timing applies to the following settings: Tc=TCLK=2(n+ 1) /fi
« Internal clock is selected. fi: frequency of BRGi count source (f1, f8, f32)
« CTS function is selected. n: value set to BRGI

« CLK polarity select bit = “0".
« Transmit interrupt cause select bit = “0".

» Example of receive timing (when external clock is selected)

g
Receive enable .
bit (RE) 0 ,

1
Transmit enable . . ) ) )
bit (TE) ‘0" Dummy data is set in UARTI transmit buffer register

. ‘1"
Transmit buffer
empty flag (TI) 0 —I (1)\

| Transferred from UARTI transmit buffer register to UARTI transmit register

'
RTSi

apn
CLKi

Receive data is taken in
RxDi
Transferred from UARTI receive reg!ster Read out from UARTI receive buffer register
Receive complete 1 to UARTI receive buffer register™ |
flag (RI) “0”
Receive interrupt 1" |
request bit (IR) “0"
/

Cleared to “0" when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings: Meet the following conditions are met when the CLK
« External clock is selected. input before data reception = “H”
« RTS function is selected. « Transmit enable bit —“1”
« CLK polarity select bit = “0”. * Receive enable bit —*“1”

« Dummy data write to UARTI transmit buffer register
fEXT: frequency of external clock

Figure 2.11.17 Typical transmit/receive timings in clock synchronous serial /O mode

Rev. 1.0

MITSUBISHI
ELECTRIC 113



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

(1) Polarity select function

As shown in Figure 2.11.18, the CLK polarity select bit (bit 6 at addresses 03A416, 037C16) allows
selection of the polarity of the transfer clock.

* When CLK polarity select bit = “0”

ST U T O O

| , .
TXDi X po ¥ p1 X Dz/ JX b3 X pa X ps X ps X D7 Note 1: Lgﬁgé—rﬁrf’é” dISée:st?.n not
RXDi X po X b1 X b2 X p3 X pa X D5 X ps X D7

» When CLK polarity select bit = “1”

CLKi l

| Note 2: The CLK pin level when not
TXDi >< DO }8{ D1 >< D2 )>< D3 >< D4 X D5 >< D6 >< D7 transferring data is “L".

Figure 2.11.18 Polarity of transfer clock
(2) LSB first/MSB first select function

As shown in Figure 2.11.19, when the transfer format select bit (bit 7 at addresses 03A416, 037C16) =
“0", the transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB first”.

* When transfer format select bit = “0”

S U
TXDi X 0o X b1 X p2 X p3 X D4 X ps X ps X b7

mPp | SB first
RXDi X po X b1 X D2 X D3 X Da X Ds X D6 X D7
* When transfer format select bit = “1”
e L] LT LT LI LT
TXDi ><D7><D6><D5><D4><D3><D2><D1><D0
=P \ISB first

RXDi X b7 X D6 X Ds X Da X b3 X b2 X p1 X Do

Note: This applies when the CLK polarity select bit = “0”.

Figure 2.11.19 Transfer format

114

Rev. 1.0

z MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

(3) Continuous receive mode
If the continuous receive mode enable bit (bits 2 at address 03B016, bit 5 at address 037D16) is set to
“1", the unit is placed in continuous receive mode. In this mode, when the receive buffer register is
read out, the unit simultaneously goes to a receive enable state without having to set dummy data to
the transmit buffer register back again.

(4) Serial data logic switch function (UART2)
When the data logic select bit (bit6 at address 037D16) = “1”, and writing to transmit buffer register or
reading from receive buffer register, data is reversed. Figure 2.11.20 shows the example of serial data
logic switch timing.

*When LSB first

Transfer clock " | | | | | | | |
n

TxD2 “H"
(no reverse) .« »

\ Do ) D1y D2 X D3 X D4 X D5 ) D6 f D7 |

revz " Y50 ) o1 \ D2 {03 | D2 J( 5 ) o6 )\ 07)

Figure 2.11.20 Serial data logic switch timing
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2.11.3 Clock asynchronous serial I/O (UART) mode
The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables 2.11.5 and 2.11.6 list the specifications of the UART mode. Figure 2.11.21 and
2.11.22 show the UARTI transmit/receive mode register in UART mode.

Table 2.11.5 Specifications of UART Mode (1)

ltem Specification

Transfer data format  Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected

« Start bit: 1 bit

« Parity bit: Odd, even, or nothing as selected

« Stop bit: 1 bit or 2 bits as selected

Transfer clock » When internal clock is selected (bit 3 at addresses 03A016, 037816 = “0”) :
fi/16(n+1) (Note 1) fi = f1, fs, f32

» When external clock is selected (bit 3 at addresses 03A016, 037816 =“1") :

fEXT/16(n+1)(Note 1) (Note 2)

Transmission/reception control | » CTS function/RTS function/CTS, RTS function chosen to be invalid

Transmission start condition| « To start transmission, the following requirements must be met:

- Transmit enable bit (bit O at addresses 03A516, 037D16) = “1”

- Transmit buffer empty flag (bit 1 at addresses 03A516, 037D16) = “0”

- When CTS function selected, CTS input level = “L”

Reception start condition | « To start reception, the following requirements must be met:

- Receive enable bit (bit 2 at addresses 03A516, 037D16) = “1”

- Start bit detection

Interrupt request * When transmitting

generation timing - Transmit interrupt cause select bits (bits O at address 03B01s, bit4 at
address 037D16) = “0": Interrupts requested when data transfer from UARTI
transfer buffer register to UARTI transmit register is completed

- Transmit interrupt cause select bits (bits O at address 03B01s, bit4 at
address 037D16) = “1": Interrupts requested when data transmission from
UARTI transfer register is completed

« When receiving

- Interrupts requested when data transfer from UARTI receive register to
UARTI receive buffer register is completed

Error detection * Overrun error (Note 3)
This error occurs when the next data is ready before contents of UARTI
receive buffer register are read out

* Framing error
This error occurs when the number of stop bits set is not detected

* Parity error
This error occurs when if parity is enabled, the number of 1's in parity and
character bits does not match the number of 1's set

* Error sum flag
This flag is set (= 1) when any of the overrun, framing, and parity errors is
encountered
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Table 2.11.6 Specifications of UART Mode (2)

ltem Specification
Select function * Sleep mode selection (UARTO)
This mode is used to transfer data to and from one of multiple slave micro-
computers

» Serial data logic switch (UART?2)
This function is reversing logic value of transferring data. Start bit, parity bit
and stop bit are not reversed.

* TxD, RxD I/O polarity switch
This function is reversing TxD port output and RxD port input. All I/O data
level is reversed.

Notes 1: ‘n’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.
2: fExT is input from the CLKi pin.
3: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also
that the UARTI receive interrupt request bit is not set to “1".
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UARTO transmit/receive mode register
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | UOMR 03A016 0016
Bit symbol Bit name Function RwW
Pb bbb smoo al lectbit | =% oo
R A A Serial I/0 mode select bi 100 : Transfer data 7 bits long 7
SMD1 101 : Transfer data 8 bits long 0.0
A S R —— SMD2 11 0: Transfer data 9 bits long 00
____________ CKDIR Internal / external clock 0 : Internal clock OEO
select bit 1: External clock !
STPS Stop bit length select bit 0 : One stop bit
P T 1: Two stop bits O;O
PRY Odd / even parity Valid when bit 6 = “1”
I RLLULEEIEL select bit 0 : Odd parity 00
. 1: Even parity
PRYE Parity enable bit 0 : Parity disabled OEO
v 1 : Parity enabled
__________________________ SLEP Sleep select bit 0 : Sleep mode deselected OEO
1: Sleep mode selected :
Figure 2.11.21 UARTO transmit/receive mode register in UART mode
UART?2 transmit/receive mode register
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | U2MR 037816 0016
Pt r 1ttt Bitsymbol Bit name Function RiW
i i i i i i i "] SMDO . . b2 b1 b0 Oio
e Serial /0 mode select bit 100 : Transfer data 7 bits long 7
SMD1 101 : Transfer data 8 bits long 1l
bRt SMD2 11 0: Transfer data 9 bits long 00
L ____________ CKDIR Internal / external clock 0 : Internal clock O:O
select bit 1: External clock !
STPS Stop bit length select bit 0 : One stop bit
oo T 1: Two stop bits O:O
P PRY Odd / even parity Valid when bit 6 = “1” :
S SGEREEEEEEELEEEED select bit 0 : Odd parity 00
. 1 : Even parity
PRYE Parity enable bit 0 : Parity disabled OEO
P 1 : Parity enabled
] IOPOL TxD, RxD /O polarity 0 : Noreverse OEO
reverse bit (Note) 1: Reverse !
Note: Usually set to “0”.

Figure 2.11.22 UART?2 transmit/receive mode register in UART mode
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Table 2.11.7 lists the functions of the input/output pins during UART mode. Note that for a period from
when the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-
channel open-drain is selected, this pin is in floating state.)

Table 2.11.7 Input/output pin functions in UART mode

Pin name Function Method of selection
TxDi Serial data output
(P63, P70)
RxDi Serial data input Port P62 and P71 direction register (bit 2 at address 03EE 16,
(P62, P71) bit 1 at address 03EF 16)= “0”

(Can be used as an input port when performing transmission only)

CLKi Programmable 1/O port Internal/external clock select bit (bit 3 at address 03A0 16, 037816) = “0”
(P61, P72) Transfer clock input Internal/external clock select bit (bit 3 at address 03A0 16, 037816) = “1”

Port P61 and P72 direction register (bit 1 at address 03EE 1s,
bit 2 at address 03EF 16) = “0”

CTSi/RTSi CTS input CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) =*0"

(P60, P73) CTS/RTS function select bit (bit 2 at address 03A4 16, 037C16) = “0”
Port P60 and P73 direction register (bit 0 at address 03EE 16,

bit 3 at address 03EF 16) = “0”

RTS output CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) = “0”
CTS/RTS function select bit (bit 2 at address 03A4 16, 037C16) = “1”

Programmable I/0O port | CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) = “1”
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<UARTO>
» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTS is “H” when the stop bit is checked.
Tc The transfer clock starts as the transfer starts immediately CTS changes to “L".

—m /
Transfer clock ||| ||| | |||| |||||| ||||

|

Transmit enable

| —

bit(TE) o Data is set in UARTI transmit buffer register.
Transmit buffer v _UW/ X
empty flag(TI) o \
Transferred from UARTI transmit buffer register to UARTI transmit register

o
CTSi

o |

Start Parity ~ Stop Stopped pulsing because transmit enable bit = “0”
bit bit bit

e STAPRCKOXLKOKOXOKONKPY 5P \STALKONL KON XOHOXXP Y 5P
Transmit register 1" ——
empty flag (TXEPT)

Transmit interrupt

request bit (IR) w0 —I\ : /

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior16 (n+1)/fexr
« Parity is enabled. fi : frequency of BRGi count source (f1, 8, f32)
« One stop bit. fEXT : frequency of BRGi count source (external clock)
« CTS function is selected. n : value set to BRGi
« Transmit interrupt cause select bit = “1".
<UARTO>

» Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)

Tc

Transfer clock ||| ||| ||| ||| |||| ||

Transmit enable E _I
bit(TE) .

Data is set in UARTI transmit buffer register | I_

Transmit buffer Ed | EF/ | |
empty flag(Tl) wryn \

Transferred from UARTI transmit buffer register to UARTI transmit register

R0 0 e e eee e e ee oo

Transmit register 1 —
empty flag (TXEPT) o

e S — —
\ /

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior16 (n+1)/fexT
« Parity is disabled. fi : frequency of BRGi count source (f1, 8, f32)
« Two stop bits. fEXT : frequency of BRGi count source (external clock)
« CTS function is disabled. n : value set to BRGi

« Transmit interrupt cause select bit = “0”.

Figure 2.11.23 Typical transmit/receive timings in UART mode
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<UART2>

» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)
Tc

e

Transfer clock
Transmit enable ‘1
bit(TE) 0 J Data is set in UART2 transmit buffer register
Note
Transmit buffer 1" ~
empty flag(Tl) \
Transfetred from UART2 transmit buffer register to UARTI transmit register

Start Parity  Stop
TxD2 it (gL

STAPKOX XK KONKOK P ) = voOOe00000 0L
Transmit register 1"
empty flag (TXEPT) g
Transmit interrupt ~ “1"
request bit (IR) “or

N el

Cleared to “0” when interrupt request is accepted, or cleared by software
Shown in () are bit symbols.

The above timing applies to the following settings:  Tc=16 (n+ 1) /fi
* Parity is enabled. fi : frequency of BRG2 count source (f1, f8, {32)
* One stop bit. n : value set to BRG2
« Transmit interrupt cause select bit = “1”.

Note: The transmit is started with overflow timing of BRG after having written in a value at the transmit buffer in the above timing.

<UART2, UARTO>
» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

cource [T,
source . .

Receive enable bit _I
0"

e Stop bit
f . {D:_  D7f [

Sampled “L”

RxDi

Receive data taken in

Transfer clock |

éecéption triggered when transfer clock ~ Transferred from UARTI receive register to
Receive “1" i§ ggnerated by falling edge of start bit UARTI receive buffer register \ﬁ

complete flag “0”

"7 Rl | —
7
A

Receive interrupt = «q»
request bit “qr

Cleared to “0” when interrupt request is accepted, or cleared by software

The above timing applies to the following settings :
*Parity is disabled.
*One stop bit.
*RTS function is selected.

Figure 2.11.23 Typical transmit/receive timings in UART mode
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(1) Sleep mode (UARTO)
This mode is used to transfer data between specific microcomputers among multiple microcomputers
connected using UARTO. The sleep mode is selected when the sleep select bit (bit 7 at address
03A01s) is set to “1” during reception. In this mode, the unit performs receive operation when the MSB
of the received data = “1” and does not perform receive operation when the MSB = “0".

(2) Function for switching serial data logic (UART2)
When the data logic select bit (bit 6 of address 037D16) is assigned 1, data is inverted in writing to the
transmission buffer register or reading the reception buffer register. Figure 2.11.24 shows the ex-
ample of timing for switching serial data logic.

* When LSB first, parity enabled, one stop bit

Transfer clock | | | | | | | | | | | | |
n

TxD2  “H
(no reverse) W

\sT{Do)fD1)D2)D3XD4)fD5)KD6) D7) P ) SP

TxD2

(reverse) \ST:(D_OXEXEXD_SXﬁXD_SXD_GXﬁXB)’SP

ST : Start bit
P : Even parity
SP : Stop bit

Figure 2.11.24 Timing for switching serial data logic

(3) TXD, RxD I/O polarity reverse function (UART2)
This function is to reverse TxD pin output and RxD pin input. The level of any data to be input or output
(including the start bit, stop bit(s), and parity bit) is reversed. Set this function to “0” (not to reverse) for
usual use.
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(4) Bus collision detection function and other functions (UART2)
This function is to sample the output level of the TxD pin and the input level of the RxD pin at the rising
edge of the transfer clock; if their values are different, then an interrupt request occurs. Figure 2.11.26
shows the example of detection timing of a buss collision (in UART mode).
And also, bit 5 of the special UART2 mode register is used as the selection bit for auto clear function
select bit of enable bit. Setting this bit to “1” automatically resets the transmit enable bit to “0” when “1”
is set in the bus collision detection interrupt request bit (nonconformity) (refer to Figure 2.11.25).
Bit 6 of the special UART2 mode register is used as the transmit start condition select bit. Setting this
bit to “1” starts the TxD transmission in synchronization with the falling edge of the RxD terminal (refer
to Figure 2.11.26).

Transferclock T ATA A TA A TATATA AT

TxD2 M ST Sp
iy \ ST/ \ [/
RxD2 ™ ST SP
Bus collision detection “n
interrupt request signal . |
Bus collision detection wpn
interrupt request bit - |
ST : Start bit
SP : Stop bit

Figure 2.11.25 Detection timing of a bus collision (in UART mode)

Transmit start condition select bit (Bit 6 of the UART2 special mode register)

0: In normal state

CLK I A AN N N N AN S S N AN NS N N
TXD T | |

Enabling transmission

With "1: falling edge of RxD2" selected

ew [ f L Lf _f f °f . °f °f
TxD '\ | |
RxD / | |

Figure 2.11.26 Some other functions
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2.11.4 Clock-asynchronous serial I/O mode (compliant with the SIM interface)
The SIM interface is used for connecting the microcomputer with a memory card I/C or the like; adding
some extra settings in UART2 clock-asynchronous serial I/O mode allows the user to effect this function.
Tables 2.11.8 and 2.11.9 show the specifications of clock-asynchronous serial I/O mode (compliant with
the SIM interface).

Table 2.11.8 Specifications of clock-asynchronous serial I/O mode (compliant with the SIM
interface) (1)
Item Specification
Transfer data format  Transfer data 8-bit UART mode (bit 2 through bit O of address 037816 = “1012")
* One stop bit (bit 4 of address 037816 = “0")
* With the direct format chosen

Set parity to “even” (bit 5 and bit 6 of address 037816 = “1” and “1” respectively)

Set data logic to “direct” (bit 6 of address 037D1s = “0”).

Set transfer format to LSB (bit 7 of address 037Cz16 = “0").
 With the inverse format chosen

Set parity to “odd” (bit 5 and bit 6 of address 037816 = “0” and “1” respectively)

Set data logic to “inverse” (bit 6 of address 037Dz1e = “1")

Set transfer format to MSB (bit 7 of address 037Cz16 = “1")
Transfer clock » With the internal clock chosen (bit 3 of address 037816 = “0”) : fi/ 16 (n + 1) (Note 1) : fi=ft, fs, f32
« With an external clock chosen (bit 3 of address 037816 = “1") : fext / 16 (n+1) (Note 1) (Note 2)

Transmission / reception control| * Disable the CTS and RTS function (bit 4 of address 037C16 = “1")

Other settings  The sleep mode select function is not available for UART2

* Set transmission interrupt factor to “transmission completed” (bit 4 of address 037D16 = “1")

Transmission start condition| * To start transmission, the following requirements must be met:
- Transmit enable bit (bit O of address 037D1s) = “1”
- Transmit buffer empty flag (bit 1 of address 037Dz16) = “0”

Reception start condition « To start reception, the following requirements must be met:

- Reception enable bit (bit 2 of address 037Dzse) = “1”

- Detection of a start bit

Interrupt request * When transmitting

generation timing When data transmission from the UART2 transfer register is completed
(bit 4 of address 037Dz16 = “1")

* When receiving

When data transfer from the UART2 receive register to the UART2 receive
buffer register is completed
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Table 2.11.9 Specifications of clock-asynchronous serial I/O mode (compliant with the SIM
interface) (2)

ltem Specification
Error detection « Overrun error (see the specifications of clock-asynchronous serial I/0O) (Note 3)
« Framing error (see the specifications of clock-asynchronous serial 1/0)
« Parity error (see the specifications of clock-asynchronous serial 1/0)
- On the reception side, an “L” level is output from the TxD2 pin by use of the parity error
signal output function (bit 7 of address 037D16 = “1") when a parity error is detected
- On the transmission side, a parity error is detected by the level of input to
the RxD2 pin when a transmission interrupt occurs
» The error sum flag (see the specifications of clock-asynchronous serial 1/0)

Notes 1: ‘n’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.
2: fext is input from the CLK2 pin.
3: If an overrun error occurs, the UART2 receive buffer will have the next data written in. Note also
that the UARTI receive interrupt request bit is not set to “1”".
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Tc

Transfer clock

Transmitenable 1 J
bit(TE) 0 Data is set in UARTI transmit buffer register
Transmit buffer E Y
empty flag(Tl) 0 P g \
Transferred from UARTI transmit buffer register to UARTI transmit register
Skt;‘i’ltn Parity ~ Stop
bit bit

TxD2 — Aot @@@@@@@@Q sp ST {Do XD1 XDz XDz XD XDs X0 X0 X P Y gp

RxD2
\ A “L" level returns from TxD2 due to /

the occurrence of a parity error.

(S’\il%’t‘sll‘;ond“mor level T Ngr (oKX D2 DsX DX 0K DX DX P Y 'SP ST AP0 X01 X02 X03 X0 X0s X0 Xp7 XP \SP /' The levelis

detected by the

The level is detected by the interrupt routine.
Transmit register ‘1 interrupt routine. f
empty flag (TXEPT) .
Transmit interrupt s
request bit (IR) o

N bl

Cleared to “0” when interrupt request is accepted, or cleared by software
Shown in () are bit symbols.

The above timing applies to the following settings:  Tc =16 (n+ 1) /fior 16 (n + 1) / fExT

« Parity is enabled. fi : frequency of BRGi count source (f1, f8, f32)
* One stop bit. fEXT : frequency of BRGi count source (external clock)
« Transmit interrupt cause select bit = “1". n : value set to BRGi

Tc

e

Transfer clock |_| U ]_I ]_
Receive enable 1
bit (RE) o J _
Start Parity  Stop
bit bit bit
RxD2 STADoXD1XD2XDzXDsXDsXDs XD7X P Vi sP STADoXD1 XD2XDz XD+ XDs XDs XD7 X P sp
TxD2 /
A “L" level returns from TxD2 due to
the occurrence of a parity error.

Signal conductor level STADoXD1X D2X DsX DaXDsXDsXD7X P Y'sp STADOXD1XD2X DX DaXDsXDsXD7 X P N SP/

(Note 1)
Receive complete 1" —— l_l
flag (RI) w0 N
wqn Read to receive buffer Read to receive buffer
Receive interrupt
request bit (IR) “or

N e

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings:  Tc =16 (n+1)/fior 16 (n + 1) / fexT

« Parity is enabled. fi : frequency of BRGi count source (f1, f8, f32)
« One stop bit. fEXT : frequency of BRGi count source (external clock)
« Transmit interrupt cause select bit = “0". n : value set to BRGi

Note: Equal in waveform because TxD 2 and RxD2 are connected.

Figure 2.11.27 Typical transmit/receive timing in UART mode (compliant with the SIM interface)

Rev. 1.0

126 * MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

(1) Function for outputting a parity error signal
With the error signal output enable bit (bit 7 of address 037D16) assigned “1”, you can output an “L”
level from the TxD2 pin when a parity error is detected. In step with this function, the generation timing
of a transmission completion interrupt changes to the detection timing of a parity error signal. Figure
2.11.28 shows the output timing of the parity error signal.

» LSB first

s inlinipinigiinpligiginpinlingiy
clock -«
RxD2 sT (Do D1 D2 ) D3 fD4YD5)D6) D7) P fspP

™02 Hi-Z \_ [
Receive 1 |
complete flag o
ST : Start bit
P : Even Parity
SP : Stop bit

Figure 2.11.28 Output timing of the parity error signal

(2) Direct format/inverse format
Connecting the SIM card allows you to switch between direct format and inverse format. If you choose
the direct format, Do data is output from TxDz2. If you choose the inverse format, D7 data is inverted
and output from TxD2.
Figure 2.11.29 shows the SIM interface format.

Transfer

cleck

TxD2

(direct) DO A D1 \ D2 p D3 N D4 | D5 A D6 )\ D7 P

TxD2 ~—~Vrrc YV Y i Vs Yo Vi Y oa ¥V o
(inverse)

P : Even parity

Figure 2.11.29 SIM interface format

Figure 2.11.30 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and apply
pull-up.

Microcomputer

TxD2 ‘] ®
RxD2

SIM card

Figure 2.11.30 Connecting the SIM interface
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2.11.5 UART2 Special Mode Register

The UART2 special mode register (address 037716) is used to control UART2 in various ways.
Figure 2.11.31 shows the UART?2 special mode register.

UART2 special mode register

b7 b6 b5 b4 b3 b2 bl b0

OEEDEENE

Symbol Address When reset
| U2SMR 037716 0016
Function 1
s E]'Lol Bit name (During clock synchronous (Durin FLlJ.Jrj’-(\:lt'\l’?I'nmode) R EW
Y serial I/O mode) 9 !
IICM | 12C mode selection bit 0 : Normal mode ey '
1+ 12C mode Must always be set to “0 Oio
ABC Arbitration lost detecting | 0: Update per bit Must always be set to “0” OEO
flag control bit 1: Update per byte .
BBS Bus busy flag 0 : STOP condition detected Must always be set to “0” :
1: START condition detected O:O
(Note)
LSYN | SCLL sync output 0 : Disabled Must always be set to “0” O§O
enable bit 1: Enabled !
Reserved bit Must always be set to “0” Must always be set to “0” !
[eX®)
ACSE [ Auto clear function Must always be set to “0” 0 : No auto clear function
select bit of transmit 1: Auto clear at occurrence of |O:O
enable bit bus collision i
SSS | Transmit start condition | Must always be set to “0” |0 : Ordinary
select bit 1 : Falling edge of RxD2 O;O
Reserved bit Must always be set to “0” Must always be set to “0” i o

Note: Nothing but “0” may be written.

Figure 2.11.31 UART?2 special mode register
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Table 2.11.10 Featuresin |

2C mode

Function

Normal mode

12C mode

[uN

Factor of interrupt number 10

Bus collision detection

Start condition detection or stop
condition detection (Note)

2 | Factor of interrupt number 15

UART?2 transmission

No acknowledgment detection (NACK) (Note)

w

Factor of interrupt number 16

UART?2 reception

Acknowledgment detection (ACK) (Note)

UART?2 transmission output delay

Not delayed

Delayed

P70 at the time when UART2 is in use

TxD2 (output)

SDAL1 (input/output) (Note 3)

P71 at the time when UART2 is in use

RxD2 (input)

SCL1 (input/output) (Note 3)

N|lo|lo| b~

P72 at the time when UART2 is in use

CLK2 (CMOS)

SCL2 (N-channel open-drain) (Note 3)

DMAL factor at the time when 110 1
8 | is assigned to the DMA request factor
selection bits

UART?2 reception

Acknowledgment detection (ACK)

9 | Noise filter width

15ns

50 ns

1

o

Reading P71/P72

Reading the terminal
when 0 is assigned to
the direction register

Reading the terminal regardless of the
value of the direction register (Note 3)

1

[

Initial value of UART2 output

H level (when 0 is
assigned to the CLK
polarity select bit)

The value set in latch P7 0/P67 when the port
is selected (Note 3)

1

N

P67 input/output

P67 (CMOS)

SDA2 (N-channel open-drain) (Note 3)

Notes 1: Make the settings given below when | 2C

mode is in use.

«Set 0 1 0 in bits 2, 1, 0 of the UART2

transmission-reception mode register.

«Disable the RTS/CTS function.
*Choose the LSB First function.Follow

the steps given below to switch from
a factor to another.

: Follow the steps given below to switch

from a factor to another.

1. Disable the interrupt of the
corresponding number.

2. Switch from a factor to another.

3. Reset the interrupt request flag
of the corresponding number.

4. Set an interrupt level of the
corresponding number.

. In 12C mode and when setting as | 2C-BUS

interface ports.

In the first place, the control bits related to the 12C-BUS interface are explained.

Setting 1 in the I2C mode selection bit (bit 0) goes the circuit to achieve the 12C-BUS (simplified I?°C-BUS)
interface effective. Table 2.11.10 shows the relation between the I2C mode selection bit and respective
control workings.

Since this function uses clock-synchronous serial I/O mode, be sure to set this bit to “0” in UART mode.
Figure 2.11.32 shows the functional block diagram for 12C mode. Setting “1” in the 12C mode selection bit
(IICM) causes ports P70, P67, P71, and P72 selected by bits 0 and 1 of the peripheral mode register
(address 027Dzs) to work as data transmission-reception terminals; SDA1, SDA2, clock input-output ter-
minals; SCL1, SCL2 respectively. A delay circuit is added to the SDA transmission output, so the SDA
output changes after SCL fully goes to L. An attempt to read Port P7: (SCL1), P72 (SCL2) results in
getting the terminal’s level regardless of the content of the port direction register. The initial value of SDA
transmission output in this mode goes to the value set in port (P70 when using SDA1, P67 when using
SDA2, P70 when using both SDA1 and SDA2). The interrupt factors of the bus collision detection inter-
rupt, UART: transmission interrupt, and of UART2 reception interrupt turn to the start/stop condition
detection interrupt, acknowledgment non-detection (NACK) interrupt, and acknowledgment detection
(ACK) interrupt respectively.

The start condition detection interrupt refers to the interrupt that occurs when the falling edge of the SDA
terminal is detected with the SCL terminal staying “H.” The stop condition detection interrupt refers to the
interrupt that occurs when the rising edge of the SDA terminal is detected with the SCL terminal staying
“H”. The bus busy flag (bit 2 of the special UART2 mode register) is set to “1” by the start condition
detection, and set to “0” by the stop condition detection. The acknowledgment non-detection interrupt
refers to the interrupt that occurs when the SDA terminal’s level is detected still staying “H” at the rising
edge of the 9th transmission clock. The acknowledgment detection interrupt refers to the interrupt that
occurs when SDA terminal’s level is detected already went to “L” at the 9th transmission clock. Also,
assigning 1 1 0 1 (UART2 reception) to the DMA1 request factor selection bits provides the means to start
up the DMA transfer by the effect of acknowledgment detection.
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Bit 1 of the special UART2 mode register (037716) is used as the arbitration lost detecting flag control bit.
Arbitration means the act of detecting the nonconformity between transmission data and SDA terminal
data at the timing of the SCL rising edge. This detection flag is located at bit 3 of the UART2 reception
buffer register (037F1s), and “1” is set in this flag when nonconformity is detected. Use the arbitration lost
detecting flag control bit to choose which way to use to update the flag, bit by bit or byte by byte. Setting
this bit to “1” sets the flag for each byte. When detecting nonconformity, the arbitration lost detecting flag
is set to “1” at the falling edge of the ninth clock. To update the flag, be sure to determinate the flag and set
“0” to it until the next 1-byte transfer starts after the detection of first-byte acknowledge.

Bit 3 of the UART2 special mode register is used as SCL L sync output enable bit. Setting this bit to “1”
resets the data register of port (P71 when using SCL1, P72 when using SCL2, P71 when using both SCL1
and SCL2) to “0” in synchronization with the SCL terminal’s level going to “L.”
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2.11.6 Simple | 2C-BUS interface

The 1/0O ports (P67, P70 to P72) function as I?°C-BUS interface ports. These ports are set by bits 0 and 1 of
the peripheral mode register (see Figure 2.10.33).

SCL1/P71

interface
unit SDA1/P70

SDA

scL ﬁ@\
12C-BUS SCL2/P72

SDA2/P67

Figure 2.11.33 12C-BUS interface port control
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2.12 A-D Converter

The A-D converter consists of one 8-bit successive approximation A-D converter circuit with a capacitive coupling
amplifier. Pins P102 to P107 also function as the analog signal input pins. The direction registers of these pins for A-
D conversion must therefore be set to input. The Vref connect bit (bit 5 at address 03D716) can be used to isolate the
resistance ladder of the A-D converter from the reference voltage (VREF) when the A-D converter is not used. Doing
so stops any current flowing into the resistance ladder from VREF, reducing the power dissipation. When using the A-
D converter, start A-D conversion only after setting bit 5 of 03D716 to connect VREF.

The result of A-D conversion is stored in the A-D registers of the selected pins.

Table 2.12.1 shows the performance of the A-D converter. Figure 2.12.1 shows the block diagram of the A-
D converter, and Figures 2.12.2 to 2.12.5 show the A-D converter-related registers.

Table 2.12.1 Performance of A-D converter

Item Performance
Method of A-D conversion| Successive approximation (capacitive coupling amplifier)
Analog input voltage (Note 1)| OV to AVcc (Vcc)
Operating clock @AD (Note 2)| fab/divide-by-2 of fap/divide-by-4 of fab, faAD=f(XIN)

Resolution 8-bit
Absolute precision Vcc =5V« Without sample and hold function: +5 LSB
 With sample and hold function: 5 LSB
Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
and repeat sweep mode 1
Analog input pins 6 pins (ANo to AN5)

A-D conversion start condition | « Software trigger
A-D conversion starts when the A-D conversion start flag changes to “1”
Conversion speed per pin | « Without sample and hold function
49 @aD cycles
* With sample and hold function
28 @aD cycles

Notes 1: Does not depend on use of sample and hold function.
2: Divide the frequency if f(XIN) exceeds 10 MHz, and make @AD frequency equal to 10 MHz. Without
sample and hold function, set the @aAD frequency to 250kHz min.
With the sample and hold function, set the @aD frequency to 1IMHz min.
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CKS1=1

o
fAD CKS0=1 3\ J S QAD
o 12 }—l—{ 12 b—o0

cksi=o A-D conversion rate

134

CKS0=0 selection
(Vee) VREF O————
VCSTZO Resistor ladder
25|
AVss O—0 L A A A A A A A
VCUT=1
LTI
Successive conversion register
A-D control register 1 (address 03D7 16)
A-D control register O (address 03D6 16)
Addresses Yyvy
(03C416) A-D register 0(8) -
(03C616) A-D register 1(8) -
(03C81s) A-D register 2(8) - Vref
(03CA16) A-D register 3(8) - Decoder
(03CCi16) A-D register 4(8) -t T
(03CE1s) A-D register 5(8) -~
VIN Comparator
S Data bus high-order S
S Data bus low-order S
I YVYVY
ANo (O CH2,CH1,CH0=010 S~ -
AN1 () CH2,CH1,CHO=011 S~
AN2 (O CH2,CH1,CHO=100 S~ -
AN3 (O CH2,CH1,CHO=101 S~
ANa (O CH2,CHL,CHO=110 S~ -
ANs (O CH2,CHL,CHO=111 S~ -
Figure 2.12.1 Block diagram of A-D converter
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A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| ADCONO 03D616 000007772
Bit symbol Bit name Function RIW
b2 b1 b0 ]

- CHO Analog input pin select bit | 00 0 : Do not set 0.0
00 1: Do not set .
010:ANois selected }

CH1 011:AN1is selected O:0
100: AN2is selected
101:ANS3is selected !

- CH2 110:AN4is selected o)
111:ANsis selected (Note 2) |

A-D operation mode piec

MDO . 0 0 : One-shot mode 00
select bit 0 01 : Repeat mode
10 : Single sweep mode

MD1 11 : Repeat sweep mode 0 (Note2) |o0'O
Repeat sweep mode 1 i

Reserved bit Must always be set to “0” 00

) ADST A-D conversion start flag 0 : A-D conversion disabled O§O
1: A-D conversion started |

CKSO Frequency select bit 0 0 fan/4 !s selected O%O
1:faD/2 is selected '

Notes 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.
2: When changing A-D operation mode, set analog input pin again.

Figure 2.12.2 A-D control register 0

A-D control register 1 (Note)

b7 b6 b5 b4 b3

b2 bl b0

[ofo] | o]

[

[

Symbol

ADCON1

Address
03D716

When reset
0016

Bit symbol

Bit name

Function

SCANO

SCAN1

A-D sweep pin select bit

When single sweep and repeat sweep
mode 0 are selected

bl b0

00 : Do not set

01 : ANo and AN1 (2 pins)

10 : ANo to AN3 (4 pins)

11 : ANo to ANs (6 pins)

When repeat sweep mode 1 is selected
b1 bo
00 : Do not set
0 1: Do not set
10: ANo (1 pin)
11:ANo and AN1 (2 pins)

MD2

A-D operation mode
select bit 1

0 : Any mode other than repeat sweep
mode 1
1: Repeat sweep mode 1

Reserved

bit

Most always be set to “0”

CKS1

Frequency select bit 1

0 : faD/2 or fAD/4 is selected
1:faDis selected

VCUT

Vref connect bit

0 : Vref not connected
1: Vref connected

Reserved bits

Most always be set to “0”

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Figure 2.12.3 A-D control register 1
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A-D control register 2 (Note)
b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
ADCON2 03D416 0000?7702
0|0f(O0
Bit symbol Bit name Function R W
A-D conversion method 0 : Without sample and hold
SMP select bit 1 : With sample and hold Oio
R ARRRRREE Reserved bits Must always be set to “0” offe
___________________________ Nothing is assigned. _‘ a
In an attempt to write to these bits, write “0.”
The value, if read, turns out to be “0.”
Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.
Figure 2.12.4 A-D control register 2
A-D register i Symbol Address When reset
ADi(i=0to 5) 03C416, 03C616, 03C816 Indeterminate
b7 b0 03CA16, 03CC16, 03CE16 Indeterminate
Function R W
L Eight bits of A-D conversion result oix
Figure 2.12.5 A-D registeri (i=0to 5)
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2.12.1 One-shot mode

In one-shot mode, the pin selected using the analog input pin select bit is used for one-shot A-D conver-
sion. Table 2.12.2 shows the specifications of one-shot mode. Figures 2.12.6 and 2.12.7 show the A-D
control register in one-shot mode.

Table 2.12.2 One-shot mode specifications

ltem Specification
Function The pin selected by the analog input pin select bit is used for one A-D conversion
Start condition Writing “1” to A-D conversion start flag
Stop condition « End of A-D conversion

» Writing “0” to A-D conversion start flag

Interrupt request generation timing| End of A-D conversion

Input pin One of ANo to ANs, as selected

Reading of result of A-D converter| Read A-D register corresponding to selected pin
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A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | 0 |O | 0 | | | | ADCONO 03D616 00000???2
P 11| Bitsymbol Bit name Function RIW
e ; f b2 b1 b0 i
e CHO Qirt]alog Input pin select 000 : Do not set OEO
oo 00 1: Do not set
T 010: ANo is selected !
T CH1 011:ANz1is selected 00
A 100:AN2is selected !
oo 101 :AN3is selected :
R CH2 110:AN4is selected 0.0
oo 111:ANsis selected (Note 2) 3
E E E E !. ........... MDO _ : b4 b3 3
I A-D operation mode 0 0 : One-shot mode (Note 2) O‘O
oo ] MD1 select bit 0 00
: ------------------- Reserved bit Must always be set to “0” OiO
T ADST A-D conversion start flag |0 : A-D conversion disabled OEO
1: A-D conversion started
L] CKSO0 Frequency select bit 0 0: fAD/4 is selected OEO
1: fAD/2 is selected

Notes 1: If the A-D control register is rewritten during A-D conversion, the conversion

result is indeterminate.

2: When changing A-D operation mode, it is necessary to set analog input pins

again.

Figure 2.12.6 A-D control register 0 in one-shot mode

A-D control register 1 (Note)

b7 b6 bS5 bd4 b3 b2 bl b0 Symbol Address When reset
ofof[1] JoJo] [ | ADcoNL 03D716 0016

oo Bit symbol Bit name Function RW

P v L gcaANo |A-D sweep pin Invalid in one-shot mode 00
A select bit ‘
S SCAN1 0.0
MD2 A-D operation mode 0 : Any mode other than repeat sweep Oi e}
Voo T select bit 1 mode 1
Do ] Reserved bit Must always be set to “0” O o
A , 0 : faD/2 or fAD/4 is selected
Do CKs1 Frequency select bitl 1 fapis selected oio
R RRRRRRREEEY VCUT Vref connect bit 1 : Vref connected O O
R AR RALLLELEEELEREEEEE Reserved bits Must always be set to “0” 0:0

Note: If the A-D control register is rewritten during A-D conversion, the conversion

result

is indeterminate.

Figure 2.12.7 A-D control register 1 in one-shot mode
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2.12.2 Repeat mode

In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion.
Table 2.12.3 shows the specifications of repeat mode. Figures 2.12.8 and 2.12.9 show the A-D control
register in repeat mode.

Table 2.12.3 Repeat mode specifications

Item Specification
Function The pin selected by the analog input pin select bit is used for repeated A-D
conversion
Star condition Writing “1” to A-D conversion start flag
Stop condition Writing “0” to A-D conversion start flag
Interrupt request generation timing| None generated
Input pin One of ANo to ANs, as selected
Reading of result of A-D converter; Read A-D register corresponding to selected pin
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b7 b6

b5 b4 b3 b2 bl bo

ofofa] 1]

A-D control register 0 (Note)

.........

Symbol Address When reset
ADCONO 03D616 000007772
Bit symbol Bit name Function R'W
N . b2 b1 b0 !
CHo | Analog input pin 000 : Do not set 0.0
001 : Do not set 1
010:ANo is selected |
CH1 011:ANz1is selected o0
100 : AN2 is selected
101:ANs3is selected !
CH2 110:ANa4is selected 0.0
111:ANsis selected (Note 2) !
MDO A-D operation mode b4 b3 0.0
MDL select bit 0 0 1: Repeat mode (Note 2) 00
Reserved bit Must always be set to “0” 00
ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
1 : A-D conversion started !
CKSO  [Frequency select bit 0 0:fAp/4 is selected 00
1:faD/2 is selected 1

Notes 1: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

2: When changing A-D operation mode, it is necessary to set analog input pins
again.

Figure 2.12.8 A-D conversion register O in repeat mode

b0

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl

lofo]a] fofo]

Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function RW
SCANO A-D sweep pin Invalid in repeat mode oio
select bit .
SCAN1 Oio
A-D operation mode 0 : Any mode other than repeat sweep mode 1
MD2 select bit 1 y P P O}o
Reserved bit Most always be set to “0” OEO
CKS1 Frequency select bit 1 0 : faD/2 or faD/4 is selected oo
1:faD is selected !
VCUT Vref connect bit 1: Vref connected 00
Reserved bits

Most always be set to “0”

o)fe)

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

Figure 2.12.9 A-D conversion register 1 in repeat mode
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2.12.3 Single sweep mode

In single sweep mode, the pins selected using the A-D sweep pin select bit are used for one-by-one A-D
conversion. Table 2.12.4 shows the specifications of single sweep mode. Figures 2.12.10 and 2.12.11
show the A-D control register in single sweep mode.

Table 2.12.4 Single sweep mode specifications

Iltem Specification
Function The pins selected by the A-D sweep pin select bit are used for one-by-one A-D
conversion
Start condition Writing “1” to A-D converter start flag
Stop condition * End of A-D conversion

» Writing “0” to A-D conversion start flag

Interrupt request generation timing| End of A-D conversion

Input pin ANo and ANz (2 pins), ANo to ANz (4 pins), ANo to ANs (6 pins)
Reading of result of A-D converter| Read A-D register corresponding to selected pin
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A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl bo

[T Tollo] [ ]

Symbol Address When reset
ADCONO 03D616 000007772
Bit symbol Bit name Function RW
CHO Analog input pin Invalid in single sweep mode ofo
select bit 1
CH1 00
CH2 0.0
MDO A-D operation mode P 00
select bit 0 1 0: Single sweep mode
MD1 o0
Reserved bit Must always be set to “0” 00
ADST A-D conversion start flag | 0 : A-D conversion disabled o O
1 : A-D conversion started !
CKSO0 Frequency select bit 0 0 : fap/4 is selected o O
1:fAD/2 is selected |

Note: If the A-D control register is rewritten during A-D conversion, the conversion result

is indeterminate.

Figure 2.12.10 A-D control register 0 in single sweep mode

A-D control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

ojo]1]

[ofo] | |

Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function R W
A-D sweep pin select bit | When single sweep and repeat sweep mode 0
SCANO are selected o0
b1 b0 !
00 : Do not set 1
01 :ANo and AN1 (2 pins) i
SCANL 10: ANo to AN3 (4 pins) 0.0
11: ANoto ANs (6 pins) !
A-D operation mode 0 : Any mode other than repeat sweep mode 1
mMD2 select bit 1 © 10
Reserved bit Must always be set to “0” o O
Frequency select bit 1 0 : fAD/2 or fAD/4 is selected !
cksi 1:fapis selected © O
VCUT Vref connect bit 1: Vref connected 00
Reserved bits Must always be set to “0” 00

Note: If the A-D control register is rewritten during A-D conversion, the conversion result

is indeterminate.

Figure 2.12.11 A-D control register 1 in single sweep mode
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2.12.4 Repeat sweep mode O

In repeat sweep mode 0, the pins selected using the A-D sweep pin select bit are used for repeat sweep
A-D conversion. Table 2.12.5 shows the specifications of repeat sweep mode 0. Figures 2.12.12 and
2.12.13 show the A-D control register in repeat sweep mode 0.

Table 2.12.5 Repeat sweep mode 0 specifications

Item Specification
Function The pins selected by the A-D sweep pin select bit are used for repeat sweep A-D
conversion
Start condition Writing “1” to A-D conversion start flag
Stop condition Writing “0” to A-D conversion start flag
Interrupt request generation timing| None generated
Input pin ANo and ANz (2 pins), ANo to ANz (4 pins), ANo to ANs (6 pins)
Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)

Rev. 1.0

g MITSUBISHI
ELECTRIC 143



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl bo

[ o[+ [ 1]

Symbol Address When reset
ADCONO 03D616 0000077722
Bit symbol Bit name Function RW
CHO Analog input pin Invalid in repeat sweep mode 0 e} O
select bit ;
CH1 [o}fe)
CH2 0.0
. b4 b3 |
MDO /:‘;IIDeSp;{eglon mode 11 : Repeat sweep mode 0 © :O
MD1 00
Reserved bit Must always be set to “0” 0.0
ADST A-D conversion start flag | 0 : A-D conversion disabled o EO
1: A-D conversion started |
CKSO Frequency select bit 0 0 : faD/4 is selected o O

1:faD/2 is selected

Note: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Figure 2.12.12 A-D control register 0 in repeat sweep mode 0

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl b0

[o[o[+] ToTol [ ]

Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function R'W
A-D sweep pin select bit | When single sweep and repeat sweep mode 0
SCANO are selected 00
b1 b0 !
00 : Do not set 3
01:ANo and AN1 (2 pins) |
SCAN1 10 ANo to AN3 (4 pins) o0
11:ANoto ANs (6 pins) !
A-D operation mode 0 : Any mode other than repeat sweep mode 1
MD2 select bit 1 © ;O
Reserved bit Must always be set to “0” 00
Frequency select bit 1 0 : faD/2 or fAD/4 is selected 3
CKS1 1:faDis selected © }o
VCUT Vref connect bit 1 : Vref connected o] O
Reserved bits Must always be set to “0” 00

Note: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Figure 2.12.13 A-D control register 1 in repeat sweep mode 0
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2.12.5 Repeat sweep mode 1

In repeat sweep mode 1, all pins are used for A-D conversion with emphasis on the pin or pins selected
using the A-D sweep pin select bit. Table 2.12.6 shows the specifications of repeat sweep mode 1.
Figures 2.12.14 and 2.12.15 show the A-D control register in repeat sweep mode 1.

Table 2.12.6 Repeat sweep mode 1 specifications

ltem Specification
Function All pins perform repeat sweep A-D conversion, with emphasis on the pin or
pins selected by the A-D sweep pin select bit
Example : ANo selected ANo — AN: — ANo —* ANz — ANo — ANj, etc

Start condition Writing “1” to A-D conversion start flag
Stop condition Writing “0” to A-D conversion start flag
Interrupt request generation timing| None generated

Input pin ANo (1 pin), ANo and AN (2 pins)

Reading of result of A-D converter| Read A-D register corresponding to selected pin (at any time)

A-D control register 0 (Note)
b7 D6 b5 b4 b3 b2 b1 b0 Symbol Address  When reset
| | [o]2][2] | | | ADcono 03D616 000002772
Bit symbol Bit name Function R W
CHO Analog input pin Invalid in repeat sweep mode 1 0O O
: select bit !
Lol cHL olo
Seeneeees CH2 0:0
Coeemeoonas MDO A-D operation mode bevs 0.0
: select bit 0 11 : Repeat sweep mode 1
R RRRRRLRTLES MD1 0.0
] Reserved bit Must always be set to “0” 00
o ADST A-D conversion start flag | 0 : A-D conversion disabled o EO
1: A-D conversion started |
e Frequency select bit 0 0: faD/4 is selected
- CKSO 1:fAD/2 is selected © fo
Note: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Figure 2.12.14 A-D control register O in repeat sweep mode 1
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A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo
olol1 ol Symbol Address When reset
||||||||| ADCON1 03D716 0016
o on v v v Bit symbol Bit name Function R W
: ‘1 scano A-D sweep pin select bit | When repeat sweep mode 1 is selected 030
' ' ' ' ' ' ' b1 b0 |
P 00 : Do not set |
R 01 : Do not set !
R SCAN1 10: ANo (1 pin) 00
11:ANoand AN1 (2 pins) !
R A-D operation mode 1 : Repeat sweep mode 1
MD2 select bit 1 @) ;O
bkt Reserved bit Must always be set to “0” (e} O
] Frequency select bit 1 0 : faD/2 or faD/4 is selected
. CKS1 1:faD is selected o O
 SRRRCEEEEEEEEE VCUT Vref connect bit 1 : Vref connected 0.0
beedemo Reserved bits Must always be set to “0” 0!0

Note : If the A-D control register is rewritten during A-D conversion, the conversion result

is indeterminate.

Figure 2.12.15 A-D control register 1 in repeat sweep mode 1
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2.12.6 Sample and hold
Sample and hold is selected by setting bit O of the A-D control register 2 (address 03D416) to “1”. When
sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 @aD cycle is
achieved. Sample and hold can be selected in all modes. However, in all modes, be sure to specify before
starting A-D conversion whether sample and hold is to be used.
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2.13 D-A Converter

This is an 8-bit, R-2R type D-A converter. The microcomputer contains two independent D-A converters of
this type.
D-A conversion is performed when a value is written to the corresponding D-A register. Bits 0 and 1 (D-A
output enable bits) of the D-A control register decide if the result of conversion is to be output. Do not set the
target port to output mode if D-A conversion is to be performed.
Output analog voltage (V) is determined by a set value (n : decimal) in the D-A register.

V = VREF X n/ 256 (n = 0 to 255)

VREF : reference voltage

Table 2.13.1 lists the performance of the D-A converter. Figure 2.13.1 shows the block diagram of the D-A
converter. Figure 2.13.2 shows the A-D control register, Figure 2.13.3 shows the D-A register and Figure
2.13.4 shows the D-A converter equivalent circuit.

Table 2.13.1 Performance of D-A converter

Item Performance
Conversion method R-2R method
Resolution 8 bits
Analog output pin 2 channels

Data bus low-order bits

| D-A register0 (8) | (Address 03D816)

D-A0 output enable bit

Y

| R-2R resistor ladder l—O/O—O P93/DA0

| D-Aregister1 (8) | (Address 03DA1s)

D-Al output enable bit

Y
| R-2R resistor ladder l—O/O—O P94/DAL

Figure 2.13.1 Block diagram of D-A converter
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D-A control register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset

V{} }VAWVAW.. DACON 03DC16 0016
A ; Bit symbol Bit name Function R W
DAOE D-AO output enable bit 2 83:33: g'r]s:g:g OO
DA1E D-A1 output enable bit 0 : Output disabled OEO
HE Voo e 1: Output enabled

Nothing is assigned.
In an attempt to write to these bits, write “0.” The value, if read, turns out to be “0.”

Figure 2.13.2 D-A control register

D-A registeri (i=0, 1)

Symbol Address When reset
it *’°| DAi (i=0,1)  03D816,03DA16 Indeterminate
: Function RW
_____________ Output value of D-A conversion O @]

Figure 2.13.3 D-A register i (i=0 and 1)

D-AO output enable bit

N R R R R R R R 2R
DAO OJWVHTO
2R 2R 2R 2R 2R 2R 2R 2R
Ms8 LsB
Rl APARIFARNF AR

Avss ()
VCC(VREF) O

Note 1: The above diagram shows an instance in which the D-A register is assigned 2A16.
2: The same circuit as this is also used for D-A1.
3: To reduce the current consumption when the D-A converter is not used, set the D-A output enable bit to 0 and set the D-A register to
0016 so that no current flows in the resistors Rs and 2Rs.

Figure 2.13.4 D-A converter equivalent circuit
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2.14 Data Slicer

This microcomputer includes the data slicer function for the closed caption decoder (referred to as the
CCD). This function takes out the caption data superimposed in the vertical blanking interval of a composite
video signal. A composite video signal which makes the sync chip’s polarity negative is input to the CVIN

pin.

When the data slicer function is not used, the data slicer circuit and the timing signal generating circuit can
be cut off by setting bit O of the data slicer control register 1 (address 026016) to “0.” These settings can
realize the low-power dissipation.

Note: When using the data slicer, set bit 7 of the peripheral mode register (address 027D16) according to
the main clock frequency.

Composite
video
signal

Clampin Data slicer control register 2
circuitp 9 (address 026116)
Lonrpass |, of Synosice |} ersion ﬁ
filter circuit circuit Data slicer control register 1
(address 026016)
L) Timing signal
generating |
circuit Data slicer ON/OFF
"7 77771 VHoLp | Reference
‘ voltage >
' ' generating Clock run-in
: 11000 pF| circuit - determination
| I | circuit
Comparator Clock run-in detect
Data slice line register
»—> specification (address 026916)
circuit
*—>| Start bit detecting Caption position register
iiiiiii circuit < (address 026616)
1 External circuit ¢
Note : Make the length of wiring which is connected > Data clock
to VHoLp, HLF, and CVin pin as short as generating circuit
possible so that a leakage current may not
be generated when mounting a resistor or a I8 — -
capacitor on each pin. $ Data clock position register
(address 026A16)
16-bit shift register
Int " L Data slicer
n erru;; rqueslt | > interrupt
generating circui request

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Synchronizing
signal counter

Caption data register 1 ii*ii*i**ii**i**
(addresses 026316, 026216)

Caption data register 2 YYYYYYVYVVIVVYYVYY

(addresses 026516,026416) [ [ | [ [ [ T [ T [ I T T T 111

Data bus

Figure 2.14.1 Data slicer block diagram
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2.14.1 Notes when not Using Data Slicer

When bit 0 of data slicer control register 1 (address 026016) is “0,” terminate the pins as shown in
Figure 2.14.2

<When data slicer circuit and timing signal generating circuit is in OFF state>

\_/

Apply the same voltage as Vcc to
AVcc pin. 99 | AVcc
Leave HLF pin open. Open

pInop P > HLF
Leave VHOLD pin open. Open VHOLD

_ 5 kQ or more

Pull-l_Jp CVIN pin to Vcc through 100] CYIN
a resistor of 5 kQ or more.

Figure 2.14.2 Termination of data slicer input/output pins when data slicer circuit and timing
generating circuit is in OFF state

When both bits 0 and 2 of data slicer control register 1 (address 026016) are “1,” terminate the pins as shown
in Figure 2.14.3.

<When using a reference clock generated in timing signal generating circuit as OSD clock>

i \_/

99

1kQ

Connect the same external circuit as when A ey
. . . 1pF 200pF
using data slicer to HLF pin.

T

Open 1] VHOLD

HLF

Leave VHOLD pin open.

Pull-up CVIN to Vcc through a resistor
of 5 kQ or more.

5 kQ or more

100 CVIN

Figure 2.14.3 Termination of data slicer input/output pins when timing signal generating circuit is
in ON state
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Figures 2.14.4 and 2.14.5 the data slicer control registers.

Data slicer control register 1
b7 b6 b5b4 b3 b2b1 b0

| | | | | | | | | Symbol Address When reset
0]0j0JOJO] | | Dsc1 026016 0016
A T symbol Bit name Function R W
. DSC10 Data slif:er apd t-iming signgl 0: Stoppe_d o o
I generating circuit control bit 1: Operating :
[ A A A Selection bit of data slice reference T F2 :
Coro T DSC11 o 0. 0.0
Pl voltage generating field 1 F1 :
[ A T Reference clock source 0: Video signal H
oo DSC12 S : ; 0:0
[ R selection bit 1: Hsync signal H
 EASRCREEEEEEEEEEEES Reserved bits Must always be set to “0” 0:o
Definition of fields 1 (F1) and 2 (F2)
F1: Hsep
S 2
F2: Hsep
v Y
Figure 2.14.4 Data slicer control register 1
Data slicer control register 2
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address When reset
Jdof 11 | [O0f DSC2 026116 2020722072
i i i i 3 i i i Bit symbol Bit name Function R EW
oo b pse2o Caption data latch 0: Data is not latched yet and a (@) E X
[ completion flag 1 clock-run-in is not determined. :
[ 1: Data is latched and a :
i i i i i i clock-run-in is determined. :
bbb | Reserved bit Must always be set to “0” OE (@)
ol e Test bit Read-only O:X
[ DSC23 Field determination flag 0: F2 0OiX
[ 1:F1 H
i i i i Vertical synchronous signal | 0: Method (1) H
oo ] psc24 (Vsep) generating method 1: Method (2) o ! O
o selection bit :
Do o] DSC25 V-pulse shape 0: Match o:X
i i determination flag 1: Mismatch '
i Tttt Reserved bit Must always be set to “0” OE O
] Test bit Read-only 0:X

Definition of fields 1 (F1) and 2 (F2)

F1: Hsep |
S 2

F2: Hsep |
-

Figure 2.14.5 Data slicer control register 2
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2.14.2 Clamping Circuit and Low-pass Filter
The clamp circuit clamps the sync chip part of the composite video signal input from the CVIN pin. The low-
pass filter attenuates the noise of clamped composite video signal. The CVIN pin to which composite video
signal is input requires a capacitor (0.1 mF) coupling outside. Pull down the CVIN pin with a resistor of
hundreds of kiloohms to 1 MQ. In addition, we recommend to install externally a simple low-pass filter
using a resistor and a capacitor at the CVIN pin (refer to Figure 2.14.1).

2.14.3 Sync Slice Circuit

This circuit takes out a composite sync signal from the output signal of the low-pass filter.

2.14.4 Synchronous Signal Separation Circuit

This circuit separates a horizontal synchronous signal and a vertical synchronous signal from the compos-
ite sync signal taken out in the sync slice circuit.
(1) Horizontal synchronous signal (H  sep)

A one-shot horizontal synchronizing signal Hsep is generated at the falling edge of the composite sync

signal.

(2) Vertical synchronous signal (V  sep)

As a Vsep signal generating method, it is possible to select one of the following 2 methods by using bit

4 of the data slicer control register 2 (address 026116).

Method 1 The “L” level width of the composite sync signal is measured. If this width exceeds a
certain time, a Vsep signal is generated in synchronization with the rising of the timing
signal immediately after this “L” level.

*Method 2 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
2.14.6).

Figure 2.14.6 shows a Vsep generating timing. The timing signal shown in the figure is generated from the
reference clock which the timing generating circuit outputs.

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 2.14.7, when the A level matches the B level, this bit is “0.” In
the case of a mismatch, the bit is “1.”

Composite
sync signal

> ——< Measure “L" period

Timing T
signal
Vsep signal

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

Figure 2.14.6 V sep generating timing (method 2)
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2.14.5 Timing Signal Generating Circuit
This circuit generates a reference clock which is 832 times as large as the horizontal synchronous signal
frequency. It also generates various timing signals on the basis of the reference clock, horizontal syn-
chronous signal and vertical synchronizing signal. The circuit operates by setting bit O of data slicer
control register 1 (address 026016) to “1.”
The reference clock can be used as a display clock for OSD function in addition to the data slicer. The
HsyNCc 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 2 of data slicer control register 1 (address 026016).
For the pins HLF, connect a resistor and a capacitor as shown in Figure 2.14.1 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
programming.

Bit 5 of DSC2

§

g

Composite
sync signal

> > |-
o BEEEEEE
-

Figure 2.14.7 Determination of v-pulse waveform
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2.14.6 Data Slice Line Specification Circuit
(1) Specification of data slice line

This circuit decides a line on which caption data is superimposed. The line 21 (fixed), 1 appropriate
line for a period of 1 field (total 2 line for a period of 1 field), and both fields (F1 and F2) are sliced their
data. The caption position register (address 026616) is used for each setting (refer to Table 2.14.1).
The counter is reset at the falling edge of Vsep and is incremented by 1 every Hsep pulse. When the
counter value matched the value specified by bits 4 to 0 of the caption position register, this Hsep is
sliced.
The values of “0016” to “1F16” can be set in the caption position register (at setting only 1 appropriate
line). Figure 2.14.8 shows the signals in the vertical blanking interval. Figure 2.14.9 shows the caption
position register.

(2) Specification of line to set slice voltage
The reference voltage for slicing (slice voltage) is generated for the clock run-in pulse in the particular
line (refer to Table 2.14.1). The field to generate slice voltage is specified by bit 1 of data slicer control
register 1. The line to generate slice voltage 1 field is specified by bits 6, 7 of the caption position
register (refer to Table 2.14.1).

(3) Field determination
The field determination flag can be read out by bit 3 of data slicer control register 2. This flag change
at the falling edge of Vsep.

Video signal L Vertical blanking interval

q

Composite video

signal
L
v 1 appropriate line is set by
Se| . . .
P the caption position register Line 21

(when setting line 19)

Hsep

<

>
Count value to be set in the caption position register (“OF16” in this case) Magnified drawing

**************************************************************************************

Clock run-in Start bit + 16-bit data

3 Composite video . ' :
! signal Al Start bit u_ |

Window for
deteminating
clock-run-in

Figure 2.14.8 Signals in vertical blanking interval
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b7 b6 b5 b4 b3 b2 bl b0

Caption position register

| I I I I I I I | Symbol Address When reset
S I I CPS 026616 002000002
3 ! 3 1 | Bitsymbol Bit name Function R EW
! 3 i 3 3 3 3 1 cpso Caption position bits 00
o0 0 ---{ cpsi 0.0
e cPs2 0:0
A CPs3 0.0
I i CPs4 0:0
R T cPS5 Caption data latch 0: Data is not latched yetanda [ 13
b completion flag 2 clock-run-in is not determined. \
o 1: Data is latched and a H
- clock-run-in is determined. .
i ] CPS6 Slice line mode Refer to the corresponding table [ QO
: specification bits (Table 2.14.1). :
ffffffffffffffffffffff CPs7 (in 1 field) 0:0

Figure 2.14.9 Caption position register

Table 2.14.1 Specification of data slice line

CPS
b7 b6 Field and Line to Be Sliced Data Field and Line to Generate Slice Voltage
* Both fields of F1 and F2 « Field specified by bit 1 of DSC1
0 0 *Line 21 and a line specified by bits 4 to 0 of CPS eLine 21 (total 1 line)
(total 2 lines) (See note 2)
* Both fields of F1 and F2 « Field specified by bit 1 of DSC1
0 1 * A line specified by bits 4 to 0 of CPS « A line specified by bits 4 to 0 of CPS
(total 1 line) (See note 3) (total 1 line) (See note 3)
1 0 * Both fields of F1 and F2 * Field specified by bit 1 of DSC1
* Line 21 (total 1 line) * Line 21 (total 1 line)
* Both fields of F1 and F2 « Field specified by bit 1 of DSC1
1 1 * Line 21 and a line specified by bits 4 to 0 of CPS « Line 21 and a line specified by bits 4 to 0 of CPS
(total 2 lines) (See note 2) (total 2 lines) (See note 2)

Notes 1: DSC is data slicer control register 1.
CPS is caption position register.
2: Set “0016" to “1016" to bits 4 to 0 of CPS.
3: Set “0016” to “1F16” to bits 4 to 0 of CPS.
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2.14.7 Reference Voltage Generating Circuit and Comparator
The composite video signal clamped by the clamping circuit is input to the reference voltage generating
circuit and the comparator.
(1) Reference voltage generating circuit

This circuit generates a reference voltage (slice voltage) by using the amplitude of the clock run-in
pulse in line specified by the data slice line specification circuit. Connect a capacitor between the
VHOLD pin and the Vss pin, and make the length of wiring as short as possible so that a leakage
current may not be generated.

(2) Comparator
The comparator compares the voltage of the composite video signal with the voltage (reference volt-
age) generated in the reference voltage generating circuit, and converts the composite video signal
into a digital value.

2.14.8 Start Bit Detecting Circuit
This circuit detects a start bit at line decided in the data slice line specification circuit.
The detection of a start bit is described below.
O A sampling clock is generated by dividing the reference clock output by the timing signal.
O A clock run-in pulse is detected by the sampling clock.
O After detection of the pulse, a start bit pattern is detected from the comparator output.

2.14.9 Clock Run-in Determination Circuit
This circuit determinates clock run-in by counting the number of pulses in a window of the composite
video signal.
The reference clock count value in one pulse cycle is stored in bits 3 to 7 of the clock run-in detect register
(address 026916). Read out these bits after the occurrence of a data slicer interrupt (refer to 2.14.12
Interrupt request generating circuit).
Figure 2.14.10 shows the structure of clock run-in detect register.

Clock run-in detect register

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset
— CRD 026916 0016
3 3 3 3 3 3 3 3 Bit symbol Bit name Function R EW
b4 01| Testbits Read-only 01X
A R CRD3 | Clock run-in detection bits | Number of reference clocks to {Q 1 X
o] CRD4 be countgd in one clock run-in O ! X
o pulse period. 1
S EEEEE, CRD5 O:X
B EREEEEEEEEE, CRD6 O:X
I EEEEEEEEEEEEEE CRD7 01X

Figure 2.14.10 Clock run-in detect register
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2.14.10 Data Clock Generating Circuit
This circuit generates a data clock synchronized with the start bit detected in the start bit detecting circuit.
The data clock stores caption data to the 16-bit shift register. When the 16-bit data has been stored and
the clock run-in determination circuit determines clock run-in, the caption data latch completion flag is set.
This flag is reset at a falling of the vertical synchronous signal (Vsep).

Data clock position register
b7 b6 b5 b4 b3 b2 bl b0

mq | | | | | Symbol Address When reset
. . —— : DPS 026A16 XXX000012

i | Bit symbol Bit name Function

O|0|0[0|0] =

1 DPSO Data clock position
---4 DPS1 set bits

P DPS2
R DPS3
[ DPS4

O|0|0[O|0]| =

Nothing is assigned.
If an attempt to write to these bits, write “0.” The read turns out to be “0.”

Figure 2.14.11 Data clock position register

2.14.11 16-bit Shift Register
The caption data converted into a digital value by the comparator is stored into the 16-bit shift register in
synchronization with the data clock. The contents of the stored caption data can be obtained by reading
out the caption data register 1 (addresses 026316, 026216) and caption data register 2 (addresses
026516, 026416). These registers are reset to “0” at a falling of Vsep. Read out data registers 1 and 2 after
the occurrence of a data slicer interrupt (refer to “2.14.12 Interrupt request generating circuit)”.
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2.14.12 Interrupt Request Generating Circuit

The interrupt requests as shown in Table 2.14.3 are generated by combination of the following bits; bits 6
and 7 of the caption position register (address 026616). Read out the contents of data registers 1, 2 and
the contents of bits 3 to 7 of the clock run-in detect register after the occurrence of a data slicer interrupt

request.

Table 2.14.2 Contents of caption data latch completion flag and 16-bit shift register

Slice Line Specification Mode | ContentsofCaptionDatalLatchCompletionFlag Contents of 16-bit Shift Register
CPS Completion Flag 1 | Completion Flag 2 Caption Data Caption Data
bit 7 bit 6 (bit 0 of DSC2) (bit 5 of CPS) Register 1 Register 2
. A line specified by i : 16-bit data of a line specified
0 0 Line 21 bits 4100 of cPS | robitdataofline 21 by bits 4 to 0 of CPS
A line specified by . 16-bit data of a line specified .
0 1 bits 4 to 0 of CPS Invalid by bits 4 to 0 of CPS Invalid
1 0 Line 21 Invalid 16-bit data of line 21 Invalid
. A line specified by i : 16-bit data of a line specified
1 1 Line 21 bits 4t0 0 of cPS | robitdataofline 21 by bits 4 to 0 of CPS

CPS: Caption position register
DSC2: Data slicer control register 2

Table 2.14.3 Occurrence sources of Interrupt request

CPS
b7 oo Occurrence Sources of Interrupt Request at End of Data Slice Line
0 0 After slicing line 21
1 After a line specified by bits 4 to 0 of CPS
1 0 After slicing line 21
1 After slicing line 21

CPS: Caption position register

Data slicer reserved register i (i =1, 2)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
Lolofofofofofofo} =557 s oos
: DR2 026716 0016
: Bit symbol Bit name Description R W
bbbl bl t) Reserved bits Mest always be set to “0” O O

Figure 2.14.12 Data slicer reserved registeri (i = 1, 2)
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2.15 HsYNcC Counter

The synchronous signal counter cou
count source.

nts Hsync from HSYNC count input pins (HCO/P75, HC1/P77) as a

The count value in a certain time (T time; 1024 ps, 2048 us, 4096 us and 8192 ps) divided system clock f32

is stored into the 8-bit latch.

Accordingly, the latch value changes in the cycle of T time. When the count value exceeds “FF16,” “FF16”

is stored into the latch.

The latch value can be obtained by reading out the HsyNC counter latch (address 027F16). A count source
and count update cycle (T time) are selected by bits 0, 3 and 4 of the HSYNC counter register.
Figure 2.15.1 shows the HsYNC counter and Figure 2.15.2 shows the synchronous signal counter block

diagram.

Note: When using the HSYNC counter,
to the main clock frequency.

set bit 7 of the peripheral mode register (address 027D16) according

HSYNC counter register

b7 b6 b5 b4 b3 b2 bl b0

Symbol

S

Address

When reset

HC 026716 XXX00X0016
! | Bit symbol Bit name Function H
HCCO | Count source switch bit 0: HCO/P7s pin input E @]
1: HC1/P77 pin input !
Hcc1 | Input polarity 0: H o
switch bit - H
1 (Falling edge count) [
(Rising edge count) E
Nothing is assigned. In an attempt to write to this bit, write “0.” H
The value, if read, turns out to be “0.” |
HCC3 [ Count freguency b4 b3 <Count freguency> o)
selection bits 0 0:1024 ps '
0 1:2048 ps '
HCCc4 1 0:4096 s 1O
1 1:8192pus '
Nothing is assigned. In an attempt to write to these bits, write “0.” E X

The value, if read, turns out to be “0.”

Note: When HCO and HC1 input are positive polarity (negetive polarity),
HIGH width (LOW width) needs 3 main clock cycles or more of system clock.

Figure 2.15.1 H syNC counter register

System clock f32

HCO/P7s

Freguency divider

HCC1

o/ HCC3, HCC4

Reset

HC1/P77 Pol

HCCO

>0>

arity switch

8-bit counter

| Counter

{

Latch (8 bits)

Hsync
counter latch

{

Selection gate : connected to black
side when reset.

Data bus

Figure 2.15.2 H syNc counter block diagram

160

~

MITSUBISHI
ELECTRIC

Rev. 1.0



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

2.16 OSD Functions
Table 2.16.1 outlines the OSD functions of this microcomputer. This OSD function can display the follow-
ing: the block display (32 characters [0 16 lines or 42 characters [ 16 lines) and the SPRITE display, and
can display the both display at the same time. There are 3 display modes and they are selected by a block
unit. The display modes are selected by block control register i (i = 1 to 16). The features of each display are
described below.

Note: When using OSD function, select “No-division mode” as BCLK operating mode and set the main

clock frequency to f(XiN) = 10 MHz.

Table 2.16.1 Features of each display style

. Block display
Display style .
CC mode OSD mode CDOSD mode SPRITE display
Parameter (Closed caption mode) (On-screen display mode) (Colo_r dot on-screen
OSDS mode | OSDL mode display mode)
Number of display characters 32 characters 0 16 lines/42 characters [ 16 lines 1 character
16 O 20 dots 24 [0 32 dots 16 O 26 dots 16 O 20 dots
Dot structure X
(Character display area:
16 O 26 dots)
Kinds of | OSDL 254 kinds 254 kinds 62 kinds 1 kind
character | enable mode
ROM - - -
OSDL 508 kinds 62 kinds 1 kind
disable mode 254 kinds
Font memory ROM RAM
Kinds of character sizes | 4 kinds 14 kinds | 12 kinds | 14 kinds 8 kinds
(Seenote 1) | pre-divide
ratio (Note) 01,02 01,0203 01,02
Dot size 1Tc O 1/2H, 17C O 1/2H, 1TC O 1/2H, 1TC O 1/2H, 1TC O 1/2H,
1Tc O 1H 1TC O 1H, 1TC O 1H, 1TC 0 1H, 1TC O 1H,
1.5TC O 1/2H, 2TC O 2H, 1.5TC O 1/2H, 2TC O 2H,
1.5TC O 1H, 3TC O 3H 1.5TC O 1H, 3TC O 3H
2TC 00 2H, 2TC 0 2H,
3TC O 3H 3TC O 3H
Attribute Smooth italic, Border
under line, flash

Character font

1 screen: 8 kinds (a

1 screen: 16 kinds (a character unit)

1 screen: 8 kinds (a dot unit)

1 screen: 8 kinds (a dot unit

coloring character unit) Max. 64 kinds (only specified dots are colored | Max. 64 kinds
Max. 64 kinds by a character unit)
Max. 64 kinds
Character Possible Possible
background (a character unit, 1 screen: 4| (a character unit,1 screen: 16 kinds,
coloring kinds, Max. 64 kinds) Max. 64 kinds)
Display layer Layer 1 Layer 1 and layer 2 ‘ Layer 3 (with highest priority),

OSD output (See note 2)

Analog R, G, B output (each 4 adjustment levels: 64 colors), Digital OUT1, OUT2 output

Raster coloring

Possible (a screen unit, max 64 kinds)

Other function
(See note 3)

Auto solid space function

Triple layer OSD function, window function, blank function

Display expansion
(multiline display)

Possible

Notes 1: The divide ratio of the frequency divider (the pre-divide circuit) is referred as “pre-divide ratio” hereafter.
2: The character size is specified with dot size and pre-divide ratio (refer to “2.16.3 Dot Size”).
3: As for SPRITE display, the window function does not operate.
4: The divide ratio of the frequency divider (the pre-divide circuit) is referred as “pre-divide ratio” hereafter.
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The OSD circuit has an extended display mode. This mode allows multiple lines (16 lines or more) to be
displayed on the screen by interrupting the display each time one line is displayed and rewriting data in the

block for which display is terminated by software.

Figure 2.16.1 shows the configuration of OSD character display area. Figure 2.16.2 shows the block dia-
gram of the OSD circuit. Figure 2.16.3 shows the OSD control register 1. Figure 2.16.4 shows the block

control register i.

OSDS mode OSDL mode
g 16 dots g e 24 dots P

A A

g

&
.U_’,
3
8

4
\ J

CC mode CDOSD mode
16 dots g— 16 dots——p»

A A B T

e A

[
23 8
o8 ©
o~ N
ﬁ&&ﬂmﬁﬁﬁﬂﬂﬂﬁﬁ&ﬂﬂ ~Underline areat
e
ettt

)
[J: Displayed only in cc mode.

Figure 2.16.1 Configuration of OSD character display area
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Data slicer clock

Clock for OSD
0OSC1 0SscC2

y !

Display
oscillation
circuit

i

HsynC VsynC

OSD control circuit

Control register for OSD

OSD control register 1
OSD control register 2
Horizontal position register
Clock control register

1/0 polarity control register
OSD control register 3
Raster color register

Top border control register
Bottom border control register
Block control register i
Vertical position register i

OSD RAM (SPRITE)
16 dots O 20 dots O 3 planes

<

Shift register

Color palette register i

Left border control register

Right border control register
SPRITE vertical position register
SPRITE horizontal position register
SPRITE OSD control register

OSD reserved register i

OSD control register 4

(address 020216)
(address 020316)
(address 020416)
(address 020516)
(address 020616)
(address 020716)
(address 020816)
(addresses 020C16, 020D16)
(addresses 020E16, 020F16)
(addresses 021016 to 021F16)
(addresses 022016 to 023F16)
(addresses 024116 to 024716,

024916 to 024F16)
(addresses 025016, 025116)
(addresses 025216, 025316)
(addresses 025416, 025516)
(addresses 025616, 025716)
(address 025816)
(addresses 025D1s,

027B16, 027C16)

(address 025F16)

OSD RAM (See note 1)
19 bits [0 32 characters 0 16 lines

<

OSD ROM (character font) (See note 2)
16 dots O 20 dots O 254 characters
24 dots 0 32 dots [ 254 characters

{}

Shift register

~

Shift register

OSD ROM (color dot font)
16 dots [ 26 dots [J 3 planes O
62 characters

-

Data bus

Shift register

Y

Output circuit

OouT1 ouT2

¢y

Notes 1: In 42 character-mode, 19 bits [ 42 characters O 16 lines

2: In OSDL disable mode, 16 dots O 20 dots [0 762 characters.

Figure 2.16.2 Block diagram of OSD circuit
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OSD control register 1

b7 b6 b5b4b3 b2b1 b0 Symbol Address When reset

—— L OC1 020216 0016

Bit symbol Bit name Function R W

S 1] oc10 OSD control bit 0 : All-blocks and SPRITE display OFF [0

o (See note 1) 1 : All-blocks and SPRITE display ON '

f 1 1 1 1 1 37”” oc11 Scan mode 0 : Normal scan mode 00

A selection bit 1 : Bi-scan mode ;

I oc12 Border type 0 : All bordered 00

o selection bit 1 : Shadow bordered (See note 2)

3 : : : o ocC13 Flash mode 0 : Color signal of character background | O : @)

oo selection bit part does not flash ;

| : - 1 : Color signal of character background :

! part flashes '

e OC14  |Automatic solid 2 : 8,';': 0:0

space control bit '

R, 0oC15 Vertical window/blank 2 : 8"3': 0:0

Do control bit :

Do e b7 b6 :

bt OC16 Layer mixing 0 0: Logic sum (OR) of layer 1's O EO

i control bits color and layer 2’s color :

! (See note 3) 0 1: Layer 1's color has priority :

””””””””””” 0OC17 1 0: Layer 2's color has priority 0:0
1 1: Do not set. ;

Notes 1 : Even this bit is switched during display, the display screen
remains unchanged until a rising (falling) of the next Vsync.
2 : Shadow border is output at right and bottom side of the font.

3: OUT2 is always ORed, regardless of values of these bits.

Figure 2.16.3 OSD control register 1
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Block control register i
b7 b6 b5b4 b3 b2bl b0

Symbol

BCi (i = 1 to 16)

021016 to 021F16

Address

When reset

Indeterminate

Bit symbol

Bit name

Function

BCi_0

""" BCi_1

”””” BCi_2

Display mode
selection bits

o
o

o
ey

o
o

Functions

PRPRPRPPOOOO

RPROORROO

PORPOFRPOFrRO

Display OFF

OSDS mode (No bordered)
CC mode

CDOSD mode

Do not set

OSDS mode (Bordered)
OSDP mode (Bordered)
Do not set

—————————— BCi_3

AR BCi_4

Dot size
selection bits

b6

b5

o
B

o
w

Pre-divide| Dot size
ratio

1Tc O 1/2H
1Tc O 1H
01 |21cO2H
3Tc O 3H

,,,,,,,,,,,,,,,, BCi 5

b ] BCi_6

Pre-divide ratio
selection bits

1Tc O 1/2H
1Tc O 1H
2Tc O 2H
3Tc O 3H

1.5Tc 0 1H (See

1.5Tc O 1/2H (See notes 3, 4)

notes 3, 4)

PP, O O0O0OORPRFL, O OF PO O

1Tc O 1/2H
1Tc O 1H
03 |2TcO2H
3TcO3H

PO P ORPORPO P OF OF O

Nothing is assigned. In an attempt to write to this bit, write “0.”
The value, if read, turns out to be indeterminate.

Notes 1: Tc is OSD clock cycle divided in pre-divide circuit
2: His Hsync
3: This character size is available only in Layer 2. At this time, set layer 1's
pre-divide ratio = O 2, layer 1's horizontal dot size = 1Tc.

4: In OSDL mode, 1.5Tc size cannot be used.

Figure 2.16.4 Block control register i (i = 0 to 16)
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2.16.1 Triple Layer OSD
Three built-in layers of display screens accommodate triple display of channels, volume, etc., closed
caption, and sprite displays within layers 1 to 3.
The layer to be displayed in each block is selected by bit O or 1 of the OSD control register 2 for each
display mode (refer to Figure 2.16.7). Layer 3 always displays the sprite display.
When the layer 1 block and the layer 2 block overlay, the screen is composed with layer mixing by bit

6 or 7 of the OSD control register 1, as shown in Figure 2.16.5. Layer 3 always takes display priority of
layers 1 and 2.

Notes 1: When mixing layer 1 and layer 2, note Table 2.16.2.
2: OUT2 is always ORed, regardless of values of bits 6, 7 of the OSD control register 1. And

besides, even when OUT2 (layer 1 and layer 2) overlaps with SPRITE display (layer 3),
OUT?2 is output without masking.

Table 2.16.2 Mixing layer 1 and layer 2

Parameter Block Block in Layer 1 Block in Layer 2
Display mode CC, OSD, CDOSD mode OSD, CDOSD mode
Pre-divide ratio 01,02 (CC mode) Same as layer 1 (See note)
0O 1to O 3 (OSD, CDOSD mode)
Dot size 1Tc O 1/2H, 1Tc O 1H Pre-divide ratio =0 1 Pre-divide ratio = 00 2
(CC mode) 1Tc O 1/2H 1Tc O 1/2H, 1.5Tc O 1/2H
1Tc O 1H 1Tc O 1H, 1.5Tc O 1H (See note)
1Tc O 1H, 1Tc O 1/2H, 2Tc O 2H, |* Same size as layer 1
3Tc O 3H *1.5Tc can be selected_ only when: _Iayer 1's pre-divide ratio =
(OSD, CDOSD mode) Esztrf;,s\l lt?nieel),/(\a/reitiizloc;gtogtza: idsotthselzsear_ngl;lcs. layer 1.
Horizontal display start position Arbitrary Same position as layer 1
Vertical display start position Arbitrary
When dot size is 2Tc [0 2H or 2Tc O 3H, set difference between vertical display position of layer 1
and that of layer 2 as follows.
*2Tc O 2H: 2H units
*3Tc O 3H: 3H units

Note: In the OSDL mode, 1.5TcC size cannot be used.

Note : When layer 1/layer 2 and SPRITE display
overlay each other, only OUT2 in layer 1/layer 2

s is output.
% SPRITE

10 Layer 1/layer 2
Sprite N (except transparent)
- A—> 0 « A
— proer 15
Laver3 Block 16| [Block1 ——J —
ayer ~._|Block 2 AR
. Layer?2 SPRITE —rP—I—
Block 7-. _ R, G, B of layer 1/layer 2 ——I-L—
Block8 | o
N OUT2 of layer 1/layer 2 !
Layer 1

Fig 2.16.5 Triple layer OSD
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Logical sum (OR) of
layer 1's color and

layer 2’s color (See note)
0OC17 =“0,” OC16 =“0"

Layer 1's color has priority

Display example of layer 1 = “HELLO," layer 2 = “CH5"

| HELLO

OC17 ="0", OC16 = “1"

0OC17="1,"0C16 =“0"

Layer 2’'s color has priority

Note: The logical sum (OR) of layer mixing is not OR of the color palette registers’ contents (color), but
that of color pallet registers’ numbers (i).
Example) When the logical sum (OR) is performed on the color palettes 1 and 4;

the number 1 (00012) and number 4 (01002) are ORed and it results in the number 5
(01012). That is, the contents (color) of color palette register 5 is output. The color of
color palette register 5 is output in the ORed part, regardless of colors of color palettes
registers 1 and 4.

Figure 2.16.6 Display example of triple layer OSD

b7 b6 b5 b4 b3 b2 bl b0

OSD control register 2

Symbol Address When reset
oc2 020316 0016

Bit symbol Bit name Function R W

0C20 Display layer bl b0 Layer 1 Layer 2 ‘o o)
selection bits 0 0 |CC,O0SD,CDOSD| — .
0 1 ]|CC,0sD CDOSD :

ocz21 1 0 |CC,CDOSD 0oSD 0.0
1/1]|cc -~ | CDOSD !
OSD !

oc22 |R, G, B signal output | 0: Digital output O:0
selection bit 1: Analog output (4 gradations) :

0oC23 Solid space output bit| 0: OUT1 output O EO
1: OUT2 output '

0Cc24 Horizontal 0: OFF 0.0
window/blank control | 1. oN :
bit ] :

oc2s | Window/blank 0: Horizontal blank function O :O
selection bit 1 1: Horizontal window function '
(horizontal) '

0C26 Window/blank 0: Vertical blank function O :O
selection bit 2 1: Vertical window function :
(vertical) :

0Cc27 OSD interrupt 0: At completion of layer 1 block display | O O
request selection bit | 1: At completion of layer 2 block display !

Figure 2.16.7 OSD control register 2
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2.16.2 Display Position

The display positions of characters are specified by a block. There are 16 blocks, blocks 1 to 16. Up to 32

characters (32-character mode)/42 characters (42-character mode)/ can be displayed in each block (re-

fer to 2.16.6 Memory for OSD).

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

The display position in the horizontal direction can be selected for all blocks in common from 256-step

display positions in units of 4 Tosc (Tosc = OSD oscillation cycle).

The display position in the vertical direction for each block can be selected from 1024-step display posi-

tions in units of 1 TH ( TH = HSYNC cycle).

Blocks are displayed in conformance with the following rules:

» When the display position is overlapped with another block (Figure 2.16.8 (b)), a lower block number
(1 to 16) is displayed on the front.

» When another block display position appears while one block is displayed (Figure 2.16.8 (c)), the block
with a larger set value as the vertical display start position is displayed. However, do not display block
with the dot size of 2Tc O 2H or 3Tc O 3H during display period ([I) of another block.

O In the case of OSD mode block: 20 dots in vertical from the vertical display start position.
O In the case of OSDL mode block: 32 dots in vertical from the vertical display start position.
O In the case of CC or CDOSD mode block: 26 dots in vertical from the vertical display start position.

HP
VPL ----- A N B
Block 1
VP2 ----o-- Yo
Block 2
- S Y.
Block 3
(a) Example when each block is separated
HP
wi=wvp2 Y ¥ ‘
Block 1
(Block 2 is not displayed)

(b) Example when block 2 overlaps with block 1

HP

VP1 ----- Yool :

Block 1

-Block 2- - - - oo

(c) Example when block 2 overlaps in process of block 1

Note: VPi (i = 1 to 16) indicates the vertical display start position of display block i.

Figure 2.16.8 Display position
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The display position in the vertical direction is determined by counting the horizontal sync signal (HSYNC).
At this time, when VsyNC and HSYNC are positive polarity (negative polarity), it starts to count the rising
edge (falling edge) of HsyNc signal from after fixed cycle of rising edge (falling edge) of VsyNC signal. So
interval from rising edge (falling edge) of VsyNc signal to rising edge (falling edge) of HsyNC signal needs
enough time (2 0 BCLK cycles or more) for avoiding jitter. The polarity of HSYNC and VSYNC signals can
select with the 1/O polarity control register (address 020616).

8 0 BCLK cycles or more

VsvyNc signal input V/
| 0.1t0 0.2 [us]
| (BCLK =10 MHz)
VsyNc control ‘/
signal in J
microcomputer
Period of counting | |
Hsync signal w !
(Note 2) |
Hsvie. v
signal input >H
18 0 BCLK cycles / A A A A A
or more 1 2 3 4 5
Not count

When bits 0 and 1 of the I/O polarity control register
(address 020616) are set to “1” (negative polarity)

Notes 1: The vertical position is determined by counting falling edge of
HsyNc signal after rising edge of Vsync control signal in the
microcomputer.

2 : Do not generate falling edge of Hsync signal near rising edge
of Vsync control signal in microcomputer to avoid jitter.

3 : The pulse width of Hsync needs 18 [0 BCLK cycles or more
(BCLK =10 MHz).

Figure 2.16.9 Supplement explanation for display position
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The vertical position for each block can be set in 1024 steps (where each step is 1TH (TH: HSYNC cycle))
as values “00216” to “3FF16” in vertical position register i (i = 1 to 16) (addresses 022016 to 023F16). The
vertical position register i is shown in Figure 2.16.10.

Vertical position register i

(b15) (b8)
b7 b6 b5 b4 b3 b2 bl b0 b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
VPi (i=1to16) Even addresses within addresses 022016 to 023F16, Indeterminate
Odd addresses within addresses 022016 to 023F16

H Bit symbol Bit name Function RIW
H VPi_9 to VPi_0| Vertical display start Vertical display start position = TH O n OO
H position control bits of (n: setting value, TH: Hsync cycle) '

E SPRITE font

Nothing is assined. —
In an attempt to write to this bit, write “0.”
The value, if read, turns out to be indeterminate.

Note : Do not set VPi < “00116,” VPi = “40016.”

Figure 2.16.10 Vertical position registeri (i= 1 to 16)

The horizontal position is common to all blocks, and can be set in 256 steps (where 1 step is 4Tosc, Tosc
being OSD oscillation cycle) as values “0016” to “FF16” in bits 0 to 7 of the horizontal position register
(address 020416). The horizontal position register is shown in Figure 2.16.11.

Horizontal position register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
HP 020416 0016

Bit symbol Bit name Function R W

HP_7 to HP_O | Horizontal display start | Horizontal display start position = 4Tosc O n [OiO
position control bits (n: setting value, Tosc: OSD oscillation cycle) H

Note : The setting value synchronizes with the Vsync.

Figure 2.16.11 Horizontal position register
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Note : 1Tc (Tc : OSD clock cycle divided in pre-divide circuit) gap occurs between the horizontal display
start position set by the horizontal position register and the most left dot of the 1st block. Accord-
ingly, when 2 blocks have different pre-divide ratios, their horizontal display start position will not
match.

Ordinary, this gap is 1Tc regardless of character sizes, however, the gap is 1.5Tc only when the
character size is 1.5Tc.

HsYNC
: g Block 1 (Pre-divide ratio = 1)

! ! L 1Tc
Note 1 1%}(%(—0—) Block 2 (Pre-divide ratio = 2)
3 ‘ 1Tc ——
k—)—§—> Block 3 (Pre-divide ratio = 3)
1.5Tc
Block 4 (Pre-divide ratio = 2, character size = 1.5Tc)
N = Value of horizontal position register (decimal notation)
Tc = OSD clock cycle divided in pre-divide circuit
Tosc = OSD oscillation cycle
Tdef = 50Tosc

Figure 2.16.12 Notes on horizontal display start position

Rev. 1.0

* MITSUBISHI
ELECTRIC e



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER

and ON-SCREEN DISPLAY CONTROLLER

2.16.3 Dot Size

The dot size can be selected by a block unit. The dot size in vertical direction is determined by dividing
HsyNcC in the vertical dot size control circuit. The dot size in horizontal is determined by dividing the
following clock in the horizontal dot size control circuit : the clock gained by dividing the OSD clock source
(data slicer clock, OSC1, main clock) in the pre-divide circuit. The clock cycle divided in the pre-divide

circuit is defined as 1Tc.

The dot size is specified by bits 3 to 6 of the block control register.
Refer to Figure 2.16.4 (the block control register i), refer to Figure 2.16.15 (the clock control register).
The block diagram of dot size control circuit is shown in Figure 2.16.13.

Notes 1 :

The pre-divide ratio = 3 cannot be used in the CC mode.

2 : The pre-divide ratio of the layer 2 must be same as that of the layer 1 by the block control

register i.

3 : In the bi-scan mode, the dot size in the vertical direction is 2 times as compared with the normal
mode. Refer to “2.16.17 Scan Mode” about the scan mode.

0sc10O

clock
(See note)

Synchronous
circuit
Data slicer

Horizontal dot size
control circuit

Pre-divide circuit
Vertical dot size

Hsync O

Note: To use data slicer clock, set bit 0 of data slicer control register 1 to “0.”

control circuit

OSD control circuit

Figure 2.16.13 Block diagram of dot size control circuit

1 dot
1Tc 1Tc 2Tc 3Tc
e >iic L B o
1/2H . -lHI-I ........ ---y Scanning line of F1 (F2)
-— 24" - Scanning line of F2 (F1)
--->
In normal scan mode
Figure 2.16.14 Definition of dot sizes
Rev. 1.0
172 g MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

2.16.4 Clock for OSD
As a clock for display to be used for OSD, it is possible to select one of the following 3 types.
» Data slicer clock output from the data slicer (approximately 26 MHz)
* Clock from the LC oscillator supplied from the pins OSC1 and OSC2
* Clock from the ceramic resonator (or the quartz-crystal oscillator) from the pins OSC1 and OSC2

Clock control register
b7 b6 b5b4 b3 b2b1 b0
| | | | Symbol Address When reset
0[0]0] fO] | | CS 020516 0016
A T A Bit symbol Bit name Function R W
I cso Clock selection bit 0: Data slicer clock O E O
oo 1: OSC1 clock '
- 0OSC1 oscillating mode |2 b :
[ T T Cs1 : H
Lo selection bits 0 0: Stopped. O @)
I 0 1: Do not set. '
[ 1 0: LC oscillating mode E
[ Cs2 1 1: Ceramic  quartz-crystal 0'0
Do [ oscillating mode (See note) !
i, Reserved bit Must always be set to “0” O E (@)
oo R', G', B' signal output 0: R, G', B' output invalid '
R P cs4 ) G '
P control bit 1:R', G, B' output valid o . O
e ERREEEEEEEEE. Reserved bits (See note) Must always be set to “0" o E @)
Note: When using ceramic * quartz-crystal oscillating mode, set the reserved bits (bit 7 to bit 5)
to “0102.”

Figure 2.16.15 Clock control register

(See note)
Data slicer clock

Data slicer
circuit

‘ | ‘0"

10" 4\0— OSD control circuit

LC —<\C ! OSC1 clock cso

i Ceramic » i 1
! quartz-crystal “l’ '

CSs2,Cs1

| Oscillating mode for OSD |

Note : To use data slicer clock, set bit O of data slicer control register 1 to “1.”

Figure 2.16.16 Block Diagram of OSD selection circuit
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2.16.5 Field Determination Display
To display the block with vertical dot size of 1/2H, whether an even field or an odd field is determined
through differences in a synchronizing signal waveform of interlacing system. The dot line O or 1 (refer to
Figure 2.16.18) corresponding to the field is displayed alternately.
In the following, the field determination standard for the case where both the horizontal sync signal and
the vertical sync signal are negative-polarity inputs will be explained. A field determination is determined
by detecting the time from a falling edge of the horizontal sync signal until a falling edge of the Vsync
control signal (refer to Figure 2.16.9) 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 even field. When the
time is shorter, it is regarded as odd field.
The field determination flag changes at a rising edge of VsyNc control signal in the microcomputer .
The contents of this field can be read out by the field determination flag (bit 7 of the I/O polarity control
register at address 020616). A dot line is specified by bit 6 of the I/O polarity control register (refer to
Figure 2.16.18).
However, the field determination flag read out from the CPU is fixed to “0” at even field or “1” at odd field,
regardless of bit 6.

I/0O polarity control register

b7 b6 b5 b4 b3 b2 bl b0

! Nothing is assigned. .
e In an attempt to write to this bit, write “0.” —_
The value, if read, turns out to be “0.” :

: ] PC4 OUT1 output 0 : Positive polarity output '

| | I | N I I | Symbol Address When reset
PC 020616 1000X0002
b 3 b 3 Bit symbol Bit name Function REW
A PCO Hsync input 0 : Positive polarity input O: o
T polarity switch bit | 1 : Negative polarity input ;
0 o Pa1 Vsync input 0 : Positive polarity input .
o polarity switch bit | 1 : Negative polarity input Oi O
Lo i : ,,,,,,, PC2 R, G, B output 0 : Positive polarity output :
[ polarity switch bit | 1 : Negative polarity output o0

! polarity switch bit 1: Negative polarity output OE O
S S PC5 OUT? output 0 : Positive polarity output '
1 : Negative polarity output o0

polarity switch bit :

PC6 Display dot line 0: D at even field
selection bit “ " at odd field
rl

(See note) . upRn ] OEO
1: E: at even field '
D at odd field .

Femmm oo pPC7 Field determination | 0 : Even _field !
flag 1: Odd field O:X

Note: Refer to Figure 2.16.18.

Figure 2.16.17 1/O polarity control register
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Both Hsync signal and Vsync signal are negative-polarity input

Field . . ) .
Hswe Ll Field | determination| DiSPay dotline | pispiay dot line

flag(Note) selection bit

Vsync and (n - 1) field

Vsyne Odd-numbered) Odd
control ( ) % 0.51t0 0.1 [us] at
signal 'T1 f(BCLK) = 10 MHz

in microcom-

puter _ l 0 Dotline1 | ]

(n) field

Upper Even 0(T2>T1)
. Even-numbered) !

v L — B -

SYNC signal T 1 Dot line 0
Lower :
VsyNc control . 7
signal in 0+ 1 il 0 Dot line 0
micro- Odd 1(T3<T2)

(Odd-numbered)

computer 4HT3 1 Dotline1 [ ]

When using the field determination flag, set bit 7 of the peripheral mode register (address 027Dz16) according to the main clock frequency.

1 2345 678910111213141516 12 34567 8910111213141516
s % W7 v s
NN JENEEE NN
GHGLYNY s R
IV LI LI L DL T L LT
i, % A S G i s
I O A A
s %, i et 7 G A
LI oL L
G % A O P i G
T 1] ] T 11 1] ol TT T 1]] EEREEN
A %, A \ G
I L el L L]
ﬂ % A 13 W A
N T T 1] wl TTT 1] L]
% A 15 B G
N T L] w6l T 1111 1] T L]
A A Sl i G
| HEEEEE i L] ] ] ] ] EEEEEE
2% A Il 2 s 2 s
N T 1] ] 20
ﬁ A 0SDS mode
A en the display dot line selection bit is
..... YXQ Dth fgntplls )c/ilgpfalyed atI evten flgltd th%
fﬁﬁﬂﬂ “f# " font is displayed at odd field. Bit 7 of the
1/0 polarity control reglster can be read as the
field determination flag : “1” is read at odd field,
CC mode - CDOSD mode “0” is read at even field.

OSD ROM font configuration diagram

Note : The field determination flag changes at a rising edge of the Vsync control signal (negative-polarity input) in
the microcomputer.

Figure 2.16.18 Relation between field determination flag and display font
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2.16.6 Memory for OSD

There are 2 types of memory for OSD : OSD ROM (addresses 9000016 to AFFFF16) used to store
character dot data and OSD RAM (addresses 040016 to OFFF16) used to specify the kinds of display
characters, display colors, and SPRITE display. The following describes each type of memory.

(1) ROM for OSD (addresses 90000 16 to AFFFF 16)

The dot pattern data for OSD characters is stored in the character font area in the OSD ROM and the
CD font data for OSD characters is stored in the color dot font area in the OSD ROM. To specify the
kinds of the character font and the CD font, it is necessary to write the character code into the OSD
RAM.
For character font, there are the following 2 mode.
* OSDL enable mode

16 O 20-dot font and 24 O 32-dot font
» OSDL disable mode

16 O 20-dot font
The modes are selected by bit 3 of the OSD control register 3 for each screen.
The character font data storing address for OSDL enable/OSDL disable mode are shown in Figures
2.16.20 and 2.16.21. The conditions for each OSDL enable/disable mode are shown in Figure
2.16.22. The CD font data storing address is shown in Figure 2.16.23.

OSD control register 4

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
0OC4 025F16 XXXXX002
: !
Bit symbol Bit name Function R%W
0C40 OSDL mode 0:OSDL e.nable mode oo
selection bit 1: OSDL disable mode

: Number of horizontal | 0 : 32 characters for each block |

teme display characters (32-character mode) :

oca1 ion bi 00
selection bit 1 : 42 characters for each block

(42-character mode)

EERRREELEEELEEECEELEEEREEE, Nothing is assigned.
In an attempt to write to these bits, write “0.” The value, if read, turns out to be “0.”

Figure 2.16.19 OSD control register 4
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OSD ROM address of character font data (OSDL enable mode)

gd?ilr)essokm AD16 |AD15| AD14| AD13| AD12 | AD11| AD10 | AD9 | AD8 | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO
Kinds of font Structure of address pointer
Font (1) : Crerecer Area
Character codes 0 Line number (1) (MSB to LSB) 80 Character code (C7 to C0) 0 bit
00016 to OFF16
Character Area
Areas0,1| O | Line number (2) (MSB to LSB) (gg;’; Character code (C7 to CO) 0 bie‘
Font (2)
Character codes . Character
10016 to 1FF16 | Area2 1 | Line number (2) (MSB to LSB)| 0 0 Character code (C6 to C0) 0 code

Line number (1) = “0216” to “1516”

Line number (2) = “0016” to “1F16”

Character code = “00016" to “1FF16” (“OFEz1s,” “OFF16,” “10016” and “18016” cannot be used. Write “FF16” to corresponding addresses.)
Area bit = 0: Area 0

1:Areal

Line Line
number (1) ! ! number (2) ! ! ' '
( ): by Area0 bol b7 Area 1 bo! (N by Area0 bo! b7 Area 1 bo! b7 Area 2 bo !

0216 0016

0316 Olis

0416 0216

0516 0316

0616 0416

0716
0816
0916
OAus]
OB
0Caus|
0Daus|
OE16
OF16
1016
1116
1216
1316
1416
1516

0516
0616
0716
0816
0916
OAu1s|
0B16
0Cas|
0D
OEus|
OF16
1016
1116
1216
1316
1416
1516

Font (1) 16
(Character codes 00016 to OFF16) };12
1916

1A16
1B1s
1Cuq
1D1¢
1E1s|
1F16

Font (2)
(Character codes 10016 to 1FFuie)

Figure 2.16.20 Character font data storing address (OSDL enable mode)
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OSD ROM address of character font data (OSDL disable mode)

gj?ﬂ?esRsol;\Ait AD16 |AD15| AD14| AD13| AD12| AD11| AD10| AD9 | AD8 | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO
Kinds of font Structure of address pointer
Font (1) Character| X A
Character codes &% | Line number (1) (MSB to LSB) Character code (C8 to C0) o | A
00016 to 1FF16
Font (2) Character| Area
Character codes (83‘;51 Line number (1) (MSB to LSB) Character code (C8 to CO) 0 bit
20016 to 27F16
Line
Font (3) i number| Area
Character codes 0 1 Ll{ll\? Lgut??\IeIfC)()s ) 1 3) Character code (C6 to C0) 0 bit
28016 to 2FF16 (NL4)

Line number (1) = “0216” to “1516”

Line number (3) = “0616” to “OF16” and “1616” to “1F16”

Character code = “00016” to “2FF16” (“OFE1s,” “OFF16,” “10016,” “18016,” “20016" and “28016” cannot be used. Write “FF16” to corresponding addresses.)
Area bit = 0: Area 0

1: Area 1
Line Line
number (1)3 by Area0 boi b7 Area 1 boi number (2) i by Areald boi b7 Area 1 bui
0215 0616
0316 0716
0416 0816
0516 0916
0616 0A16
0716 0B16
0816 0C16
0916 0D16
0A16 OE16
OB16 OF16
0C1s 1616
0Dz 1716
OEz16 1816
OF16 1916
1016 1A16
1116 1B1s
1216 1Cis
1316 1D16
1416 1E16
1516 1F16
Font (1) Font (3)
Font (2) (Character codes 28016 to 2FF16)

(Character codes 00016 to 27F16)

Figure 2.16.21 Character font data storing address (OSDL disable mode)
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Depending on the relationship of OSDL enable/disable mode, display mode and character code, note the conditions below.
OSDL enable/
disable mode .
— OSDL enable mode — OSDL disable mode
) Q (Bit 0 of OSD control register 4 =“0") |2| (Bit 0 of OSD control register 4 = “17)
Display mode 2 )
& character code & 8
o g
Display mode [§| CC 0SsDS osDL [§| ccC OSDS OSDL
00016 Not used )
to S Used Used (See note 3) Used Used Display OFF
OFF16
10016 Used Used )
to L |(See note 1) | (See note 1) Used Used Used Display OFF
1FF16
Specifi S
pecified
character | 54946
code to Used Display OFF
27F16
28016 Used
to (S’\ézt:ostid@ (SNeZtrllJoStZdB) (No border ) | Display OFF
2FF16 (See note 2)
30016
to Not used Display OFF
3FF16
- -
: 1 2 Notes 1: Part of 24 00 32 font is displayed.
1 2: In OSDL disable mode, character
1 codes “28016" to “2FF16" are used
in OSDS mode (no border).
3: As setting this make output of
font data indeterminate, do not use.
2
0
3
2

Figure 2.16.22 Conditions for each OSDL enable/disable mode
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Area
bit

1

CD code (C5 to CO)

Line number (MSB to LSB)

Plain
selection bit

0

AD16 | AD15 AD14‘AD13 ADlZ‘ ADll‘ ADlO‘ AD9 ‘ AD8 | AD7 ‘ AD6 ‘ AD5 ‘ AD4 ‘ AD3 ‘ AD2 | AD1 | ADO

OSD ROM

OSD ROM address of CD font data
address bit

Line number/CD code/
Area bit

Line number = “0016” to “1916”

CD code
Area bit

“0016” to “3F16” (“1F16” and “2016” can not be used. Write “FF16” to the corresponding address.)

0:Area0

1:Areal

Plane 0

(Color palette selection bit 0)
o(o|jo|o|O|O|O|O|O|O|O|O|O|O|O|O
o|jojofof0|0O|0O|O|O|O|O|O|0O|0O|O]|O
o(o|o|o|o|O|0O|O|O|O|O|O|O|O|O|O
o(o|jo|o|O|O|O|O|O|O|O|O|O|O|O|O
ojojofofo|0|0O|O|O|O|O|O|0O|0O|O]|O
o(o|jo|o|O|O|0O|O|O|O|O|O|O|O|O|O
o|jojofof0|0|0O|O|O|O|O|O|0O|0O|O]|O
o|(o|o|o|o|O|0O|O|O|O|O|O|O|O|O|O

Plane 1
(Color palette selection bit 1)
o|o|o|O0|O|O|O|O|O|O|O|O|O|O|O|O
o(ojo|jojojofjoj|o|ofojo|o0|0|0O|0O]|O
o|0o|0|0|O|O|O|O|O|O|O|O|O|O|O|O
o|o|jo|ojO|O|O|O|O|O|O|O|O|O|O|O
o(ojojo|jo|of1|1|1f2|0|0|0|0O|0O|O
o|o|o|0fO|O|1l|1|2(2|0O|0|O|O|O|O
o(jojo|jojo|of1|1|1f12|o0jo0|0|0|0]|O
o|0|o|0|O|O|1l|1|1(2|0|0|0O|O|O|O
o|o|jo|oj0O|O|1l|1|2(2|0O|0|O|O|O|O
o(ojojojo|of1|1|1f12|0|0|0|0|0|O
o|o|o|0|0O|O|1l|1|1(2|0O|0|0O|O|O|O
o|ojo|jojo|0O|1|1|1(21|0|0|0O|O|O|O
o(jojojojofo0f1|1|1f2|0|0|0|0O|0O|O
o|o|o|oj0O|O|1|1|2(2|0O|0|0O|O|O|O
o(jojojojojof1|1|1f12|o0|0|0|0|0O|O
o|0o|o|0|O|O|1|1|1|2|0O|0|0O|O|O|O
o|ojo|jojo|0O|1|1|21(21|0O|0|O|O|O|O
o(ojo|jojofof1|1|1f2|0|0|0|0|0O|O
o|0o|0|0|O|O|1|1|21(2|0O|0|O|O|O|O
o|ojo|jojo|0|1|1|1(1|0|0|O|O|O|O
o|0o|0|0|O|O|1|1|21(2|0O|0|0O|O|O|O
o|ojo|jojo|0O|1|1|2(21|0O|0|O|O|O|O
o(ojo|jojojofjo|o|ofojo|o0|0|0O|0O]|O
o|0o|o|O0|O|O|O|O|O|O|O|O|O|O|O|O
o|ojo|jojo|O|O|O|O|O|O|O|O|O|O|O
o(ojo|jojo|jofjo|o|ofojo0|0O|0O|0O|O]|O

Plane 2
(Color palette selection bit 2)

1]1]1)1j1j1j1)1)1j1j1j1|1|1|1]|1

ofo|ojo|j0|O|0|0O|O|O|O|O|O|O|O]|O
ofo|jojo|o|0O|0|O|O|O|O|O|O|OfO]|O
ofo|ojo|0|O|0|O|0O|O|O|O|O|O|O]|O
0|0jo|1(1|1j1|1|1|1|1}j1|1|0|0|0O
ofojoj1|1|1|1|1|1|1|1|1|1|0(0O|O
ofojoj1|1)1j1)/1)]1|1|1|1]1|0|0|O
ofojoj1|1|1|1|1|1|1|1|1|1|00|O
ofo|ojo|o0|0O|0|0O|0O|O|O|O|O|O|O]|O
ofo|ojo|0|O|0|0O|O|O|O|O|O|O|O]|O
ofo|jojo|o|0O|0|O|O|O|O|O|O|O|O|O
ofo|ojo|0|O|0|0O|0O|O|O|O|O|O|O]|O
ofojojo|jo|O|0|0O|O|O|O|O|O|O|O]|O

ofo|ojo|0|0O|0|0O|0O|O|O|O|O|O|O]|O
ofo|ojo|0|O|0|0O|O|O|O|O|O|O|O]|O
ofo|jojo|o|0O|0|O|0O|O|O|O|O|O|O]|O
ofo|ojo|o0|O|0|0O|O|O|O|O|O|O|O]|O
ofojojo|jo|0O|0|0O|O|O|O|O|O|O|O]|O
ofo|jojo|o|0O|0|O|O|O|O|O|O|O|O]|O

1/1|0|0|0|0|0|0O|0O|0|O|O|0O|0O|1|1

1/1/0|/0|0|0|0O|0O|0O|O|O|O|O|O1|1

i|(1|0(0(0|0f0O|O|O|O|O|O|O|O|1|1

1/1|0|0|0|0|0|O|0|0|0O|O|O|0O|1]1
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(2) OSD RAM (OSD RAM for character, addresses 0400 16 to OEFF 16)

The OSD RAM for character is allocated at addresses 040016 to OEFF16, and is divided into a display
character code specification part, color code 1 specification part, and color code 2 specification part
for each block. The number of characters for 1 block (32- or 42-character mode) is selected by bit 1 of
the OSD control register 4. Tables 2.16.3 to 2.16.7 show the address map.

For example, to display 1 character position (the left edge) in block 1, write the character code in
address 040016, write color code 1 at 040116, and write color code 2 at 048016. The structure of the
OSD RAM is shown in Figure 2.16.25.

Notes 1: Be sure to set a software wait to access to OSD RAM.
2: For blocks of the following dot sizes, the 3nth (n = 1 to 14) character is skipped as compared
with ordinary block.
m In OSDL mode: all dot size.
m In OSDS and CDOSD modes of layer 2: 1.5Tc 00 1/2H or 1.5Tc O 1H
Accordingly, maximum 22 characters (32-character mode)/28 characters (42-character
mode) are only displayed in 1 block. Blocks with dot size of 1Tc 0 1/2H and 1Tc O 1H, or
blocks on the layer 1. The RAM data for the 3nth character does not effect the display. Any
character data can be stored here. And also, note the following only in 32-character mode.
As the character is displayed in the 28th’s character area in 42-character mode, set ordi-
narily.
* In OSDS mode
The character is not displayed, and only the left 1/3 part of the 22nd character back
ground is displayed in the 22nd’s character area. When not displaying this back-
ground, set transparent for character background color.
* In OSDL mode
Set a blank character or a character of transparent color to the 22nd character.
* In CDOSD mode
The character is not displayed, and color palette color specified by bits 3 to 6 of color
code 1 can be output in the 22nd’s character area (left 1/3 part).

Display
sequence 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

RAM .
address| 1| 2 | 4| 5| 7| 8|10| 11] 13| 14| 16 17| 19| 20| 22| 23| 25| 26| 28| 29| 3132 | L3TCSize block

order ‘

Displa 3 3 3 3
sequence! 1 2 314 5 6 7 8 91011121314151617 181920212223 2425 26 27 28 29 3031 32!

RAM
address | 12 |3(4|5|6|7|8|9(10/11{12(13[14[1516(17|18[19|20(2122|23|24(25|26(27(28|2930|31(32 * 1Tc size block
order

Figure 2.16.24 RAM data for 3rd character (in 32-character mode)
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Table 2.16.3 Contents of OSD RAM (1st to 32nd character)

Block Display Position (from left) Character Code Specification |  Color Code 1 Specification | Color Code 2 Specification
1st character 040016 040116 048016
2nd character 040216 040316 048216
Block 1 31st character 043C16 043D16 04BC16
32nd character 043E16 043F16 04BE16
1st character 044016 044116 04CO016
2nd character 044216 044316 04C216
Block 2 : : : :
31st character 047C16 047D16 04FC16
32nd character 047E16 047F16 04FE16
1st character 050016 050116 058016
2nd character 050216 050316 058216
Block 3 : : : :
31st character 053C16 053D16 05BC16
32nd character 053E16 053F16 05BE16
1st character 054016 054116 05C016
2nd character 054216 054316 05C216
Block 4 : : : :
31st character 057C16 057D16 05FC16
32nd character 057E16 057F16 05FE16
1st character 060016 060116 068016
2nd character 060216 060316 068216
Block 5 : : : :
31st character 063C16 063D16 06BC16
32nd character 063E16 063F16 06BE16
1st character 064016 064116 06CO016
2nd character 064216 064316 06C216
Block 6 : : : :
31st character 067C16 067D16 06FC16
32nd character 067E16 067F16 06FE16
Ist character 070016 070116 078016
Block 7 2nd character 070216 070316 078216
31st character 073C16 073D16 07BC16
32nd character 073E16 073F16 07BE16
1st character 074016 074116 07C016
2nd character 074216 074316 07C216
Block 8 : : : :
31st character 077C16 077D16 07FC16
32nd character 077E16 077F16 07FEz16
1st character 080016 080116 088016
2nd character 080216 080316 088216
Block 9 : : : :
31st character 083C16 083D16 08BC16
32nd character 083E16 083F16 08BE16
1st character 084016 084116 08C016
2nd character 084216 084316 08C216
Block 10 : : : :
31st character 087C16 087D16 08FC16
32nd character 087E16 087F16 08FE16
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Table 2.16.4 Contents of OSD RAM (1st to 32nd character) (continued)

Block Display Position (from left) Character Code Specification | Color Code 1 Specification | Color Code 2 Specification
1st character 090016 090116 098016
2nd character 090216 090316 098216
Block 11 . . . .
31st character 093C16 093D16 09BC16
32nd character 093E16 093F16 09BE16
1st character 094016 094116 09C016
2nd character 094216 094316 09C216
Block 12 : : : :
31st character 097C16 097D16 09FC16
32nd character 097E16 097F16 09FE16
1st character 0A0Q016 0A01l16 0A8016
2nd character 0A0216 0A0316 0A8216
Block 13 : : : :
31st character 0A3C16 0A3D16 0ABC16
32nd character 0A3E16 0A3F16 0ABE16
1st character 0A4016 0A4116 0ACO16
2nd character 0A4216 0A4316 0AC216
Block 14 : : : :
31st character 0A7C16 0A7D16 0AFC16
32nd character 0A7E16 0A7F16 OAFE16
1st character 0B0016 0B0116 0B8016
2nd character 0B0216 0B0316 0B8216
Block 15 : : : :
31st character 0B3C16 0B3D16 0BBC16
32nd character 0B3E16 0B3F16 0BBE16
1st character 0B4016 0B4116 0BCO16
2nd character 0B4216 0B4316 0BC216
Block 16 : : : :
31st character 0B7C16 0B7D16 0BF016
32nd character OB7E16 0B7F16 0BFE16
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Table 2.16.5 Contents of OSD RAM (33rd to 42nd character)

Block Display Position (from left) Character Code Specification | Color Code 1 Specification | Color Code 2 Specification
33rd character 0C0016 0CO0116 0C8016
| " 3athcharacter | 0C02,6 | 0C03,6 | 0C8216 |
| _ _39thcharacter | _ o0coCie __ _|___ _0CODi6 _ _ | _ _0C8Ci6 _ _ |
Block 1 40th character 0COE16 0COF16 0C8E16
41st character OEO0O016 OEO116 OE8016
42nd character OEO0216 0E0316 OE8216
33rd character 0C1016 0C1116 0C9016
| 3athcharacter |  o0Cl2zie |  o0c13e |  0C9216 |
Block 2 | _3%thcharacter | ocicie  _ _|_ _ _ocibie _ __ | __ _ocaCis _ _|
40th character 0OC1E1s 0C1F16 0C9E16
41st character 0E0816 0E0916 0ES8816
42nd character OEOQA16 0OEOB16 OEB8A16
| _3%rdcharacter | 0C201s _ | _ _O0C2l6 _ _ | _ _OCAO16 _ _ |
34th character 0C2216 0C2316 0CA216
Block 3 39th character 0C2Ci6 0C2D16 0CAC16
' 40thcharacter |  O0C2El6 | O0C2Fis |  OCAEws |
41st character 0E1016 OE1l16 0E9016
42nd character 0E1216 0E1316 0E9216
33rd character 0C3016 0C3116 0CBO16
" " 34thcharacter | oc32e |  oc33e |  ocB2. |
Block 4  3othcharacter |  oc3ci |  ocaD.e | 0CBCis |
40th character 0C3E16 0C3F16 OCBE16
41st character OE1816 0E1916 0E9816
42nd character OE1A16 OE1B16 OE9A16
| _33dcharacter | 0C4018 | _0CAls _ _ | _ _0CCO® _ _|
34th character 0C4216 0C4316 0CC216
Block 5 | 39thcharacter |  oc4acie | _0c4bs | _ _occCie |
40th character 0C4E16 QC4F16 QOCCE16
41st character 0E2016 QE2116 QFEAQ16
42nd character 0E2216 0E2316 OEA216
| _33rdcharacter | 0C501 | _ _0OCSlis | _ _0CDO® _
34th character 0C5216 0C5316 0CD216
Block 6 ____39thcharacter | _ ocscie | _ocsbe | _ocDCie |
40th character 0C5E16 OC5F16 OCDE16
41st character OE2816 0E2916 OEA816
42nd character OE2A16 OE2B16 OEAA16
33rd character 0C6016 0C6116 0CEO16
T " 3ithcharacter | 0Cézs | oce3ws |  O0CE2s |
Block 7 ___?’gt_h%rﬁt‘i______Q_QGQ_lﬁ______OQG-DJ.ﬁ___.___QCIiCJ.ﬁ___
40th character 0C6E16 0C6F16 0CEE16
41st character OE3016 OE3116 OEBO16
42nd character 0OE3216 0E3316 0EB216
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Table 2.16.6 Contents of OSD RAM (33rd to 42nd character) (continued)

Block Display Position (from left) Character Code Specification | Color Code 1 Specification | Color Code 2 Specification
33rd character 0C7016 0C7116 0CFO016
" 3athcharacter |  o0C726 |  0C736 | OCF216 |
Block 8 | _39%hcharacter | 0C7Ci6 | OC7Die _ | _ _OCECi6 __ _ |
40th character 0C7E16 0C7F16 OCFE16
41st character 0E3816 OE3916 OEBB816
42nd character OE3A16 OE3B16 OEBA16
33rd character 0D0016 0D0116 0D8016
| " aathcharacter |  ODO2ie | ~ 0DO31s | =~ OD821 |
Block 9 | _39thcharacter | _ obocie __ _|____ ODODis _ _ | _ _0OD8Ci6 _ _ |
40th character O0DOE16 0DOF16 0D8E16
41st character 0E4016 OE4116 OECO016
42nd character 0E4216 0E4316 OEC216
33rd character 0D1016 0D1116 0D9016
- 3athcharacter |  ODl2is |  OD13. |  0D921.6 |
Block10 | __ _3%hcharacter __ __ | OD1Cis | ~_ ODID1e | ~0OD9Ci6 |
40th character OD1E16 OD1F16 OD9E16
41st character OE4816 OE4916 OECB816
42nd character OE4A16 OE4B16 OECA16
33rd character 0D2016 0D2116 ODAO16
" 34thcharacter |  OD22,6 |  OD23 |  ODA2.6 |
Block11 | _ _39hcharacter | 0D2Ci_ _ | OD2D1s _ _ | _ _ODACi _ _|
40th character 0D2E16 0D2F16 ODAE16
41st character 0E5016 OE5116 OEDO16
42nd character 0E5216 OE5316 OED216
| 33rdcharacter | 0D30s6 | Ob3lie | O0DBO |
34th character 0D3216 0D3316 0DB216
Block12 | ~__39%hcharacter | _ op3Cie_ __ _|____ 0D3D ____ | __ _ODBCis __ _|
40th character 0D3E16 OD3F16 ODBE16
41st character 0E5816 0E5916 OED816
42nd character OE5A16 OE5B16 OEDA16
| _33rdcharacter | OD40se | Obalss | 0DCO®
34th character 0D4216 0D4316 0DC216
Block 13 | _39thcharacter | _ op4cie _ _|__ OD4D1s _ _ | _ _ODCCi6 _ _ |
40th character 0D4E16 0D4F16 ODCE16
41st character 0E6016 OE6116 OEEO16
42nd character 0E6216 OE6316 OEE216
33rd character 0D5016 0D5116 0DDO016
~ 34thcharacter | oD5216 | OD5316 | o0DD21s |
Block14 | _sothcharacter | opscie | opsDi | _ _obDCis
40th character 0D5E16 0D5F16 ODDE16
41st character OE6816 OEG6916 OEEB816
42nd character OE6A16 OE6B16 OEEA16
Rev. 1.0
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Table 2.16.7 Contents of OSD RAM (33rd to 42nd character) (continued)

Block Display Position (from left) Character Code Specification| Color Code 1 Specification | Color Code 2 Specification
33rd character 0D6016 0D6116 ODEO16

~ 7 " 34thcharacter =~ |~ oDé21.6 | 0D631s |  ODE216 |

39th character _ _ObeCi¢ _ |~ _oD6Dis _ _ | _ _ODECis _ _ |
Block1S | " aoth character | ODBE16 0D6F15 ODEE16
41st character 0E7016 0E7116 OEFO016
42nd character 0E7216 OE7316 OEF216

__ _S3dcharacter |  OD7016 | OD7116 | _ ODFO1 _ |
34th character 0D7216 0D7316 ODF216

Block16 | _ S9thcharacter |  oDp7Cie _ | _0D7D __ __ | __ _ODFCie __ _ |
40th character OD7E16 O0D7F16 ODFE16
41st character OE7816 OE7916 OEF816
42nd character OE7A16 OE7B16 OEFA16
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Blocks 1to 16

b2 bl b0 b7 b0 b7 b0
C9 |RC21|RC20 |RC17|RC16|RC15/RC14/RC13|RC12|RC11| C8 Cc7 C6| C5| C4| C3|C2|C1, Co
Color code 2 Color code 1 Character code
_ CC mode OSD mode CDOSD mode
Bit Bit name Function Bit name Function Bit name Function
Cco
c1 Specify
character code
c2 Character Character Speci CD code in
i eci .
c3 code Specify code ) P fyd , (6 bits) 0SD ROM
. i . character code in
C4 | (Low-order 9 hits) character code in (Low-order 9 bits) (color dot)
OSD ROM OSD ROM
C5
C6
c7
C8
Not used
RC11 Color palette | Specify color palette Color palette | Specify color palette
selection bit O for character selection bit O for character
Q (See note 3) Q (See note 3)
RC12| 2 Color palette o Color palette
8| selection bit 1 2| selection bit 1
) @
RC13 Color palette - Color palette Color palette
selection bit 2 selection bit 2 selection bit 0
- Specify a dot
RC14| ltalic control |0 ltalic OFF Color palette S| Color palette | which selects
1: Italic ON selection bit 3 o| selection bit 1 | color palette 0 or
0: Flash OFF 2 8 by OSD ROM
: Flas Q =
RC15| Flash control 2 Color palette Specify color palette Color palette (See note 4)
1: Flash ON 5| selection bit0 for character selection bit 2
Q
RC16| Underline control [0: Underline OFF 2 Color palette| (S N0t 3) Color palette
1: Underline ON | 8| selection bit 1 selection bit 3
2
RCI7[" ouT2 output  |0: OUT2 output OFF|  OUT2 output | 0: OUT2 output OFF| OUT2 output  [0: OUT2 output OFH
control 13: OUT2 output ON control 1: OUT2 output ON control 1: OUT2 output ON
RC20 ?:,r Color palette | Specify color palette g Color palette | Specify color palette
g| selectionbit0| forbackground (| selection bit2| for background
RC21 @ (See note 3) @ (See note 3) Not used
g| Color palette g| Color palette
2| selection bit 1 2| selection bit 3
g g
a 2
C9 | Character code |Specify character |Character code | Specify character Not used
(High-order 1 bit) |code in OSD ROM| (High-order 1 bit) |code in OSD ROM
Notes 1: Read value of bits 3 to 7 of the color code 2 is undefined.

2: For “not used” bits, the write value is read.

3:
4:

Refer to Figure 2

.16.26.
Only in CDOSD mode, a dot which selects color palette 0 or 8 is colored to the color palette set by RC13 to RC16 of

OSD RAM in character units. When the character size is 1.5Tc O 1H or 1.5Tc O 1/2H, however, set RCI3 to RC16
and RC17 of all characters (including the 3nth character) within the same block to the same value.

Figure 2.16.25 Structure of OSD RAM
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(3) OSD RAM (OSD RAM for SPRITE, addresses OF00 16 to OFA7 16)
The OSD RAM for SPRITE fonts 1 and 2, consisting of 3 planes for each font, is assigned to ad-
dresses OF0016 to OFA716. Each plane corresponds to each color palette selection bit and the color

palette of each dot is determined from among 8 kinds.

Table 2.16.8 OSD RAM address (SPRITE)

Planes Plane 2 Plane 1 Plane 0
(Color palette selection bit 2)(Color palette selection bit 1)(Color palette selection bit 0),
Dots 1to8 9to 16 1to8 9to 16 1to8 9to 16
Bits b7 to b0 b7 to b0 b7 to b0 b7 to b0 b7 to b0 b7 to b0
Line 1 OF8016 OF8116 OF4016 OF4116 OF0016 OFO01l16
Line 2 OF8216 OF8316 OF4216 OF4316 0F0216 0F0316
Line 19 OFA416 OFA516 OF6416 OF6516 OF2416 OF2516
Line 20 OFA616 OFA716 OF6616 OF6716 OF2616 OF2716
Plane 2
Dot structure of SPRITE font
Plane 1
Dot number / Plane 0
'1234567891011213141516! ‘ /
; 2131415 16; ‘
3 b 131415 16;
4
5
6
7
X 8
Line 9
number 10
1
12
13
14
15
16
17
18
19
20

20
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2.16.7 Character Color
As shown in Figure 2.16.26, there are 16 built-in color codes. Color palette 0 is fixed at transparent, and
color palette 8 is fixed at black. The remaining 14 colors can be set to any of the 64 colors available. The
setting procedure for character colors is as follows:

Color palette selection range (color palettes 0 to 7 or 8 to 15) can be selected by bit 0 of the OSD control
register 3 (address 020716). Color palettes are set by bits RC11 to RC13 of the OSD RAM from among
the selection range.

¢ OSD MOAE ...ovvieiieiiiieieiiiiee 16 kinds
Color palettes are set by bits RC11 to RC14 of the OSD RAM.
* CDOSD mode.........ccccvvvvieiieenaeeann. 8 kinds

Color palette selection range (color palettes 0 to 7 or 8 to 15) can be selected by bit 3 of the OSD control
register 3 (address 020716). Color palettes are set in dot units according to CD font data (the OSD RAM
<color dot font> contents) from among the selection range.

Only in CDOSD mode, a dot which selects color palette 0 or 8 is colored to the color palette set by RC13
to RC16 of OSD RAM in character units (refer to Figure 2.16.28).

* SPRITE display .........ccccuviveeeeneneenn. 8 kinds

Color palette selection range (color palettes 0 to 7 or 8 to 15) can be selected by bit 4 of the OSD control
register 3 (address 020716). Color palettes are set in dot units according to the CD font data (the OSD
RAM <color dot font> contents) from among the selection range.

Notes 1: Color palette 8 is always selected for bordering and solid space output (OUT 1 output) regardless
of the set value in the register.

2: Color palette 0 (transparent) and the transparent setting of other color palettes will differ. When
there are multiple layers overlapping (on top of each other, piled up), and the priority layer is color
palette O (transparent), the bottom layer is displayed, but if the priority layer is the transparent
setting of any other color palette, the background is displayed without displaying the bottom layer
(refer to Figure 2.16.28).

2.16.8 Character Background Color

The display area around the characters can be colored in with a character background color. Character

background colors are set in character units.

L OO 1T Lo [ 4 kinds
Color palette selection range (color codes 0to 3,4 to 7, 8 to 11, or 12 to 15) can be selected by bits 1 and
2 of the OSD control register 3 (address 020716). Color palettes are set by bits RC20 and RC21 of the
OSD RAM from among the selection range.

*OSDS MOde ...oevvvveeeeeeiiiiiieee, 16 kinds
Color palettes are set by bits RC15, RC16, RC20, and RC21 of the OSD RAM.

Note: The character background is displayed in the following part:
(character display area) — (character font) — (border).
Accordingly, the character background color and the color signal for these two sections cannot be
mixed.
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CC mode (character)
CC mode SPRITE display OSD mode
(background) CDOSD mode (character) (character,
(See note 2) background)

A N N
Color palette 0 (Transparent)
Color palette 1
Color palette 2
Color palette 3 J
Color palette 4
Color palette 5 9
Color palette 6
Color palette 7 Select one Select either Any palette

< i < i >
Color palette 8 (Black) palette in . palette in _ can be

screen units. screen units. selected.

Color palette 9 L (See note 1) (See note 1)
Color palette 10
Color palette 11 2
Color palette 12
Color palette 13
Color palette 14
Color palette 15

~ P P

Notes 1: Color palettes are selected by OSD control register 3 (address 020716).
2: Only in CDOSD mode, a dot which selects color palette 0 or 8 is colored to
of OSD RAM in character units.

Figure 2.16.26 Color palette selection
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Dot area specified to color palette 1 Set values of OSD RAM (RC16 to RC13)
0000 0001 0010
|:|Transparent
- Black
Blue

Dot area specified to color palette 0 When setting black and blue to color palettes 1 and 2, respectively
(only in CDOSD mode).

Figure 2.16.27 Set of color palette 0 or 8 in CDOSD mode

Color palette 1 (Transparent)

T Color palette 0 (Transparent)
Layer 1 é Black
(CCmode) g
l \ T ¢ /Blue
Q
LSS
)
T N
Color palette 2 (Blue) 9
i Transparent
T / l 4 (video signal)
Layer 2 2 .
When layer 1 has priority.
(OSDS/L mode) 3 4 prionty
i Color palette 8 (Black)

Figure 2.16.28 Difference between color palette O (transparent) and transparent setting of other
color palettes
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OSD control register 3

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset
0oC3 020716 0016

3 i 3 3 3 3 3 3 Bit symbol Bit name Function R : W
3 E 3 3 3 3 3 1 0C30 CC mode character | 0: Color palettes 0 to 7 OEO
e color selection bit 1: Color palettes 8 to 15 !
3 3 3 3 3 3 - CC mode character |b2 bl :
A ocs1 background color 0 0: Color palettes 0 to 3 o0
oo selection bits 0 1: Color palettes 4 to 7 :
S P 0C32 (See note) 1 0: Color palettes 8 to 11 O:O
[T A 1 1: Color palettes 12 to 15 :
E 3 3 3 ] 0oc33  |CDOSD mode 0: Color palettes 0 to 7 OEO
Lo character color 1: Color palettes 8 to 15 '
o selection bit !
o T 0c34 |SPRITE color 0: Color palettes 0 to 7 :
o selection bit 1: Color palettes 8 to 15 0:0
e oc35s  |OSD mode window | 0: Window OFF '
Lo control bit 1: Window ON OEO
A . oc36  |CC mode window | 0: Window OFF ;
! control bit 1: Window ON O:O
o oc37 |CDOSD mode 0: Window OFF :

window control bit 1: Window ON O:O

Note: Color palette 8 is always selected for solid space (when OUT1
output is selected), regardless of value of this register.

Figure 2.16.29 OSD control register 3

Color palette register i
b7 b6 b5 b4 b3 b2 bl b0
Symbol Addresses When reset
N | I_l | | | | CRIi 024116 to 024716 and Indeterminate
(i=1to 7, 9to 15) 024916 to 024F16

3 3 3 3 3 3 3 3 Bit symbol Bit name Function R : W
A ) . bl bo .
b oo | CRIO R S'Q“I""L_’:’Utp”t 0 0: No output (See note) O EO
A control bits 0 1:1/3Vee ;
e . 1 0:2/3Vcc :
[ T R R E R pup— CRi_1 H
A B 1 1:Vce o0
Lo i i i i ) ) b3 b2 .
[ CRi_2 cGozlt?glallji(t):tpUt 0 0: No output (See note) ®) EO
0 1:1/3Vce L
e CRi 3 1 0:2/3Vce :
Lo - 1 1:Vec O IO
[ : ,,,,,,,,,,,,, . ) b5 ba :
o CRi_4 Soil?rgﬂ)icilsnput 0 0: No output (See note) O :O
3 3 3 0 1:1/3 Vcc 1
e e CRi_5 1 0:2/3Vcc H
Lo 1 1:Vec 0.0
e CRi_6 [ OUT1 signal 0: No output :
} output control bit 1: Output O EO
R Nothing is assigned. '

In an attempt to write to this bit, write “0.” ——

The value, if read, turns out to be indeterminate. ;

Note: When selecting digital output, the output is Vcc at all values other than “00.”

Figure 2.16.30 Color palette registeri(i=1to 7, 9 to 15)
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2.16.9 OUT1, OUT?2 Signals
The OUT1, OUT2 signals are used to control the luminance of the video signal. The output waveform of
the OUT1, OUT2 signals is controlled by bit 6 of the color palette register i (refer to Figure 2.16.30), bits
0 to 2 of the block control register i (refer to Figure 2.16.4) and RC17 of OSD RAM. The setting values for
controlling OUT1, OUT2 and the corresponding output waveform is shown in Figure 2.16.31.

Conditions e |
OUT2 output | Border output OUTlsi%gaéLo#;E:tzgomrol bit ‘
control b6 (CRL. 6) of color pallet ‘ Pl |
(RC 17 of R e sl P |
OSD RAM) Background | Character ; I :
Ho B |
0 L— — 3
0 } i —— }
H o [ |
1 L s 1
No output f L :
Ho —~ ‘
0 L — 1 |—l | L
Ho
. o
ouTL 0 1 B 1
signal 1 P 1
H R :
0 L — r[_|_| :
0 s SRS s
Ho — 1
! L— ] 1
Output 1
(See note 1) H I 1
0 v B -
1 : —— :
H O :
- o
H
0 [} ] O L
ouT2 |
signal } }
H
! : S N L

Notes 1: This control is only valid in the OSDS mode. Itis invalid in CC/CDOSD/OSDL mode .
2: In the CDOSD maode, coloring is performed for each dot. Accordingly, OUT1 outputs to dots
which bit 6 (CRi_6) of the color pallet register i is set to “0.”
3: OUT2 cannot be output in sprite OSD.
4: O is an arbitrary value.

Figure 2.16.31 Setting value for controlling OUT1, OUT2 and corresponding output waveform
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2.16.10 Attribute

The attributes (flash, underline, italic fonts) are controlled to the character font. The attributes for each
character are specified by RC14 to RC16 of OSD RAM (refer to Figure 2.16.26). The attributes to be
controlled are different depending on each mode.

CCmode.......ccouveeenn. Flash, underline, italic for each character

OSDS mode............... Border (all bordered, shadow bordered can be selected) for each block

(1) Under line
The underline is output at the 23rd and 24th lines in vertical direction only in the CC mode. The
underline is controlled by RC16 of OSD RAM. The color of underline is the same color as that of the
character font.

(2) Flash

The parts of the character font, the underline, and the character background are flashed only in the CC
mode. The flash for each character is controlled by RC15 of OSD RAM. The ON/OFF for flash is
controlled by bit 3 of the OSD control register 1 (refer to Figure 2.16.3). When this bit is “0, " only
character font and underline flash. When “1,” for a character without solid space output, R, G, B and
OUTL1 (all display area) flash, for a character with solid space output, only R, G, and B (all display
area) flash. The flash cycle bases on the VsyNC count.
<NTSC method> - VsYNC cycle 0 24 =400 ms (at flash ON)

- VsYNC cycle 0 8 = 133 ms (at flash OFF)

(3) ltalic
The italic is made by slanting the font stored in OSD ROM to the right only in the CC mode. The italic
is controlled by RC14 of OSD RAM.

The display example attribute is shown in Figure 2.16.33. In this case, “R” is displayed.

Notes 1: When setting both the italic and the flash, the italic character flashes.

2: When a flash character (with flash character background) adjoin on the right side of a non-
flash italic character, parts out of the non-flash italic character is also flashed.

3: OUT2 is not flashed.

4: When the pre-divide ratio = 1, the italic character with slant of 1 dot [ 5 steps is displayed ;
when the pre-divide ratio = 2, the italic character with slant of 1/2 dot 0 10 steps is displayed
(refer to Figure 2.16.32 (c), (d)). However, when displaying the italic character with the pre-
divide ratio = 1, set the OSD clock frequency to 11 MHz to 14 MHz.

5: The boundary of character color is displayed in italic. However, the boundary of character
background color is not affected by the italic (refer to Figure 2.16.33).

6: The adjacent character (one side or both side) to an italic character is displayed in italic even
when the character is not specified to display in italic (refer to Figure 2.16.33).

7: When displaying the 32nd character (in 32-character mode)/42nd character (in 42-character
mode) in the italic and when solid space is off (OC14 = “0"), parts out of character area is not
displayed (refer to Figure 2.16.33).
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Color code 1 Color code 1
Bit 6 Bit 4 Bit 6 Bit 4
0 0 1 0
EEEEEEEEEEEEEEEE
(a) Ordinary (b) Underline
Color code 1 Color code 1
Bit 6 Bit 4 Bit 6 Bit 4
0 1 0 1
(c) Italic (pre-divide ratio = 1) (d) Under line and ltalic (pre-divide ratio = 2)
\ /
\ \ /
~ ~ Color code

Bit4 | Bit5 | Bit6
(RC 16) | (RC 15) | (RC 16)

&

flash

L

flash

OFF

(e) Under line and lItalic and flash

Figure 2.16.32 Example of attribute display (in CC mode)
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26th chracter 32nd chracter
(Refer to “12.16.10 Notes 5, 6”) (Refer to “12.16.10 Notes 6, 7”)
~

/ i / 1 \ i ' 1/\ i \

Bit 4 of color
code 1 0 0 1 1 0 1
Notes 1: The dotted line is the boundary of character color.

2 : When bit 4 of OSD control register 1 is “0.”

Figure 2.16.33 Example of italic display
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(4) Border
The border is output in only the OSDS mode. The all bordered (bordering around of character font)
and the shadow bordered (bordering right and bottom sides of character font) are selected (refer to
Figure 2.16.34) by bit 2 of the OSD control register 1 (refer to Figure 2.16.3). The ON/OFF switch for
borders can be controlled in block units by bits 0 to 2 of the block control register i (refer to Figure
2.16.4).
The OUT1 signal is used for border output. The border color is fixed at color palette 8 (block). The
border color for each screen is specified by the border color register i.
The horizontal size (x) of border is 1Tc (OSD clock cycle divided in the pre-divide circuit) regardless of
the character font dot size. However, only when the pre-divide ratio = 2 and character size = 1.5Tc, the
horizontal size is 1.5Tc. The vertical size (y) different depending on the screen scan mode and the
vertical dot size of character font.

Notes 1 : The border dot area is the shaded area as shown in Figure 2.16.36.
2 : When the border dot overlaps on the next character font, the character font has priority
(refer to Figure 2.16.37 A). When the border dot overlaps on the next character back
ground, the border has priority (refer to Figure 2.16.37 B).
3 : The border in vertical out of character area is not displayed (refer to Figure 2.16.38).

All bordered Shadow bordered

Figure 2.16.34 Example of border display

Scan mode Normal scan mode Bi-scan mode

Bord Vertical dot size of
dot Sive character font 1/2H 1H, 2H, 3H 1/2H, 1H, 2H, 3H

1Tc (OSD clock cycle divided in pre-divide circuit)

Horizontal size (x) 1.5Tc when selecting 1.5Tc for character size.

Vertical size (y) 1/2H 1H 1H

Figure 2.16.35 Horizontal and vertical size of border
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OSDS mode

16 dots

Character
font area

20 dots

1 dot width of border 1 dot width of border

Figure 2.16.36 Border area

Character boundary  Character boundary Character boundary
B A

Figure 2.16.37 Border priority
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2.16.11 Automatic Solid Space Function
This function generates automatically the solid space (OUT1 or OUT2 blank output) of the character area
in the CC mode.
The solid space is output in the following area :
« the character area except character code “00916 ”
the character area on the left and right sides
This function is turned on and off by bit 4 of the OSD control register 1 (refer to Figure 2.16.3).
OUT1 or OUT2 output is selected by bit 3 of the OSD control register 2.

Notes 1: When selecting OUT1 as solid space output, character background color with solid space

output is fixed to color palette 8 (black) regardless of setting.
2: When selecting any font except blank font as the character code “00916,” the set font is output.

Table 2.16.10 Setting for automatic solid space

Bit 4 of OSD control register 1 0 1

Bit 3 of OSD control register 2 0 1 0 1

RC17 of OSD RAM o | 1 0 1 0 1 0 1

OUT1 output signal «Character font area «Character fontarea | +Solid space area «Character font area
«Character background | «Character background *Character background
area area area

OUT?2 output signal

*Character *Character *Character . *Solid space
OFF display area OFF display area| OFF display area *Solid SPACC.Character
display area

When setting the character code “00516” as the character A, “00616” as the character B.

16. 16 16 16 16 16|

BR -

32nd character (in 32-character mode)
42nd character (in 42-character mode)

1st 2nd

character character No solid space

output

Figure 2.16.38 Display screen example of automatic solid space
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2.16.12 Multiline Display

This microcomputer can ordinarily display 16 lines on the CRT screen by displaying 16 blocks at different
vertical positions. In addition, it can display up to 16 lines by using OSD1 interrupts.
An OSD1 interrupt request occurs 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 scanning line exceeds the block. The mode in which an OSD1 interrupt occurs is
different depending on the setting of the OSD control register 2 (refer to Figure 2.16.7).
» When bit 7 of the OSD control register 2 is “0”

An OSD1 interrupt request occurs at the completion of layer 1 block display.
» When bit 7 of the OSD control register 2 is “1”

An OSD1 interrupt request occurs at the completion of layer 2 block display.

Notes 1. An OSD1 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 by the display control bit of the block control register i
(addresses 021016 to 021F16), an OSD1 interrupt request does not occur (refer to Figure
2.16.41 (A)).

2: When another block display appears while one block is displayed, an OSD1 interrupt request
occurs only once at the end of the another block display (refer to Figure 2.16.40 (B)).

3: On the screen setting window, an OSD1 interrupt occurs even at the end of the CC mode block
(off display) out of window (refer to Figure 2.16.40 (C)).

~~**0SD1 interrupt request” "7 “OSD1 interrupt request”

Block 1 (on display) Block 1 (on display) “ ; "
‘ J __:%OSD1 interrupt request” ‘ ‘) OSD1 interrupt request

Block 2 (on displa Block 2 (on displa) “ i ,,
‘ ( play) L, - .“OSD1 interrupt request” ‘ ( play) ‘7” _-, “OSDL interrupt request
\ Block3(ondisplay) | | | Block 3 (off display) |  No

Block 4 (on display)

[~ **OSD1 interrupt request’ | T T "> No )
“OSD1 interrupt request”

On display (OSD1 interrupt request occurs Off display (OSD1 interrupt request does
at the end of block display) not occur at the end of block display)
(A
560
ST %"{*‘OSDl interrupt request”
Block 1 AT
Block 2 R "‘\IOOSDl interrupt request” ‘ Block 2 {
oc ; --1--» “OSD1 interrupt request”
~17 “OSDlinterrupt request” / Y| _ o o e
L ~4--->"0OSD1 interrupt request”
Window
(B) (C)

Figure 2.16.40 Note on occurrence of OSD1 interrupt
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2.16.13 SPRITE OSD Function

This is especially suitable for cursor and other displays as its function allows for display in any position,
regardless of the validity of block OSD displays or display positions. The sprite font is a RAM font consist-
ing of 16 horizontal dots [0 20 vertical dots, three planes, and three bits of data per dot. Each plane has
corresponding color palette selection bit, and 8 kinds of color palettes can be selected by the plane bit
combination (three bits) for each dot. In addition, the selection range (color palettes 0 to 7 and 8 to 15)
can be set, per screen, by bit 4 of the OSD control register 3. The color palette is set in dot units according
to the OSD RAM (SPRITE) contents from among the selection range. It is possible to add arbitrary font
data by software as the SPRITE fonts consist of RAM font.

The SPRITE OSD control register can control SPRITE display, dot size, interrupt position, and interrupt
generation factors for the SPRITE OSD. The display position can also be set independently of the block
display by the SPRITE horizontal position registers and the sprite horizontal vertical position registers. At
this time, the horizontal position is set in 2048 steps in 2Tosc units, and the vertical position is set in 1024
steps in 1TH units. When SPRITE display overlaps with other OSD displays, SPRITE display is always
given priority. However, the SPRITE display overlaps with the display which includes OUT2 output,
OUT2 in the OSD is output without masking.

Notes 1: The SPRITE OSD function cannot output OUT2.
2: When using SPRITE OSD, do not set HS < “00316”, HS = “80016.”
3: When using SPRITE OSD, do not set VS = “00016,” VS = “40016.”

dot dot ...... dot dot
12 1516
Line 1
Line 2 . .
Video adjustment
H Tint —ee|ee+t
O Contrast —eo|eet
- = Color ton —eo|ee+
am a an Picture —oo|ee+
Brightness —eo oo+
Line 19
Line 20
Example of SPRITE font Example of SPRITE display

Figure 2.16.41 SPRITE OSD display example
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SPRITE OSD control register

occurrence
position selection
bit

1: After display of horizontal 10 dots or 20 dots

””””””” Nothing is assigned.

In an attempt to write to these bits, write “0.”
The value, if read, turns out to be “0.”

b7 b6 b5b4b3b2b1 b0 Symbol Address When reset
SC 025816 XXX000002
Bit symbol Bit name Function P W
b sco SPRITEOSD  |0: Stopped o)
oo control bit 1: Operating E
AR sc1 Pre-divide ratio | 0: Pre-divide ratio 1 o)
ol selection bit 1: Pre-divide ratio 2
EEREE O :
AR A sc2 Dot size selection | g o; 17¢ 0 1/2H e
R bits 0 1:1TcO1H i
S 1 0:2TcO1H :
P 1O
oo SC3 1 1:2TcO2H '
R sca OSD2 interrupt | 0: After display of horizontal 20 dots o

Notes 1: Tc is OSD cycle divided in pre-divide circuit
2: His Hsync

Figure 2.16.42

SPRITE OSD control register
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SPRITE horizontal position register

(b15) (b8)
b7 b6 b5 b4 b3 b2 bl b0 b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
HS 025716, 025616 Indeterminate
- Bit symbol Bit name Function REW
4 4 4 4 4 4 4 a4 a4 a4 4 44 1| HS10to HSO |Horizontal display start | Horizontal display start position = 2Tosc O n |O:O)
T position control bits of (n: setting value, Tosc: OSD oscillation cycle) .
B R RN SPRITE fo :
E E E E E Nothing is assined. —E—
'''''''''''''''''''''''''''''' In an attempt to write to this bit, write “0.” !
The value, if read, turns out to be indeterminate. !
Note : Do not set HS < “00316,” HS = “80016.”
Figure 2.16.43 SPRITE horizontal position register
SPRITE vertical position register
(b15) (b8)
b7 b6 b5 b4 b3 b2 bl b0 b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
VS 025516, 025416 Indeterminate
Bit symbol Bit name Function R EW
VS9 to VSO | Vertical display start Vertical display start position = TH 0O n OO
position control bits of (n: setting value, TH: Hsync cycle) !
SPRITE font

Nothing is assined.
In an attempt to write to this bit, write “0.”

The value, if re

ad, turns out to be indeterminate.

Note : Do not set VS = “0001s,” VS 2 “40016.”

Figure 2.16.44 SPRITE vertical position registeri (i =1, 2)
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2.16.14 Window Function

The window function can be set windows on-screen and output OSD within only the area where the
window is set.

The ON/OFF for vertical window function is performed by bit 5 of the OSD control register 1 and is used
to select vertical window function or vertical blank function by bit 6 of the OSD control register 2. Accord-
ingly, the vertical window function cannot be used simultaneously with the vertical blank function. The
display mode to validate the window function is selected by bits 5 to 7 of the OSD control register 3. The
top border is set by the top border control register (TB) and the bottom border is set by the bottom border
control register (BB).

The ON/OFF for horizontal window function is performed by bit 4 of the OSD control register 2 and is
used interchangeably for the horizontal blank function with bit 5 of the OSD control register 2. Accord-
ingly, the horizontal blank function cannot be used simultaneously with the horizontal window function.
The display mode to validate the window function is selected by bits 5 to 7 of the OSD control register 3.
The left border is set by the left border control register (LB), and the right border is set by the right border
control register (RB).

Notes 1: Horizontal blank and horizontal window, as well as vertical blank and vertical window can not be
used simultaneously.

2: When the window function is ON by OSD control registers 1 and 2, the window function of
OUT2 is valid in all display mode regardless of setting value of the OSD control register 3 (bits
5to 7). For example, even when make the window function valid in only CC mode, the function
of OUT2 is valid in OSD and CDOSD modes.

3: As for SPRITE display, the window function does not operate.

Left border Right border
of window . . of window
\I Window :/
<> Top border
: ! of window
CDOSD mod
A B C D E mode /
TR TG Y Ty o
K L MN O CC mode Window
____________ i W W Y < SO NN TN A
OSD mode \
,U VvV WX Y . Bottom border
. H of window
Screen

Figure 2.16.45 Example of window function (When CC mode is valid)
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2.16.15 Blank Function
The blank function can output blank (OUT1) area on all sides (vertical and horizontal) of the screen. This
provides the blank signal, wipe function, etc., when outputting a 3 : 4 image on a wide screen.
The ON/OFF for vertical blank function is performed by bit 5 of the OSD control register 1 and is used to
select vertical window function or vertical blank function by bit 6 of the OSD control register 2. Accord-
ingly, the vertical blank function cannot be used simultaneously with the vertical window function. The top
border is set by the top border control register (TB), and the bottom border is set by the bottom border
control register (BB), in 1H units.
The ON/OFF for horizontal blank function is performed by bit 4 of the OSD control register 2 and is used
interchangeably for the horizontal window function with bit 5 of the OSD control register 2 . Accordingly,
the horizontal blank function cannot be used simultaneously with the horizontal window function. The left
border is set by the left border control register (LB) and the right border is set by the right border control
register (RB), in 4TOSC units.
The OSD output (except raster) in area with blank output is not deleted.
These blank signals are not output in the horizontal/vertical blanking interval.

Notes 1 : Horizontal blank and horizontal window, as well as vertical blank and vertical window can not be
used simultaneously.
2: When using the window function, be sure to set “1” to bit 0 of OSD control register 1.

Blank output
signal in
OUTL B microcomputer

Blank output

signal in ﬁ

microcomputer

LHLH

A

Output example of horizontal blank Output example of top and vertical blank

Figure 2.16.46 Blank output example (when OSD output is B + OUT1)
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Top border control register

(b1s) (b8)
b7 b6 b5 b4 b3 b2 bl b0 b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
TBR 020D16, 020C16 Indeterminate
Bit symbol Bit name Function R EW
TBR_9 to TBR_O| Top border control bits | Top border position = TH O n OO

(n: setting value, TH: Hsync cycle)

Nothing is assined.
In an attempt to write to this bit, write “0.”

The value, if read, turns out to be indeterminate.

Notes 1 : Do not set TBR < “00116,” TBR
2: Setas TBR <BBR.

2 "40016.”

Figure 2.16.47 Top border control register

Bottom border control register

(b1s) (b8)
b7 b6 b5 b4 b3 b2 bl b0 b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
BBR 020F16, 020E16 Indeterminate
Bit symbol Bit name Function R EW
BBR_9 to BBR_0| Bottom border control bits| Bottom border position = Th O n OO

(n: setting value, TH: Hsync cycle)

Nothing is assined.
In an attempt to write to this bit, write “0.”

The value, if read, turns out to be indeterminate.

Notes 1 : Do not set BBR = “4001s.”
2: Setas TBR <BBR.

Figure 2.16.48 Bottom border control register
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Left border control register

1 |LBR_10to LBR_0

(n: setting value, Tosc: OSD oscillation cycle)

(b15) (b8)
b7 b6 b5 b4 b3 b2 bl b0 b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

LBR 025116, 025016 XXXXX000000000012

T T T T R 10 Bit symbol Bit name Function R!W

A o Left border control bits | Left border position = 4Tosc U n 00

Nothing is assined.
In an attempt to write to this bit, write “0.”
The value, if read, turns out to be indeterminate.

Notes 1 : Do not set LBR < “00316,” LBR = “80016.”
2: Setas LBR <RBR.

Figure 2.16.49 Left border control register

Right border control register

1 [RBR_10 to RBR_0| Right border control bits

(n: setting value, Tosc: OSD oscillation cycle)

(b15) (b8)
b7 b6 b5 b4 b3 b2 bl b0 b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
RBR 025316, 025216 XXXXX000000000002
e Bit symbol Bit name Function R EW
A Left border position = 4Tosc 0 n [e)le)

Nothing is assined.
In an attempt to write to this bit, write “0.”
The value, if read, turns out to be indeterminate.

Notes 1 : Do not set RBR = “80016.”
2: Setas LBR <RBR.

Figure 2.16.50 Bottom border control register
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2.16.16 Raster Coloring Function

An entire screen (raster) can be colored by setting the bits 6 to 0 of the raster color register. Since each of
the R, G, B, OUT1, and OUT2 pins can be switched to raster coloring output, 512 raster colors can be

obtained.

When the character color/the character background color overlaps with the raster color, the color (R, G,
B, OUT1, OUT?2), specified for the character color/the character background color, takes priority of the
raster color. This ensures that the character color/the character background color is not mixed with the

raster color.

The raster color register is shown in Figure 2.16.51, the example of raster coloring is shown in Figure

2.16.52.

Note: Raster is not output to the area which includes blank area.

Raster color register
b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset
T e T —— —— RSC 020816 0016
3 | 3 3 b 3 3 Bit symbol Bit name Function R EW
A b0 bl .
A RSCO 0 0: No output (See note) [O 1 O
R A A Raster color R control bits 0 1:1/3 Vcc :
b 11 1 1 t---1 Rsc1 1 0:2/3Vee '
A 1 1:Vcc o : o
A b3 b2 :
e RSC2 0 0:No output (See note) (O 1 O
oo Raster color G control bits (l) é %g x(c:(c: .
| ! | [ R . 1
oo Ses 1 1:Vee 0:0
NN e :
ey RSC4 0 0: No output (See note) | O : O
Lo f 0 1:1/3Vcc !
[ Rast lor B | T
o] RSC5 aster color B control bits 1 0:2/3Vee 0:0
v 1 1:Vcc '
b 0: No output :
Dot RSC6 [ Raster color OUT1 control bit | 1. Outputp O : (@)
: Rsc7 | Raster color OUT2 control bit | O No output ;
””””””””””” 1: Output 0:0

Note: When selecting digital output, Vcc is output at any other values except “00.”

Figure 2.16.51 Raster color register
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[ : Character color “RED” (R and OUT1)
Il : Border color “BLACK” (OUT1)
[] : Background color “MAGENTA" (R, B and OUT1)
: Raster color “BLUE” (B and OUT1)
A> < A
HsYNC L ‘ ! Li
ouTt — ! T : L
3 1 ‘ '—[‘ f ‘ ‘ Signals
R ; ! ‘ ‘ I ; across
! ! AA
G I I
B — 1 | I—
<At horizontal blank output>
[ : Character color “RED” (R and OUT1)
Il : Border color “BLACK” (OUT1)
[]: Background color “MAGENTA" (R, B and OUT1)
[7] : Raster color “BLUE” (B and OUT1)
[ : Horizontal blank (QUT1)

A

HsYNC ‘ ' | ! ‘ ‘
outt ——— T I
R BRI e W w1 s AN S Signals

1 3 ! ! 3 E across

G — - — AN

B — I I —

Blank control ‘ ‘

signal in 4l__1 '_1‘7

microcomputer

Figure 2.16.52 Example of raster coloring
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2.16.17 Scan Mode
This microcomputer has the bi-scan mode for corresponding to HsyNC of double speed frequency. In the
bi-scan mode, the vertical start display position and the vertical size is two times as compared with the
normal scan mode. The scan mode is selected by bit 1 of the OSD control register 1 (refer to Figure

2.16.3).
Table 2.16.12 Setting for scan mode
Parameter Scan Mode Normal Scan Bi-Scan
Bit 1 of OSD control register 1 0 1
Vertical display start position Value of vertical position register O 1H Value of vertical position register O 2H
Vertical dot size 1Tc O 1/2H 1Tc O 1H
1Tc O 1H 1Tc O 2H
2Tc O 2H 2Tc O 4H
3Tc O 3H 3Tc O 6H

2.16.18 R, G, B Signal Output Control

The form of R, G, B signal output is controlled by bit 4 of the clock register and bit 2 of the OSD control
register 2 as the table below.

Table 2.16.13 R, G, B signal output control

Bit 4 of clock Bit 2 of OSD _
) . Form of R, G, B signal output
control register control register 2
0 0 Each R, G, B pin outputs 2 values (digital output).
1 Each R, G, B pin outputs 4 values (analog output).
Each R, R' (P73), G, G' (P60), B, B' (P57) pin outputs 2 values.

1 (Corresponding to each signal output control bits of color palette register i)
R, G, B: CRi_1, CRi_3, CRi_5, respectively
R', G', B: CRI_0, CRi_2, CRI_4, respectively

Note: When bit 4 of the clock control register is “1,” ports P57, P6o, P73 function as OSD function pins R', G', B', respectively. When
emulating, however, set bit 4 to “0.”
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2.16.19 OSD Reserved Register

OSD reserved registeri (i=1, 2)

b7 b6 b5 b4 b3 b2 bl b0 S b | Add Wh t
ymbo ress en rese
olofefofolofoo] "G/
OR2 027C16 0016
Bit symbol Bit name Description R W
bbbl Reserved bits Mest always be sed to “0” 010

Figure 2.16.53 OSD reserved register i (i=1, 2)

OSD reserved register 3

b7 b6 b5 b4 b3 b2 bl b0 S b | Add Wh t
lofo]ofoo]ofofo]  *EE VBt XX0000002

Bit symbol Bit name Description R W
Lolii .| Reserved bits Mest always be set to “0” O O
bon i Reserved bits Mest always be set to “0” X O

Figure 2.16.54 OSD reserved register 3
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2.17 Programmable 1/O Ports
There are 78 programmable 1/O ports: PO-P5, P60-P63, P67, P7, P82, P83, P86, P87, P90—P94 and P10.
Each port can be set independently for input or output using the direction register. A pull-up resistance for
each block of 4 ports can be set.
Figures 2.17.1 to 2.17.4 show the programmable 1/O ports.
Each pin functions as a programmable I/O port and as the I/O for the built-in peripheral devices.
To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input
mode. When the pins are used as the outputs for the built-in peripheral devices (other than the D-A con-
verter), they function as outputs regardless of the contents of the direction registers. When pins are to be
used as the outputs for the D-A converter, do not set the direction registers to output mode. See the
descriptions of the respective functions for how to set up the built-in peripheral devices.

2.17.1 Direction Registers

Figures 2.17.6 to 2.17.9 show the direction registers.
These registers are used to choose the direction of the programmable 1/O ports. Each bit in these regis-
ters corresponds one for one to each I/O pin.

(1) Effect of the protection register
Data written to the direction register of P9 is affected by the protection register. The direction register
of P9 cannot be easily written.

2.17.2 Port Registers
Figures 2.17.10 to 2.17.13 show the port registers.
These registers are used to write and read data for input and output to and from an external device. A
port register consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit
in port registers corresponds one for one to each 1/O pin.

(1) Reading a port register
With the direction register set to output, reading a port register takes out the content of the port regis-
ter, not the content of the pin. With the direction register set to input, reading the port register takes out
the content of the pin.

(2) Writing to a port register
With the direction register set to output, the level of the written values from each relevant pin is output
by writing to a port register. Writing to the port register, with the direction register set to input, inputs a
value to the port register, but nothing is output to the relevant pins. The output level remains floating.

Rev. 1.0

- * MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

2.17.3 Pull-up Control Registers
Figures 2.17.15 to 2.17.17 show the pull-up control registers.
The pull-up control register can be set to apply a pull-up resistance to each block of 4 ports. When ports
are set to have a pull-up resistance, the pull-up resistance is connected only when the direction register is
set for input.
However, in memory expansion mode and microprocessor mode, pull-up control register of PO to P5 is
invalid.

2.17.4 Port Control Register

Figure 2.17.14 shows the port control register.
The bit O of port control register is used to read port P1 as follows:

0: When port P1 is input port, port input level is read.

When port P1 is output port, the contents of port P1 register is read.

1: The contents of port P1 register is read through port P1 is input/output port.
This register is valid in the following :

» External bus width is 8 bits in microprocessor mode or memory expansion mode.

* Port P1 can be used as a port in multiplexed bus for the entire space.
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Pull-up selection

PO0-PO?,

P20-P27,

P30-P37, »—Q
P40-P43

Databus— @ | Port latch

[ —
—

Pull-up selection

P10-P14

1>—<
Port P1 control register

Data bus ——¢——| Port latch

y
| g

S
\1

Pull-up selection

o——<
Port P1 control register
Databus g | Port latch

v
I w—

.
<]

Input to respective peripheral functions @I

Pull-up selection
P55,

(oo el —p— >0
P62,

P75, P77,
P87, »—Q
P90-P92,
P100, P101
! ‘DO—LDOT
»—T

x (Note)

Input to respective peripheral functions @I
Note : ------ j¢----- symbolizes a parasitics diode.

Do not apply a voltage higher than Vcc each port.

Figure 2.17.1 Programmable 1/O ports (1)
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P82, P83 Pull-up selection

—| Direction register
) ]

Data bus——¢@—| Port latch
>
1»—(4

Input to respective pefipheral functions 40_@7

Pull-up selection
P44-P47,

P50-P54,P56,

P63, .
P86

Output
Data bus 4»_{ Port latch M

t (Note)

e

% (Note)
\I,/I—ﬁ ;
p ;
Pull-up selection
P57,
P60, P61, ©
P73, P74, P76 »—4_4 ‘ §
i a
Output : ;
Data bus 44._{ Port latch M
lt (Note)
’ ;
»—5‘ esa
Input to respective peripheral functions \é}
P70, P71

Output

Data bus —4@ 4%\07 V {)
1t(N ote)
> H
5 e ;

S

Input to respective peripheral functions \@‘
Note: ------ |¢----- symbolizes a parasitics diode.

Do not apply a voltage higher than Vcc each port.

Figure 2.17.2 Programmable I/O ports (3)
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P102-P107

P93,P94

P67, P72

R,G,B

Internal circuit

Pull-up selection

Direction register

JAN

Data bus —@- Port latch

X f (Note)

[h

Analog input

Pull-up selection

D-A output enabled

Direction register
|*<}

Data bus —¢——[ _ Portlaich

1
~N
P
~N

Input to respective peripheral functions %7

Analogoutput —— 5~

D-A output enabled

SCL2, SDA2 select 4l>07
Pull-up selection —]
— Direction register
e
° FDDJ

~N i
Output ;
Data bus >—| Port latch 4;\9 ’
% (Note)
\I /
~N
Input to respective peripheral functions *@7
[
} 0UTL, OUT2
Internal circuit L] :
S| 4 (Note)
7I7
2‘
x
t (Note)
7T

Note: ------ (L e symbolizes a parasitics diode.
Do not apply a voltage higher than Vcc each port.
/ 7

Figure 2.17.3 Programmable /O ports (2)

216

z MITSUBISHI
ELECTRIC

Rev. 1.0



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

Pull-up selection

Direction register

P87
e
~N

Data bus —4 Port latch FDJ

s

N
=
=3
&

|
!

S
~N
—
~N
\VARE*

Pull-up selection

—_Direction register |- ifd
Outputagi\o x T 5

Data bus —'—Q Port latch
P
~N

P86
!
~N
f (Note)

7;‘7

T

Note : - - symbolizes a parasitic diode.
Don't apply a voltage higher than Vcc to each port.

Figure 2.17.4 Programmable /O ports (4)

"
t (Note 2)

BYTE
BYTE signal input @ ’ O
x (Note 1)

7;‘7

hd
T (Note 2)

CNVss
CNVss signal input @ ; O
% (Note 1)

77‘7

-
RESET x
RESET signal input @I * O
% (Note 1)

77‘7

Notesl: - ) symbolizes a parasitic diode.
Don't apply a voltage higher than Vcc to each pin.
2: A parasitic diode on the Vcc side is added to the mask ROM version.

Don't apply a voltage higher than Vcc to each pin.

Figure 2.17.5 1/O pins
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Port Pi direction register (Note)
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | PDi (i =0to 10, except 6, 8,9) 03E216, 03E316, 03E616, 03E716, 0016
1. 03EA16, 03EB16, 03EF16, 03F616 0016
vor v o v | Bit symbol Bit name Function RIW|
oy PDi_0 Port Pio direction register o0
A - — - 0 : Input mode
A PDi_1 Port Pi1 direction register (Functions as an input port) o0
R PDi_2 Port Pi2 direction register | 1 : Output mode 0.0
(T T T PDi_3 Port Pis direction register (Functions as an output port) (57
R R RELEEEPEE, PDi_4 Port Pis direction register (i=0to 10 except 6, 8, 9) 00
S PDi 5 Port Pis direction register 0.0
RRRRRROEEEEEEEEEEEEED PDi_6 Port Pis direction register 0.0
AR —— PDi_7 Port Pi7 direction register o0
Figure 2.17.6 Port Pi direction register (i = 0 to 10, except 6, 8, 9)
Port P6 direction register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
|,|1,|1,|1,| |||| PD6 03EE16 0016
poror o | Bit symbol Bit name Function RIW
PD6_0 Port P6o direction register | o : Input mode o) o
e . - (Functions as an input port) 1
PD6_1 Port P61 direction register | 1 . Output mode 00
Voo ] .. B Functions as an output port ‘
P PD6_2 Port P62 direction register ( put por) 0.0
[RREEEEEEEEEE PD6_3 Port P63 direction register O0
v ] Reserved bits Must always be set to “1” O O
PD6_7 Port P67 direction register | O : Input mode 00
R (Functions as an input port) !
1 : Output mode
(Functions as an output port) !
Figure 2.17.7 Port P6 direction register
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Port P8 direction register

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset

| . | . D<| 1 | . | . |0 | 0| PD8 03F216 00X000002
©or o1+ 14 Bit symbol Bit name Function R 'W
p o+ 0 11| Reserved bits Must always be set to “0” 0.0
o ] PD8_2 Port P82 direction register 0: zgﬁﬂtcgqoztjseas an input port) 0.0
R EEEEEER PD8_3 Port P83 direction register L (Olzlljjtr?(lzjtgom(s)ies an output port) 00
B Reserved bit Must always be set to “1” 00
Nothing is assigned. !
L e In an attempt to write to this bit, write “0.” ——
P The value, if read, turns out to be indeterminate. }
L SR —— PD8_6 Port P8s direction register |0 Input mode _ 00
; (Functions as an input port) |
' ] ] ] 1 : Output mode !
--------------------------- PD8_7 Port P87 direction register (Functions as an output port)  |©1©

Figure 2.17.8 Port P8 direction register

Port P9 direction register
b7 b6 b5 b4 b3 b2 bl b0

| 1 | 1 | 1 | | | | | Symbol Address When reset
— 1111 . PD9 03F316 0016
por o+ v | Bit symbol Bit name Function RW,
P b Ll PD9O Port P9o direction register | 0 : Input mode 00
P (Functions as an input port)
e PD9 1 Port P91 direction register | 1 : Output mode 00
oo (Functions as an output port)
i PD9 2 Port P92 direction register 0.0
S RALLE PD9 3 Port P93 direction register 00
T PD9 4 Port P94 direction register 00
R RRREEEIEEEED Reserved bits Must always be set to “1” OiO

Note: Set bit 2 of protect register (address 000A 16) to “1” before rewriting to

the port

P9 direction register.

Figure 2.17.9 Port P9 direction register

Rev. 1.0

z MITSUBISHI
ELECTRIC

219



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

Port Pi register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

| | | | | | | | | Pi(i=0to 10, except 6, 8,9) 03EO16, 03E116, 03E416, 03E51s6, Indeterminate

N I T 03E816, 03E916, 03ED16, 03F416 Indeterminate

i+ o+ | Bit symbol Bit name Function R:W
[ Pi_0 Port Pio register . 00
A - : . Data is input and output to and from :
A Pi_1 Port Pi1 register each pin by reading and writing to 0:0
o e Pi_2 Port Pi2 register and from each corresponding bit 0.0
A - - - 0:“L" level data 1
. Pi_3 Port Pi3 register 14" level data 0.0
T S S P4 Port Pia register _ 00
CE S VR Pi_5 Port Pis register (i=010 10 except 5, 8, 9) 00
S —— Pi_6 Port Pis register 0:0
b e ] Pi_7 Port Pi7 register 00

Note: Since P70 and P71 are N-channel open-drain ports, the data is high-impedance.

Figure 2.17.10 Port Pi register (i = 0 to 10, except 6, 7, 8)

Port P6 register

b7 b6 b5 b4 b3 b2 bl bo

| | 0| 0| 0| | | | | Symbol Address When reset

——— P6 03EC16 Indeterminate

v oo | Bitsymbol Bit name Function RIW

S LAY Port P60 register Data is input and output to and from 0.0

T T P6 1 Port P61 register each pin by reading and writing to 00

= - and from each corresponding bit ;

N P6_2 Port P62 register 0:“L” level data 0.0

T RATEE P6_3 Port P63 register 1:“H" level data 0:0

R, Reserved bits Must always be set to “0” X: 0

P6_7 Port P67 register Data is input and output to and from O (o)

: each pin by reading and writing to

e e and from each corresponding bit :
0:“L" level data
1:“H" level data |

Figure 2.17.11 Port P6 register
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Port P8 register

b7 b6 b5 b4 b8 b2 b1 W0 Symbol Address When reset
| | 0| 0| 0 | 0 | P8 03F016 Indeterminate
b ob ot b | Bit symbol Bit name Function RIW
A Reserved bits Must always be set to “0” X O
R ) Data is input and output to and from
P8_2 Port P82 register each pin by reading and writing to o O
N and from each corresponding bit :
A P8_3 Port P83 register 2 :H,IE\\'ZII (éztg 0.0
bomche s Reserved bits Must always be set to “0” X fo
D] _ Data is input and output to and from
P8_6 Port P8s register each pin by reading and writing to O O
: and from each corresponding bit :
Fotmmmmsmsmmsssssssenoooey P8_7 Port P87 register 2 “Il:|"||ee\\llill (zgt; 00
Figure 2.17.12 Port P8 register
Port P9 register
pr D6 b5 b4 b3 b2 1M Symbol Address When reset
| 0 | 0 | 0 | | | | | | P9 03F116 Indeterminate
¢+ 40| Bitsymbol Bit name Function RIW
“1P9_0 Port P9o register Data is input and output to and from 0.0
T T R . P9_1 Port P91 register each pin by reading and writing to 00
. - and from each corresponding bit ‘
e P9 2 Port P92 register 0 “L" level data 0.0
R SRAELED P9 3 Port P93 register 1:“H" level data 00
R et P9_4 Port P94 register 0:0
T S — Reserved bits Must always be set to “0” X0

Figure 2.17.13 Port P9 register 0
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Port control register

b7 b6 b5 b4 b3 b2 bl bo Symbpl Address When reset
DXDXIDXIDXDXXIK] | per 03FF 15 0016
NN/ NN/ N/N/N
' | Bit symbol Bit name Function RIW
: | PCRO Port P1 control register 0: When port P1 is input port, port !

input level is read. When port P1 is |
output port, the contents of port P1
register is read. 00
1: The contents of port P1 register is |
read through port P1 is input/output |
port. |

Nothing is assigned.
In an attempt to write to this bit, write “0.” The value, if read, turns out to be “0.”

Figure 2.17.14 Port control register

Pull-up control register O
b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | | Symbol Address When reset

I I PURO 03FC1s6 0016
o or v v | Bjt symbol Bit name Function R W
“1Pu00 POo to P03 pull-up The corresponding port is pulled o o
e PUO1 P04 to PO7 pull-up high with a pull-up resistor (ON®
e 0 : Not pulled high ‘
Pl 0 PU02 P1lo to P13 pull- !
SRR Jo o073 pup 1: Pulled high 00
R tEs PUO3 P14 to P17 pull-up o0
SRRt PUO4 P20 to P23 pull-up 0.0
S PUO5 P24 to P27 pull-up 0.0
B SEEEEREEEEELELED PU06 P30 to P33 pull-up 0.0
T EECCETCERICLRPERRRREY PUO7 P34 to P37 pull-up 0.0
Figure 2.17.15 Pull-up control register 0
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Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl bo

| | | Symbol Address When reset
PUR1 03FD16 0016 (Note 3)

P b r b | Bit symbol Bit name Function RIW
Coron o PUI0 P4o to P43 pull-up The corresponding portis pulled | Q1O
i PU11 P44 to P47 pull-up high with a pull-up resistor 0,0
- T B B 0 : Not pulled high ‘

i PU12 P50 to P53 pull-up 1 : Pulled high 0.0
S N S —— PU13 P54 to P57 pull-up 0.0
R S RRRR—— PU14 P60 to P63 pull-up 0.0
R RREEEORE PU15 P67 pull-up(Note 2) 0:0
I AGALLLEEECLELEEEY PU16 P72 and P73 pull-up (Note 1) 0:0
L CRLECECEEEERERRRRE, PU17 P74 to P77 pull-up 0.0

Notes 1: Since P70 and P71 are N-channel open drain ports, pull-up is not available for them.
2: Pull-up is not available for P67 and P72, when they are used as |12C-BUS interface ports.

3: When the Vcc level is being impressed to the CNV ss terminal, the reset value of this
register becomes to “0216” (PU11 becomes to “1").

Figure 2.17.16 Pull-up control register 1

Pull-up control register 2

b7 b6 b5 b4 b3 b2 bl b0

D<|><| | | | | | | Symbol Address When reset
NN L1 PUR2 03FE16 0016
por v 0w [ Bit symbol Bit name Function RIW
A Ly P82 and P83 pull-up The corresponding portis pulled |90
. ; high with a pull-up resistor 00
A PU21 P86 and P87 pull-up 0 : Not pulled high |
I R ELERRE PU22 P90 to P93 pull-up 1: Pulled high ©o0o
I S T R T PU23 P94 pull-up e
T — PU24 P10o0 to P103 pull-up The corresponding port is pulled  |Q o)
high with a pull-up resistor !
e SEEEELEEEEEEEEEE ) 0 : Not pulled high 00
PU25 P104 to P107 pull-up 1: Pulled high |
Nothing is assigned.
"""""""""""""" In an attempt to write to these bits, write “0.” -
The value, if read, turns out to be “0.”

Figure 2.17.17 Pull-up control register 2
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Table 2.17.1 Example connection of unused pins in single-chip mode

Pin name Connection

Ports PO to P10 After setting for input mode, connect every pin to V ss or Vcc via a
resistor; or after setting for output mode, leave these pins open.

XouT (Note) Open

AvVcc Connect to Vcc

AVss, BYTE Connect to Vss

CNVss Connect via resistor to V ss (Pull-down)

Note: With external clock input to X IN pin.

Table 2.17.2 Example connection of unused pins in memory expansion mode and microprocessor

mode
Pin name Connection

Ports P6 to P10 After setting for input mode, connect every pin to V Ss or Vcc via a
resistor; or after setting for output mode, leave these pins open.

P45/CS1 to P47/CS3 Sets ports to input mode, sets bits CS1 through CS3 to “0,” and
connects to Vcc via resistors (pull-up).

BHE, ALE, HLDA, Open

XouT(Note), BCLK

HOLD, RDY Connect via resistor to V cc (pull-up)

AvVcc Connect to Vcc

AVss Connect to Vss

CNVss Connect via resistor to V ss (pull-down) in the memory expansion mode.

Connect via resistor to V cc (pull-up) in the microprocessor mode.

Note: With external clock input to X IN pin.

Microcomputer Microcomputer
Port PO to P10 Port P6 to P10
(input mode) ——A\ \/\,—— (input mode)———A AN\, —
(Input mode) 4\/\/\/—4 (Input mode) —— N\ N\/\—9
(Output mode) Open (Output mode), Open
i/\/\/\/‘ Port P4s/CS1 _BHEL——
XouTt Open to P47/CS3 HLDAL —
vce ALEL A Open
? Xoutl vee
Avcc BCLK|— oy
BYTE HOLD AN/ \—¢ |—<.0 -
AVss , RDY—VV V1
CNVss (microprocessor mode) —/\/\/\f—ﬂ
CNVss —— AN\, —¢ Avcc
Vss AVss
1 CNVss (memory expansion mode) 4\/\/\/_—4
B L vss
In single-chip mode In memory expansion mode or —
in microprocessor mode

Figure 2.17.18 Example connection of unused pins
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3. USAGE PRECAUTION
3.1 Timer A (timer mode)
(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF ". Reading

the timer Ai register after setting a value in the timer Ai register with a count halted but before the
counter starts counting gets a proper value.

3.2 Timer A (event counter mode)

(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF16” by under-
flow or “000016” by overflow. Reading the timer Ai register after setting a value in the timer Ai
register with a count halted but before the counter starts counting gets a proper value.

(2) When stop counting in free run type, set timer again.

3.3 Timer A (one-shot timer mode)

(1) Setting the count start flag to “0” while a count is in progress causes as follows:
» The counter stops counting and a content of reload register is reloaded.
» The TAioUT pin outputs “L” level.
* The interrupt request generated and the timer Ai interrupt request bit goes to “1".

(2) The timer Ai interrupt request bit goes to “1” if the timer's operation mode is set using any of the
following procedures:
* Selecting one-shot timer mode after reset.
» Changing operation mode from timer mode to one-shot timer mode.
» Changing operation mode from event counter mode to one-shot timer mode.
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “0”
after the above listed changes have been made.

3.4 Timer A (pulse width modulation mode)

(1) The timer Ai interrupt request bit becomes “1” if setting operation mode of the timer in compliance

with any of the following procedures:

* Selecting PWM mode after reset.

» Changing operation mode from timer mode to PWM mode.

» Changing operation mode from event counter mode to PWM mode.

Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “0”
after the above listed changes have been made.

(2) Setting the count start flag to “0” while PWM pulses are being output causes the counter to stop
counting. If the TAiouT pin is outputting an “H” level in this instance, the output level goes to “L”,
and the timer Ai interrupt request bit goes to “1”. If the TAIOUT pin is outputting an “L” level in this
instance, the level does not change, and the timer Ai interrupt request bit does not becomes “1”.
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3.5 Timer B (timer mode, event counter mode)

(1) Reading the timer Bi register while a count is in progress allows reading , with arbitrary timing, the
value of the counter. Reading the timer Bi register with the reload timing gets “FFFF16”. Reading the
timer Bi register after setting a value in the timer Bi register with a count halted but before the counter
starts counting gets a proper value.

3.6 Timer B (pulse period, pulse width measurement mode)

(1) If changing the measurement mode select bit is set after a count is started, the timer Bi interrupt
request bit goes to “1".

(2) When the first effective edge is input after a count is started, an indeterminate value is transferred to
the reload register. At this time, timer Bi interrupt request is not generated.

3.7 A-D Converter

(1) Write to each bit (except bit 6) of A-D control register 0, to each bit of A-D control register 1, and to bit
0 of A-D control register 2 when A-D conversion is stopped (before a trigger occurs).
In particular, when the Vref connection bit is changed from “0” to “1”, start A-D conversion after an
elapse of 1 ps or longer.

(2) When changing A-D operation mode, select analog input pin again.

(3) When using A-D converter in the one-shot mode and in the single sweep mode
After confirming the completion of A-D conversion, read the A-D register (the completion of A-D con-
version is determined by A-D interrupt request bit).

(4) When using A-D converter in the repeat mode and in the repeat sweep mode
Use the main clock without dividing as the internal clock of CPU.

(5) The A-D conversion in the sweep mode needs the time as follows; (humber of sweep pins + 2 pins) [
repeat times [0 A-D conversion time for 1 pin.

(6) When operating OSD or operating data slicer using the HsyNC and VsyNC input, do not use the A-D
sweap mode (single sweap mode, repeat sweap mode 0, and repeat sweap mode 1).

3.8 Stop Mode and Wait Mode

(1) When returning from stop mode by hardware reset, RESET pin must be set to “L” level until main clock
oscillation is stabilized.

(2) When switching to either wait mode or stop mode, instructions occupying four bytes either from the
WAIT instruction or from the instruction that sets the every-clock stop bit to “1* within the instruction
gueue are perfected and then the program stops. So put at least four NOPs in succession either to the
WAIT instruction or to the instruction that sets the every-clock stop bit to “1.”
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3.9 Interrupts
(1) Reading address 0000016
* When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number
and interrupt request level) in the interrupt sequence.
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “0”.
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to
“0".
Though the interrupt is generated, the interrupt routine may not be executed.
Do not read address 0000016 by software.
(2) Setting the stack pointer
» The value of the stack pointer immediately after reset is initialized to 000016. Accepting an
interrupt before setting a value in the stack pointer may become a factor of runaway. Be sure to
set a value in the stack pointer before accepting an interrupt.
(3) External interrupt
» When the polarity of the INTo and INT1 pins is changed, the interrupt request bit is sometimes set
to “1.” After changing the polarity, set the interrupt request bit to “0.”
(4) Rewrite the interrupt control register
» To rewrite the interrupt control register, do so at a point that does not generate the interrupt
request for that register. If there is possibility of the interrupt request occur, rewrite the interrupt
control register after the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCH1:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCHS3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the
interrupt control register is rewritten due to effects of the instruction queue.

» When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener-
ated. This will depend on the instruction. If this creates problems, use the below instructions to change
the register.

Instructions : AND, OR, BCLR, BSET
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3.10 Built-in PROM version
3.10.1 All built-in PROM versions

High voltage is required to program to the built-in PROM. Be careful not to apply excessive voltage. Be
especially careful during power-on.

3.10.2 One Time PROM version

One Time PROM versions shipped in blank, of which built-in PROMs are programmed by users, are also
provided. For these microcomputers, a programming test and screening are not performed in the as-
sembly process and the following processes. To improve their reliability after programming, we recom-
mend to program and test as flow shown in Figure 3.10.1 before use.

Programming with PROM programmer

2

Screening (Note)
(Leave at 150°C for 40 hours)

2

Verify test PROM programmer

__________________________________________

Note: Never expose to 150°C exceeding 100 hours.

Figure 3.10.1 Programming and test flow for One Time PROM version

228
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4. ITEMS TO BE SUBMITTED WHEN ORDERING MASKED ROM VERSION
Please submit the following when ordering masked ROM products.
(1) Mask ROM confirmation form
(2) Mark specification sheet
(3) ROM data : EPROMSs (3 sets)
*: In the case of EPROMSs, there sets of EPROMS are required per pattern.
* In the case of floppy disks, 3.5-inch double-sided high-density disk (IBM format) is required per pattern.
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5. ELECTRICAL CHARACTERISTICS
5.1. Absolute Maximum Ratings

Table 5.1.1 Absolute maximum ratings

230

Symbol Parameter Condition Rated value Unit
Vce Supply voltage -0.3t06.5 \Y
AVcc Analog supply voltage -0.3t0 6.5 \%
Vi Input voltage POo to P07, P1o to P17, P20 to P27,

P30 to P37, P40 to P47, P50 to P57,

P6o to P63, P67, P70 to P77,

P82, P83, P8s, P87, -0.3 to Vce+0.3 \

P9o to P94, P100 to P107, XN,

OSC1, RESET
Vi Input voltage ~ CNVss, BYTE -0.3 t0 6.5 (Note) \
Vo Output voltage  POo to P07, P1o to P17, P20 to P27,

P30 to P37, P4o to P47, P50 to P57,

P6o to P63, P67, P72 to P77,

P82, P83, P8s, P87, -0.3 10 Vee+0.3 v

P9o to P94, P100 to P107,

R, G, B, OUT1, OUT2, OSC2,

Xout
Vo Output voltage P70 ,P71 -0.3t106.5 \%
Pd Power dissipation Ta=25 °C 500 mw
Topr Operating ambient temperature -10to 70 °C
Tstg Storage temperature —40 to 125 °C

Note: When writing to EPROM, only CNVSS is —0.3 to 13(V).
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5.2 Recommended Operating Conditions

Table 5.2.1 Recommended operating conditions (referenced to V cc=45Vto55VatTa=-10 °C
to 70 °C unless otherwise specified)

Standard .
- Unit

Symbol Parameter Min Typ. Max.
Vee Supply voltage (Note 3) 45 5.0 55 \Y
AVce Analog supply voltage (Note 3) Vee \Y
Vss Supply voltage 0 Y]
AVss Analog supply voltage 0 Y
ViH HIGH input voltage P31 to P37, P4o to P47, P50 to P57,

P6o to P63, P67, P70to P77, P82, P83, P8, P87, 0.8Vee vee \V;

P9o to P94, P10o to P107, HLF, VHoLD, CVIN,

TVSETB, XN, OSC1, RESET, CNVss, BYTE
VIH HIGH input voltage POo to P07, P1o to P17, P20 to P27, P30

P 9 (during single-chip mode) 0.8vee vee v

VIH HIGH input voltage POo to P07, P1o to P17, P20 to P27, P30

(data input function during memory expansion 0.5Vee Ve vV

and microprocessor modes)
ViL LOW input voltage P31 to P37, P4o to P47, P50 to P57,

P6o to P63, P67, P70 to P77, P82, P83, P8, P87, 0 0.2Vce \%

P90 to P94, P10o to P107, XiN, OSC1, RESET,

CNVss, BYTE
Vi LOW input voltage POo to P07, P1o to P17, P20 to P27, P30 0 0.2Vce v

(during single-chip mode) '
Vil LOW input voltage PQo to P07, P1lo to P17, P20 to P27, P30

(data input function during memory expansion 0 0.16Vce V

and microprocessor modes)

loH (peak) | HIGH peak output P0Oo to P07, P1o to P17, P20 to P27, P30 to P37,

current P40 to P47, P50 to P57, P6o to P63, P72 to P77, -10.0 mA
P82, P83, P86, P87, P90 to P94, P100 to P107, R,
G, B, OUT1, OUT2

loH (avg) HIGH average output POo to P07, Ploto P17, P20 to P27, P30 to P37,

current P40 to P47, P50 to P57, P6o to P63, P67, P72 to P77, -5.0 mA
P82, P83, P8s, P87, P90 to P94, P100 to P107, R, G, B,
OUT1, OUT2
IoL (peak) LOW peak output POo to P07, P1o to P17, P20 to P27, P30 to P37,
current P40 to P47, P50 to P57, P6o to P63, P67, 10.0 mA

P72to P77, P82, P83, P86, P87, P90 to P94,
P10o to P107, R, G, B, OUT1, OUT2

loL (avg) LOW average output POo to P07, P1oto P17, P20 to P27, P30 to P37,

current P40 to P47, P50 to P57, P6o to P63, P67, 5.0 mA
P70 to P77, P82, P83, P86, P87, P90 to P94,
P10o to P107, R, G, B, OUT1, OUT2

f (XIN) Main clock input oscillation frequency 10 MHz

f (XcIN) Sub-clock oscillation frequency 32.768 50 kHz

fosc Oscillation frequency (for OSD) 0ScC1 | LC oscillating mode 11.0 27.0 M
Ceramic oscillating mode 24.0 25.0

fevin Input frequency Horizontal sync. signal of video signal | 15.262 15.743 | 16.206 kHz

Vi Input amplitude video signal CVIN 15 2.0 25 \Y

Notes 1: The mean output current is the mean value within 100 ms.

2: The total loL (peak) for ports PO, P1, P2, P86, P87, P9, and P10 must be 80 mA max. The total IoH (peak) for ports
PO, P1, P2, P86, P87, P9, and P10 must be 80 mA max. The total loL (peak) for ports P3, P4, P5, P6, P7, P82
and P83 must be 80 mA max. The total IoH (peak) for ports P3, P4, P5, P6, P72 to P77, P82 and P83 must be
80 mA max.

3: Connect 0.1 uF or more capacitor externally between the power source pins Vcc-Vss and AVcc—AVss so as to
reduce power source noise. Also connect 0.1 pF or more capacitor externally between the power source pins
Vcc—CNVss.
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5.3 Electrical Characteristics

Table 5.3.1 Electrical characteristics (referenced to V
unless otherwise specified)

cc=5V,Vss=0V at Ta =25 °C, f(XIN) =10 MHz

. . Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
HIGH output  POo to P07, P1oto P17, P20 to P27,
voltage P30 to P37, P4o to P47, P50 to P57, _
Vou P60 to P63, P67, P72t0 P77, lor =-5mA 3.0 v
P82, P83, P86, P87, P90 to P94,
P10o to P107, R, G, B, OUT1, OUT?2
HIGH output  POo to PO7,P1o to P17, P20 to P27, _
VoH voltage P30 to P37, P4o to P47, P50 to P57 | 10H =200 pA a7 v
HIGHPOWER | IOH=-1mA 3.0
VoH Hl?H output XouT \Y
voltage LOW POWER loH =-0.5 mA 3.0
LOW output  POo to PO7,P1oto P17,P20 to P27,
voltage P30 to P37,P40 to P47,P50 to P57,
P60 to P63, P67, P70 to P77, _
VoL P82, P83, P86, P87, P90 to P94, loL=5 mA 20 v
P10o to P107, R, G, B, OUT1, OUT2
LOW output  POo to P07, P1oto P17, P20 to P27,
VoL voltage P30 to P37, P4o to P47, P5o to P53 | 10L=200 pA 045 Vv
loL=1 mA 2.0
VoL LC?W output XouT HIGHPOWER oL=1m. v
voltage LOWPOWER | [0L=0.5 mA 2.0
: HOLD, RDY, TBOIN to TB2IN,
Hysteresis (N5, iNTs, &Tso, CTS:,
VT+VT- CLKo, CLK2, SCL1, SCL2, SDA1, 0.2 08| V
SDA2, Hsync, Vsyne, HCO, HC1,
RxDo
VT+VT- |Hysteresis ~RESET 0.2 18| V
VT+VT- Hysteresis  XiN 0.2 0.8 \%
HIGH input PO0o to P07, Plo to P17, P20 to P27,
current P30 to P37, P4o to P47, P50 to P57,
P6o to P63, P67, P70to P77, _
I P82, P83, P85, P87, VI=5V 50| pA
P90 to P94,P100 to P107,
XN, RESET, CNVss, BYTE, OSC1
LOW input POo to P07, Plo to P17, P20 to P27,
current P3o to P37, P40 to P47, P50 to P57,
m P60 to P63, P67, P70 to P77, Vi=0V [5.0] HA
P82, P83, P8s, P87,
P90 to P94,P100 to P107,
XN, RESET, CNVss, BYTE, OSC1
f(XiN) = 10 MHz | OSD ON, Data slicer ON 50 80 A
i in | Square wave, m,
In single-chip | >aua™® 4 OSD OFF, Data slicer OFF 30 50
mode, the
output pins f(XIN) = 10 MHz | OSD OFF, Data slicer OFF
lec Power supply current are open and | Sduare wave, 10 mA
other pins are y
Vss f(XCIN) = 32kHz
When a WAIT 10 HA
instruction is
executed
Ta=25 °C when 10
clock is stopped
Ta=70°C hA
when clock is 200
stopped
I12C-BUS « BUS switch connection resistor
RBs Vec =45V 130
(between SCL1 and SCL2, SDA1 and SDA2) Q
RIXIN Feedback resistor XIN 10 MQ
RixCIN Feedback resistor XcIN 6.0 MQ
Rev. 1.0
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5.4 A-D Conversion Characteristics

Table 5.4.1 A-D conversion characteristics (referenced to V

= 25 °C, f(XIN) = 10 MHz unless otherwise specified)

cc=AvVcc =5V,Vss=AVss=0Vat Ta

Standard
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
— Resolution VREF = Vcc 8 | Bits
. Absolute |Sample & hold function not available VREF=Vcc =5V +5 | LSB
accuracy | sample & hold function available (8 bity  |VRer = Vec =5V 15 | LSB
RLADDER Ladder resistance VRerF = Vce 10 40 | kQ
tconv Conversion time 2.8 ps
tsamp Sampling time 0.3 us
VREF Reference voltage Vce \Y
Via Analog input voltage 0 Vec | V

5.5 D-A Conversion Characteristics

Table 5.5.1 D-A conversion characteristics (referenced to V

f(XIN) = 10 MHz unless otherwise specified)

cc=5V,Vss=AVss =0V at Ta= 25 °C,

. . Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
— Resolution 8 | Bits

— Absolute accuracy 10 %

tsu Setup time 3 ps
Ro Output resistance 4 10 20 kQ
IVREF Reference power supply input current (Note) 15 | mA

Note: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to “0016.”
The A-D converter’s ladder resistance is not included.
Also, when the Vref is unconnected at the A-D control register, |VREF is sent.

5.6 Analog R, G, B Output Characteristics
Table 5.6.1 Analog R, G, B output characteristics (V

—10°C to 70 °C, unless otherwise specified)

cC = 5V+10%, Vss = 0V, f(XIN) = 10 MHz, Ta =

. Standard .
Symbol Parameter Test conditions . Unit
Min. Max.

Ro Output impedance Vcc =45V 2 kQ
VoE Output deviation Vcc =55V +0.5 Y,
Tst Settling time Vec =45V, 50 ns

load capacity of 10 pF,

load resistance of 20 kQ,

70 % DC level

Rev. 1.0
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5.7 Timing Requirements

Table 5.7.1 External clock input (referenced to V

cc=5V,Vss=0V at Ta=25 °C unless otherwise

specified)

Standard .
Symbol Parameter Nin. M Unit
te External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(L) External clock input LOW pulse width 40 ns
tr External clock rise time 15 ns
tf External clock fall time 15 ns

Table 5.7.2 Memory expansion and microprocessor modes (referenced to V

Ta = 25 °C unless otherwise specified)

cc=5V,Vss=0Vat

Standard .
Symbol Parameter Min. | Max. Unit
tac1(RD-DB) Data input access time (no wait) (Note) ns
tac2(RD-DB) Data input access time (with wait) (Note) ns
tac3(RD-DB) Data input access time (when accessing multiplex bus area) (Note) ns
tsu(DB-RD) Data input setup time 40 ns
tsu(RDY-BCLK) | RDY input setup time 30 ns
tsu(HOLD-BCLK)| HOLD input setup time 40 ns
th(RD-DB) Data input hold time 0 ns
th(8CLK-RDY) | RDY input hold time 0 ns
th(8CLK-HOLD) | HOLD input hold time 0 ns
td(BCLK-HLDA) | HLDA output delay time 40 ns
Note: Calculated according to the BCLK frequency as follows:
tac1(RD - DB) = __w° 45
f(BCLK) O 2 [ns]
tac2(RD - DB) = ﬂ —-45
f(BCLK) O 2 [ns]
tac3(RD - DB) = Llog —-45  [ng]
f(BCLK) O 2
Rev. 1.0
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Table 5.7.3 Timer B input (counter input in event counter mode)

(referencedto V cc =5V, Vss =0V at Ta = 25 °C unless otherwise specified)

Standard )

Symbol Parameter Min. Mo Unit
te(TB) TBIIN input cycle time (counted on one edge) 100 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 40 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 40 ns
te(TB) TBiIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 80 ns

Table 5.7.4 Timer B input (pulse period measurement mode)

(referenced to V cc =5V, Vss =0V at Ta = 25 °C unless otherwise specified)

Standard .

Symbol Parameter - Unit
Min. Max.

te(TB) TBiIN input cycle time 400 ns

tw(TBH) TBiIN input HIGH pulse width 200 ns

tw(TBL) TBiIN input LOW pulse width 200 ns

Table 5.7.5 Timer B input (pulse width measurement mode)

(referencedto V cc =5V, Vss =0V at Ta = 25 °C unless otherwise specified)

Standard .
Symbol Parameter - Unit
Min. Max.
te(TB) TBiIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns

Table 5.7.6 Serial I/O (referencedtoV cc =5V, Vss =0V at Ta = 25 °C unless otherwise specified)

Symbol Parameter . Standard Unit
Min. Max.

te(CK) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
tdc-Q TxDi output delay time 80 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 30 ns
th(C-D) RxDi input hold time 90 ns

Table 5.7.7 External interrupt INTi inputs (referencedtoV cc=5V,Vss=0V at Ta= 25 °C unless
otherwise specified)

Standard .

Symbol Parameter - Unit
Min. Max.

tw(INH) INTi input HIGH pulse width 250 ns

tw(INL) INTi input LOW pulse width 250 ns
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5.8 Switching Characteristics

Table 5.8.1 Memory expansion mode and microprocessor mode (no wait) (referenced to V cc=5V,
Vss =0V at Ta =25 °C, CM15 = “1" unless otherwise specified)

Symbol Parameter Measuring condition MiSntf':mda'\;IdaX. Unit
td(BCLK-AD) Address output delay time 25 ns
th(BCLK-AD) Address output hold time (BCLK standard) 4 ns
th(RD-AD) Address output hold time (RD standard) 0 ns
th(wRr-AD) Address output hold time (WR standard) 0 ns
td(BCLK-CS) Chip select output delay time 25 ns
th(BCLK-CS) Chip select output hold time (BCLK standard) 4 ns
taecik-aLe) | ALE signal output delay time 25 ns
thieck-ALE) | ALE signal output hold time Figure 5.9.1 -4 ns
td(BCLK-RD) RD signal output delay time 25 ns
th(BCLK-RD) RD signal output hold time 0 ns
taecik-wr) | WR signal output delay time 25 ns
theck-wr) | WR signal output hold time 0 ns
td(BCLK-DB) Data output delay time (BCLK standard) 40 ns
th(BCLK-DB) Data output hold time (BCLK standard) 4 ns
td(DB-WR) Data output delay time (WR standard) (Note 1) ns
th(wr-DB) Data output hold time (WR standard)(Note 2) 0 ns

Note 1: Calculated according to the BCLK frequency as follows:

td(DB — WR) =

10°

f(BCLK) [ns]

2: This is standard value shows the timing when the output is off,

and does not show hold time of data bus.
Hold time of data bus is different by capacitor volume and pull-
up (pull-down) resistance value.
Hold time of data bus is expressed in

t=—CR O In (1-VoL/Vcc)
by a circuit of the right figure.
For example, when VoL = 0.2Vcc, C = 30 pF, R =1 kQ, hold
time of output “L” level is

t=—30 pF 0 1kQ O In (1 —0.2Vcc / Vce)

=6.7ns.

L

C
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Table 5.8.2 Memory expansion mode and microprocessor mode

(with wait, accessing external memory)

(referencedtoV cc =5V, Vss =0V at Ta = 25 °C, CM15 = “1" unless otherwise specified)

Symbol Parameter Measuring condition M}S;;ténda'\;li)(. Unit
td(BCLK-AD) Address output delay time 25 ns
th(BCLK-AD) Address output hold time (BCLK standard) 4 ns
th(RD-AD) Address output hold time (RD standard) 0 ns
th(WR-AD) Address output hold time (WR standard) 0 ns
td(BCLK-CS) Chip select output delay time 25 ns
th(BCLK-CS) Chip select output hold time (BCLK standard) 4 ns
tdecik-aLe) | ALE signal output delay time ) 25 ns

. - Figure 5.9.1
thecik-aLE) | ALE signal output hold time -4 ns
td(BCLK-RD) RD signal output delay time 25 ns
th(BCLK-RD) RD signal output hold time 0 ns
tdecik-wr) | WR signal output delay time 25 ns
theck-wr) | WR signal output hold time 0 ns
td(BCLK-DB) Data output delay time (BCLK standard) 40 ns
th(BCLK-DB) Data output hold time (BCLK standard) 4 ns
td(DB-WR) Data output delay time (WR standard) (Note 1) ns
th(WR-DB) Data output hold time (WR standard)(Note 2) 0 ns

Note 1. Calculated according to the BCLK frequency as follows:

td(DB — WR) =

S,
f(BCLK) [ns]

2: This is standard value shows the timing when the output is off,
and does not show hold time of data bus.
Hold time of data bus is different by capacitor volume and pull-up
(pull-down) resistance value.

Hold time of data bus is expressed in

t=—-CR OIn (1 - VoL/ Vcc)

by a circuit of the right figure.
For example, when VoL = 0.2Vcc, C = 30 pF, R =1 kQ, hold time
of output “L” level is

t=-30pF O 1kQ O In (1 — 0.2Vcc / Vo)
=6.7 ns.

DBi

e
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Table 5.8.3 Memory expansion mode and microprocessor mode

(with wait, accessing external memory, multiplex bus area selected)

(referencedtoV cc =5V, Vss =0V at Ta =25 °C, CM15 = “1" unless otherwise specified)

. . Standard ]
Symbol Parameter Measuring condition Min. | Max, | Ynit

tdecLk-ap) | Address output delay time 25 ns
th@cLk-ap) | Address output hold time (BCLK standard) 4 ns
th(RD-AD) Address output hold time (RD standard) (Note) ns
th(WR-AD) Address output hold time (WR standard) (Note) ns
tdecrk-cs) | Chip select output delay time 25 ns
thgcik-cs) | Chip select output hold time (BCLK standard) 4 ns
th(RD-CS) Chip select output hold time (RD standard) (Note) ns
th(wR-Cs) Chip select output hold time (WR standard) (Note) ns
taecLk-rp) | RD signal output delay time 25 ns
thecik-rp) | RD signal output hold time 0 ns
taeck-wr) | WR signal output delay time 25 ns
thck-wr) | WR signal output hold time 0 ns
taeck-oB) | Data output delay time (BCLK standard) Figure 5.9.1 40 ns
thieck-0B) | Data output hold time (BCLK standard) 4 ns
td(DB-WR) Data output delay time (WR standard) (Note) ns
th(wR-DB) Data output hold time (WR standard) (Note) ns
taecLk-ALE) | ALE signal output delay time (BCLK standard) 25 ns
thisck-aLe) | ALE signal output hold time (BCLK standard) -4 ns
td(AD-ALE) ALE signal output delay time (Address standard) (Note) ns
th(ALE-AD) ALE signal output hold time (Adderss standard) 30 ns
td(AD-RD) Post-address RD signal output delay time 0 ns
td(AD-WR) Post-address WR signal output delay time 0 ns
tdz(RD-AD) Address output floating start time 8 ns

Note: Calculated according to the BCLK frequency as follows:

10°
thRD-AD)= ——
f(BCLK) O 2 [ns]
9
thWR—-AD)= 0%
f(BCLK) O 2 [ns]
9
thRD-CS)= 07
f(BCLK) O 2 [ns]
9
th(WR — CS) = .10
f(BCLK) O 2 [ns]
td(DB-WR)= —10°03
f(BCLK) O 2 [ns]
9
thWR-DB)= 0%
f(BCLK) O 2 [ns]
9
td(AD — ALE) = Y
f(BCLK) ~2 [ns]

238

z MITSUBISHI
ELECTRIC

Rev. 1.0



MITSUBISHI MICROCOMPUTERS

M306VOME-XXXFP
M306VOEEFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER
and ON-SCREEN DISPLAY CONTROLLER

5.9 Measurement Circuit

PO
P1

P2 30pF
P3 I

P4
P5
P6
P7
P8
P9
P10

Figure 5.9.1 Port PO to P10 measurement circuit
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5.10 Timing Diagram

te(TB) J
tw(TBH)
TBin input
tw(TBL)
te(ck) N
tw(CKH)
CLKi
tw(ckL)
th(c-Q)

TxDi ><

td(c-Q) tsu(p-c) thic_0)
RxDi ‘ ‘L
tw(INL)
INTiinput
tw(NH)
\

Figure 5.10.1 Timing diagram
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Memory Expansion Mode and Microprocessor Mode
(Valid only with wait)

RD _\—/—\ I," """""""""

RDY input

tsu(RDY-BCLK) € th(BCLK-RDY)

(Valid with or without wait)

BCLK

HOLD input ‘

HLDA output } ! '\ 3 ! | | |
} —> < —> < } } }
! i td(BCLK-HLDA) | {d(BCLK-HLDA) | | | |

PO, P1, P2, 1 1 | "Hi-z 1 | 1 1 l

papa, M0

P50 to P52 1

Note: The above pins are set to high-impedance regardless of the input level of the
BYTE pin and bit (PM06) of processor mode register 0 selects the function of
ports P40 to P43.

Measuring conditions

*Vcc=5V

* Input timing voltage : Determined with VIL=1.0V, VIH=4.0V

« Output timing voltage : Determined with VoL=2.5V, VoH=2.5V

Figure 5.10.2 Timing diagram in memory expansion mode and microprocessor mode (1)
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Memory Expansion Mode and Microprocessor Mode
(With no wait)

Read timing

BCLK

td(?cuuzs) ' ! thecLK-CS) : : :
4P 25ns.max ! E{—b: 4ns.min 5 1 5 5 :
Csi N\ 5 L : AN : v/ :
. : el ! : ] : .
D ‘CVCI » | ith(RD-CS) H H H
' H ' Ons.min H H
tdBCLK-AD) ' ith(BCLK-AD) : i : : :
. €« 25ns.max | ! i ' 1 ! ' :
ADI ; . : <P 4nsmin 1 ; ! H .
BAE - X ; X : X : L X
td(BCLK-ALE) th(BCLK-ALE) Ly q- th(RD-AD) \ : :
€} 25ns.max _;; Q_Ans.min V1" onsmin 5 '
ALE ' L ' ;
td(ECLK-RD) ! {hBCLK-RD) |
:4—)', 25ns.max - @ Ons.min H E :
RD D) E : 5
: tac1(RD-DB) bt I : : ; E :

it s SED O G D S S G D S

tsuB-RD) | ¢ 'l 'l »: th(RD-DB) '
40ns.min C L onsmin

Write timing

1 tdeeLk-cs) ! thBCLK-CS) ' :
4P} 25ns.max 5 ‘«»  dnsmin 5 1 1 1
CSi P\ . . P\ E b/ 5
E tcyci —bs k‘th(WR_CS): E B H E
.: T » v Ons.min ' H !
! td(BCLK-AD) v ! ;
H : ' ' 1th(BCLK-AD) ' ! ' ' H
ADI pzsmsmax SR : : P ;
BHE ’ X 1 L X : - X : - X '
: e | > 1 : ’ Do
 Ecuoas) | trpoteae) B yyp ) | - : Do
€PI2BNSMAX g —4ns.min Onsmin ! |
ALE ; N . :
'td'(BC'-K*WR) ! th(EecLK-WR)
[ — E H":ZSns.max ": E“ Ons.min H
WRWRL, — — b ,
RH : . 4 :
: | tdecLk-pB) ! th(BCLK-DB) ! ' i : .
H H—.E 40ns.max Ed:—b: 4ns.min | ' E H H

I ) S s SO Y N S
: P e 5 : ; : '

' tdloB-wR) 11 ith(WR-DB)

{tcyc/2—40)ns.min ’ Ons.min

Figure 5.10.3 Timing diagram in memory expansion mode and microprocessor mode (2)
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Memory Expansion Mode and Microprocessor Mode
(When accessing external memory area with wait)

Read timing

BCLK

.
! td(BCLK-CS)
H_’: 25ns.max
'
:

csi

5 th(BCLK-CS)

td(BCLK-AD)
!
z<_’: 25ns.max
\

i
< teye o
:

R AU DR, S

:4_’: 4ns.min

b :

i 1
: > i !
, 111 th(RD-CS) ! '

Oons.min |
I

,th(BCLK-AD)

-

'
'
'
'
H
'
'
'
'
"1 4ns.min

ADi ;
BE LA

td(BCLK-ALE) | 1

,‘4"5 25ns.max
ALE

h H
' H
1 H 1
< »! ' H H
' | i ' ' ! ! E E i
R — e G I S e
. ' ' i A T I 1 !
' : ———><4> th(RD-DB) | ' '

tsu(pB-RD) ' ons.min

40ns.min

Write timing

BCLK

tdecLk-cs)

'
.‘ >, 25ns.max

i\

T T

: DX

! s
th(RD-AD) | ! !

Ons.min |

1 j
i, Ih(BCLK-ALE) |
i

—>: < —4ns.min

td(BCLK-RD)
e 25ns.max E
H

:
,
' 1 th(BCLK-RD) !
:
> % ons.min
:

]

tac2(RD-DB) !

i th(BCLK-CS)
<> 4ns.min

]

| : b e ,
e teyc > ! v th(wr-Cs) '
' H E Ons.min E
i taecLk-AD) | : ! th(BCLK-AD) | ;
. :«’i 25nsmax H > snsmin : :
ADi . X N T X T
BHE — " . . ] T :
i 1d(BCLK-ALE) H i1 thwr-AD) + , Ih(BCLK-ALE)!
1 I —4ns.min

54_’5 25ns.max
ALE .

1 Ons.min
"

H 0

! 1 td(BCLK-WR)
v G

:' '. 25ns.max
H

WR,WRL, i
WRH :

DBi SRR RER R

\

1 1 ' '
! ! th(BCLK-WR) |
_>E " ons.min
:

tld(BCLK—DB)

> sonsmax |
.

th(eCLK-DB)

N '
> ' !

<

td(DB-WR) th(WR-DB)

(tcyc—40)ns.min Ons.min

Measuring conditions
* Vce=5V

« Input timing voltage : Determined with: VIL=0.8V, VIH=2.5V

« Output timing voltage : Determined with: VoL=0.8V, VoH=2.0V

Figure 5.10.4 Timing diagram in memory expansion mode and microprocessor mode (3)
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Memory Expansion Mode and Microprocessor Mode
(When accessing external memory area with wait, and select multiplexed bus)

Read timing

BCLK

csi

ADi
/DBI

ADi
BHE

ALE

Write timing

BCLK

ADi
BHE

ALE

WR,WRL,
WRH

: tdBCLK-CS) : : : ; [ir— " thecLk—Cs) !
arael H H H ' - ' g—p 4ns.mil '
(4 25nsmax - e T =: v (tcyc/2)ns.min 1 4ns.min '
| tdAD-ALE) ¢+ th(ALE-AD) ! : : , P P :
! H (teyc/2-25)ns.min__ 30ns.min__ + vit : : ! : . : ' '
i X Address Lo ) """"" bommmmmmmmmees [ Data input }-------4---{ Address
: T ~—f}  1dz(RD-AD) . b ———h H -
' b H . ' : 4 >*> th(RD-DB); i
H i ' tac3RD-DB) > {SUDB-RD) ' gnsmin ! H
H . H . H ' 40ns.mi ' B
' I td(AD-RD) nemn, '

E E H i ¢ Onsmin 1 . E E
i 1 td(BCLK-AD): : - : ' . E th(BCLK-AD) E
. ! 25ns.max | H H H ! ' E - 4ns.min :
OGNS | iveoucae) | : s TN :
:<—>: 25ns.max . 'e——4ns.min ' ' ' ' 1 (teye/2)ns.min ) '
i td(BCLK-RD) ! ith(BCLK-RD) |
H H 4—p, 25ns.max | H —»  «—Onsmin | !

E ,td(BCLK—CS)E ' oy - R : . th(WR-CS) ' :th(BCLKfCS) :
> osnsmax : : : o Goyonsmin S Ansmin
! tdBCLK-DB) ! ey thECLE-DB)!
H H H—bi 40ns.max H VY H E 4ns.min '
-eedeaef Address PX . Dataoutput L . X_Address
Poe—— Lo ! ; > . :
! : t i ! :' ' 1d(DB-WR) ! v+ thwr-DB) | ' H
' (AD-ALE) | H (tcyc*3/2-40)ns.min |1 (teyc/2)ns.min H
: (tcyc/2-25)ns.min ! ' H H i :
| fdECcLK-AD) | ! : : : : . :
‘4—P 25ns.max | E ' E H 1 : E :
i lBCLK-ALE) 1 thpoikale) | !} taAD-wR) :
:<—>E 25ns.max —»! 4 —4ns.min :—PE 4—Onsmin ' V1 (teye/2)ns.min B
: ' | itdecLK-WR)! ' ! Hh(BCLK-WR) | :
H H 4—p 25ns.max H | Ons.min H H

Measuring conditions

* Vce=5V

* Input timing voltage : Determined with VIL=0.8V, VIH=2.5V

* Output timing voltage : Determined with V 0L=0.8V, VOH=2.0V

Figure 5.10.5 Timing diagram in memory expansion mode and microprocessor mode (4)
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6. MASK CONFIRMATION FORM

GZZ—SH52 —57B <82A0>

MITSUBISHI ELECTRIC SINGLE-CHIP 16-BIT

MICROCOMPUTER M306VOME-XXXFP

Mask ROM number ‘

Date :
MASK ROM CONFIRMATION FORM SecionTead | Supervisor
- signature signature
o
©
O
[
4
Note : Please complete all items marked 3.
Submitted by | Supervisor
Company TEL o o
name ( 2 3
% | customer SR
2 9
pate Date : 2%
issued

% 1. Check sheet

Name the product you order, and choose which to give in, EPROMs or floppy disks.
If you order by means of EPROMSs, three sets of EPROMSs are required per pattern. If you order by
means of floppy disks, one floppy disk is required per pattern.

[ In the case of EPROMs

Mitsubishi will create the mask using the data on the EPROMSs supplied, providing the data is the
same on at least two of those sets. Mitsubishi will, therefore, only accept liability if there is any
discrepancy between the data on the EPROM sets and the ROM data written to the product.

Please carefully check the data on the EPROMs being submitted to Mitsubishi.

Checksum code for total EPROM area :

(hex)

EPROM type :
] 27C401
Address
0000016 [ product : Area
containing ASCII
0000E 16 | code for M306VOME -
0001016
OFFFF1s
1000016 0SD ROM
3000016
"
Sorrel ROM(192K)

(1) The area from 00000 16 to 0000F 16 is for storing Address
data on the product type name. 0000016
The ASCII code for M306VOME-'is shown at right. 000011
The data in this table must be written to address 0000216
0000016 to O000F16. 0000316
Both address and data are shown in hex. 0000416

(2) Write “FF 16" to the lined area. 0000516

0000616
0000716

(1/4)

Address
0000816 | ' —"' =2D1s
0000916 FF16
0000A16 FF16
0000B16 FFi6
0000C 16 FFi6
0000D16 FFi6
0000E 16 FFis
0000F 16 FFie

and ON-SCREEN DISPLAY CONTROLLER
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Mask ROM number

(3) Be sure to store “FF 16” in the following test font addresses in OSD ROM.
When producing OSD ROM data with the OSD font editor program of Mitsubishi,
“FF16” is set automatically to these test font addresses.

(All addresses below are shown in hex.)

1007E
1017E
1027E
1037E
1047E
1057E
1067E
1077E
1087E
1097E
10A7E
10B7E
10C7E
10D7E
10E7E
10F7E
1107E
1117E
1127E
1137E
1147E
1157E
1167E
1177E
1187E
1197E

10082
10182
10282
10382
10482
10582
10682
10782
10882
10982
10A82
10B82
10C82
10D82
10E82
10F82
11082
11182
11282
11382
11482
11582
11682
11782
11882
11982

1007F
1017F
1027F
1037F
1047F
1057F
1067F
1077F
1087F
1097F
10A7F
10B7F
10C7F
10D7F
10E7F
10F7F
1107F
1117F
1127F
1137F
1147F
1157F
1167F
1177F
1187F
1197F

10083
10183
10283
10383
10483
10583
10683
10783
10883
10983
10A83
10B83
10C83
10D83
10E83
10F83
11083
11183
11283
11383
11483
11583
11683
11783
11883
11983

1207E
1217E
1227E
1237E
1247E
1257E
1267E
1277E
1287E
1297E
12A7E
12B7E
12C7E
12D7E
12E7E
12F7E
1307E
1317E
1327E
1337E
1347E
1357E
1367E
1377E
1387E
1397E

12082
12182
12282
12382
12482
12582
12682
12782
12882
12982
12A82
12B82
12C82
12D82
12E82
12F82
13082
13182
13282
13382
13482
13582
13682
13782
13882
13982

1207F
1217F
1227F
1237F
1247F
1257F
1267F
1277F
1287F
1297F
12A7F
12B7F
12C7F
12D7F
12E7F
12F7F
1307F
1317F
1327F
1337F
1347F
1357F
1367F
1377F
1387F
1397F

12083
12183
12283
12383
12483
12583
12683
12783
12883
12983
12A83
12B83
12C83
12D83
12E83
12F83
13083
13183
13283
13383
13483
13583
13683
13783
13883
13983

1407E
1417E
1427E
1437E
1447E
1457E
1467E
1477E
1487E
1497E
14A7TE
14B7E
14C7E
14D7E
14E7E
14F7E
1507E
1517E
1527E
1537E
1547E
1557E
1567E
1577E
1587E
1597E

14082
14182
14282
14382
14482
14582
14682
14782
14882
14982
14A82
14B82
14C82
14D82
14E82
14F82
15082
15182
15282
15382
15482
15582
15682
15782
15882
15982

1407F
1417F
1427F
1437F
1447F
1457F
1467F
1477F
1487F
1497F
14A7F
14B7F
14C7F
14D7F
14E7F
14F7F
1507F
1517F
1527F
1537F
1547F
1557F
1567F
1577F
1587F
1597F

14083
14183
14283
14383
14483
14583
14683
14783
14883
14983
14A83
14B83
14C83
14D83
14E83
14F83
15083
15183
15283
15383
15483
15583
15683
15783
15883
15983

20400
21400
22400
23400
24400
25400
26400
27400
28400
29400
2A400
2B400
2C400
2D400
2E400
2F400
20C00
21C00
22C00
23C00
24C00
25C00
26C00
27C00
28C00
29C00
2AC00
2BCO0
2CCO00
2DCO00
2ECO00
2FCO00
10000
11000
12000
13000
14000
15000
16000
17000
18000
19000
1A000
1B000
1C000
1D000
1E000
1F000

(2/4)

20401
21401
22401
23401
24401
25401
26401
27401
28401
29401
2A401
2B401
2C401
2D401
2E401
2F401
20C01
21C01
22C01
23C01
24C01
25C01
26C01
27C01
28C01
29C01
2AC01
2BCO1
2CCo1
2DCO01
2ECO1
2FCO01
10800
11800
12800
13800
14800
15800
16800
17800
18800
19800
1A800
1B800
1C800
1D800
1E800
1F800

20600
21600
22600
23600
24600
25600
26600
27600
28600
29600
2A600
2B600
2C600
2D600
2E600
2F600
20E00
21E00
22E00
23E00
24E00
25E00
26E00
27E00
28E00
29E00
2AEQ0
2BEOO
2CEOO0
2DEOO
2EEQ0
2FEOO0
10001
11001
12001
13001
14001
15001
16001
17001
18001
19001
1A001
1B001
1Co01
1D001
1E001
1F001

20601
21601
22601
23601
24601
25601
26601
27601
28601
29601
2A601
2B601
2C601
2D601
2E601
2F601
20E01
21E01
22E01
23E01
24E01
25E01
26E01
27E01
28E01
29E01
2AEO01
2BEO1
2CEO1
2DEO1
2EEO1
2FEO1
10801
11801
12801
13801
14801
15801
16801
17801
18801
19801
1A801
1B801
1C801
1D801
1E801
1F801

213F8
223F8
233F8
243F8
253F8
263F8
273F8
283F8
293F8
2A3F8
21BF8
22BF8
23BF8
24BF8
25BF8
26BF8
27BF8
28BF8
29BF8
2ABF8

213F9
223F9
233F9
243F9
253F9
263F9
273F9
283F9
293F9
2A3F9
21BF9
22BF9
23BF9
24BF9
25BF9
26BF9
27BF9
28BF9
29BF9
2ABF9

213FC
223FC
233FC
243FC
253FC
263FC
273FC
283FC
293FC
2A3FC
21BFC
22BFC
23BFC
24BFC
25BFC
26BFC
27BFC
28BFC
29BFC
2ABFC

213FD
223FD
233FD
243FD
253FD
263FD
273FD
283FD
293FD
2A3FD
21BFD
22BFD
23BFD
24BFD
25BFD
26BFD
27BFD
28BFD
29BFD
2ABFD
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MITSUBISHI ELECTRIC SINGLE-CHIP 16-BIT Mask ROM number ‘ |

MICROCOMPUTER M306VOME-XXXFP
MASK ROM CONFIRMATION FORM

The ASCII code for the type No. can be written to EPROM addresses 00000 16 to 0000F 16 by specifying the
pseudo-instructions shown in the following table at the beginning of the assembler source program.

EPROM type 27C401

Code entered in | & .SECTION AASCIICODE, ROM DATA
source program | A.ORG A080000H
A\ .BYTE A ' M306VOME- "

Note: The ROM cannot be processed if the type No. written to the EPROM does not match the type No.
in the check sheet.

[JIn the case of floppy disks

Mitsubishi processes the mask files generated by the mask file generation utilities out of those held on
the floppy disks you give in to us, and forms them into masks. Hence, we assume liability provided that
there is any discrepancy between the contents of these mask files and the ROM data to be burned into
products we produce. Check thoroughly the contents of the mask files you give in.

Prepare 3.5 inches 2HD(IBM format) floppy disks. And store only one mask file in a floppy disk.

File code : (hex)

Mask file name : .MSK (alpha-numeric 8-digit)

Note: When using the floppy disks, do not store the type No. to addresses 0000 16 to 0000F16.

%2. Mark specification

The mark specification differs according to the type of package. After entering the mark specification on
the separate mark specification sheet (for each package), attach that sheet to this masking check sheet
for submission to Mitsubishi.

For the M306VOME-XXXFP, submit the 100P6S mark specification sheet.

(3/4)
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MASK ROM CONFIRMATION FORM

% 3. Usage Conditions

For our reference when of testing our products, please reply to the following questions about the usage of
the products you ordered.

(1) Which kind of X IN-XouT oscillation circuit is used?
[ Ceramic resonator L] Quartz-crystal oscillator
[1External clock input L]Other ( )

What frequency do you use?

f(XIN) = |:| MHz

(2) Which kind of X cIN-XcouT oscillation circuit is used?
(] Ceramic resonator [] Quartz-crystal oscillator
L1 External clock input ] Other ( )

What frequency do you use?

f(XCIN) =|:] kHz

(3) Which operation mode do you use?
Single-chip mode Memory expansion mode
Microprocessor mode

Thank you cooperation.

% 4. Special item (Indicate none if there is no specified item)

(4/4)
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7. MARK SPECIFICATION FORM
100P6S (100-PIN QFP) MARK SPECIFICATION FORM

Mitsubishi IC catalog name

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi catalog name and the special mark (if needed).

A. Standard Mitsubishi Mark

&
A R AR AR AR AR AR A AR AR AARAR AR

HELELEE

‘.’. <Em Mitsubishi IC catalog name

Mitsubishi lot number
(6-digit or 7-digit)

RAARRAAARAARRAAAARAE

iEHEEERERELEE

R e R L R R R Rt
®

B. Customer’s Parts Number + Mitsubishi catalog name

@ =@
= =5 - Customer’s Parts Number
% ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ £ Note : The fonts and size of characters are standard Mitsubishi type.
= |A E= Mitsubishi IC catalog name
= E= Notel : The mark field should be written right aligned.
= = 2 : The fonts and size of characters are standard Mitsubishi type.
% E= 3: Customer’s Parts Number can be up to 14 characters : Only 0 ~

9,A~Z +,—-1/,(), & 0O,, (periods),, (commas) are usable.
4 : If the Mitsubishi logo A is not required, check the box below.
A Mitsubishi logo is not required

C. Special Mark Required
Notel : If the Special Mark is to be Printed, indicate the desired

) layout of the mark in the left figure. The layout will be
ﬁﬂﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁ duplicated as close as possible.

= =9 Mitsubishi lot number (6-digit or 7-digit) and Mask ROM
% % number (3-digit) are always marked.
= = 2 : If the customer’s trade mark logo must be used in the
= = Special Mark, check the box below.
= = Please submit a clean original of the logo.
= = For the new special character fonts a clean font original

(ideally logo drawing) must be submitted.

Rl Rl Rl Rl Rl Rl
®

Special logo required
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8. ONE TIME PROM VERSION M306VOEEFP MARKING

RAAARAARRAAARRAARARRA

S M306VOEEFP
XOXOKXXXX

O O

Gl G RER R EIER R R R R IR

XXXXXXX IS mitsubishi lot number
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9. PACKAGE OUTLINE

Plastic 100pin 14020mm body QFP

100P6S-A
EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP100-P-1420-0.65 — 1.58 Alloy 42
| HD
‘ D
‘
HARAAARARARAAARARARA
e = W £
k= ZI6)

Detail F -

L

L1
2 6 \ o
L
L T

o |0

MbD

[

Recommended Mount Pad

Dimension in Millimeters

Symbol Min Nom Max
A - - 3.05
A1l 0 0.1 0.2
A2 - 2.8 -
b 0.25 0.3 0.4
c 0.13 0.15 0.2
D 13.8 14.0 14.2
E 19.8 20.0 20.2
[e] - 0.65 -
HD 16.5 16.8 17.1
HE 22.5 22.8 23.1
L 0.4 0.6 0.8
L1 — 1.4 —
y - 0.1
[ 0° - 10°
b2 - 0.35 -
12 1.3 — —
MD — 14.6 —
ME 20.6 -
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Structure of Register
Refer to the figure below as for each register.

<Example>

Processor mode register 1 (Note)

Values immediately (

L [ofodefo Ao

Note 1)
after reset release
\ (Note 2)
b7 b6 b5 b4 b3 b2 bl bo Symbol Address Bit attributes
| PM1 000516 00000XX02

i+ 1| Bit symbol Bit name Function RIW|
i+ -4 Reserved bit Must always be set to “0” 00

L Nothing is assigned.
In an attempt to write to these bits, write “0.” The value, if read, turns out to be [—!—

indeterminate.
Reserved bits Must always be set to “0” — ()

- 0 : No wait state |

] PM17 ) ! |
Wait bit 1: Wait state inserted 0.0

Note: Set bit 1 of the protect register (address 000A16) to “1” when writing new values

to this register.

: Bit in which nothing is assigned

Notes 1: Values immediately after reset release

2: Bit attributeseeeeesThe attributes of control register bits are classified into 3 types : read-only,
write-only and read and write. In the figure, these attributes are represented

0 seeseesscsensensee”(” gfter reset release

1 eeeocesesenceseses]” after reset release

? sesesencscesensese|ngeterminate after reset release
[JesessssessesesesesBit in Which nothing is assigned

as follows :

ReeeeceRead
QOpeeeeeeRead enabled
[JeessssRead disabled

—eeesesBit in which nothing is assigned (The value, if read, turns out to be indeterminate.)

Weseses\Write
OpeeseeWrite enabled
[eseses\\rite disabled
—eeseseBit in Which nothing is assigned
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[A] DMAI interrupt control register (DMIIC).......... 54
IA-D conversion interrupt control register (ADIC) DMAI destination pointer (DARI) .......cccceeenn. 73
...................................................................... 54 PDMAI transfer counter (TCRi) ..}..ccoovieeeennn. 73
|Address match interrupt enable register (AIER) DMAI source pointer (SARI) ...}, 73
...................................................................... 64
|Address match interrupt register i (RMADI) .. 64 [H]
A-D register i (ADI) ......coveeeeeeeeeib e, 136 Horizontal position registef ............cccceue..... 170
A-D control register 2 (ADCON2)|............... 136 Hsvne counter register (HCY .vvvevvveeeeeeeeenne. 160
|A-D control register 1 (ADCONI).......cccceeuvennene
............................ 135, 138, 140, 142, 144, 146 n
|A-D control register 0 (ADCONO) J/O polarity control register (PC) ................. 174
............................ 135, 138, 140, 142, 144, 145 Interrupt control reserved register i (REIIC) ......... 63
INTi interrupt control register (INTiIC)........... 54
(B]
Block control register i (BCi) ......c..coveevennen. 165 [L]
Bottom border control register (BBR).......... 206 Left border control register (LBRY ............... 207
Bus collision detection interrupt control registe
(BCNIC) eororeieeeieesressieessesesseessssesssesseeseas 54 [0]
[One-shot start flag (ONSFY ......ccvvevevveeeneen. 83
[C] [OSD control register 1 (OC1).....cc.ccveveeenne... 164
[Caption position register (CPS) .......c..cc...... 156 [OSD control register 2 (OC2).....ccccovvvevene... 167
[Chip select control register (CSRY ................ 30 [OSD control register 3 (OC3).....c.ceevevveeenne.. 192
IClock control register (CS)...c.vevvvveveveeeeenn.. 173 [OSD control register 4 (OR4).........ccovevene... 176
[Clock prescaler reset flag (CPSRF) .............. 92 [OSD reserved register i (ORi)...cc.ccvevvveennne.. 211
[Clock run-in detect register (CRD)............... 157 [OSDi interrupt control register (OSDIIC]......... 54
[Color palette register i (CRi) ....ocovvevevveeene.. 192
Count start flag (TABSRY ......covevvviiiriieeenene 92 [P]
[Peripheral mode register (PM)|...................... 98
[D] Port control register (PCR)........cccovvvvvrene.. 222
D-A control register (DACON).........cceeveeennn. 149 Port PO to P5, P7, P10 registel
D-A reqister i (DAD ......cceeeeeeeiveveeeeeieeiennnn, 149 PO to P5, P7, P10) oo e, 220
Data clock position register (DPS) .............. 158 Port PO to P5, P7, P10 direction registe
Data slicer control register 1 (DSC1)|.......... 152 PDO to PD5, PD7, PD10).....ccccccvvveeenefonnnn 218
Data slicer control register 2 (DSC2)|.......... 152 Port P6 register (P6) .....cveeveeeeeeeeeeeeeeeeeenn 220
Data slicer interrupt control register (DSIC) .. 54 Port P6 direction register (PD6) .................. 218
Data slicer reserved register i (DRi) ............ 159 Port P8 register (P8)|......ccovvvviiiiiiiiiieieeennn 221
DMAOQ request cause select register (DMOSL) Port P9 register (P)|......cccoevvevvieeieereeeene, 221
...................................................................... 71 Port P8 direction register (PD8)|.................. 219
DMAL request cause select register (DM1SL).] Port P9 direction register (PD9)|.................. 219
...................................................................... 72 Processor mode register 0 (PMO] ................. 24
DMAI control register (DMiCON).........c......... 72 Processor mode register 1 (PM1) ................. 25
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[Protect register (PRCRY .....cc.ccovvevveriveeiieeene. AB e 106
[Pull-up control register 0 (PUROYJ................ 222 [UART2 transmit/receive control register 1 (U2C1)
Pull-up control register 1 (PUR1){............... 223 107
Pull-up control register 2 (PUR2)|................ 223 UARTI bit rate generator (UiBRG) ...|.......... 103
UARTI receive buffer register (UiRB)|.......... 103
[R] [UARTI receive interrupt control register (SiRIC)
Raster color register (RSCY.........coevvvrennnee. 208 s 54
[Reserved register i (INVCI) ...cvvveeveeveeeeeeenn. 97 |[UARTI transmit buffer register (UiTB) ......... 103
Right border control register (RBRY) ............ 207 [UARTI transmit interrupt control register (SiTIC)
...................................................................... 54
[S] Up/down flag (UDF) ...ccvveeeeiciccceeeeees 83
ISPRITE horizontal position register (HS).... 203
ISPRITE OSD control register (SCJ ............. 202 V]
ISPRITE vertical position register i (VSI) ..... 203 Vsvic interrupt control register (VSYNCICY........... 54
System clock control register 0 (CMO) {......... 40 [Vertical position register i (VPi)................... 170
System clock control register 1 (CM1){......... 40
W]
[T] Watchdog timer control register (WDC)........ 68
Timer Ai interrupt control register (TAIIC) Watchdog timer start register (WDTS) .|........ 68
..................................................................... 54
Timer Bi interrupt control register (TBIlC)
...................................................................... 54
[Timer Ai register (TAI) .....ccoovvevevieeeiieeeee e, 82
[Timer Bi register (TBi) ... ..vcoveeveeeeeecieeeeeaennn, 92

[Timer Ai mode register (TAIMR)
................................................. 81, 85, 87 to 89
[Timer Bi mode register (TBIMR)

....................................................... 91, 93t0 95
[Top border control register (TBR)................ 206
[Trigger select register (TRGSR) .....ccvvvveenn... 84

[U]
[UART transmit/receive control register 2 (UCON)

.................................................................... 108
[UARTO transmit/receive control register 0 (UOCO)

.................................................................... 105
[UARTO transmit/receive control register 1 (UOC1)

.................................................................... 107

[UARTO transmit/receive mode register (UOMR)
.................................................... 104, 111, 118
[UART?2 special mode register (U2SMR) ... 108, 128
[UART?2 transmit/receive mode register (U2MR)
.................................................... 104, 111, 118
[UART?2 transmit/receive control register 0 (U2C0)
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2% MITSUBISHI ELECTRIC CORPORATION

HEAD OFFICE: 2-2-3, MARUNOUCHI, CHIYODA-KU, TOKYO 100-8310, JAPAN

—— Keep safety first in your circuit designs!
« Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to
personal injury, fire or property damage. Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary circuits, (i) use of non-flammable
material or (jii) prevention against any malfunction or mishap.

— Notes regarding these materials

« These materials are intended as a reference to assist our customers in the ion of the Mi i semiconductor product best suited to the customer’s application; they do not convey any license under any intellectual property
rights, or any other rights, belonging to Mitsubishi Electric Corporation or a third party.

« Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any third-party’s rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or circuit application examples
contained in these materials.

« All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of publication of these materials, and are subject to change by
Mitsubishi Electric Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.
Please also pay attention to information published by Mitsubishi Electric Corporation by various means, including the Mitsubishi Semiconductor home page (http://www.mitsubishichips.com).

+ When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total system before making a final decision
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M306VOME-XXXFP, M306VOEEFP (REV1.1) DATA SHEET

Rev. Revision Description Rev.
No. date
1.0 | First Edition of PDF File 9910
1.1 | « Explanations for OSDP mode are deleted (Figure 2.16.4) 0004

< Add address (Figure 2.16.4)

« Correct the last sentense; «s« overlaps with the display which includesess (P201, “2.16.13")
* Correct note 2; “HS1” and “HS2” to “HS” (P201)
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