MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

1. Description
The M306H1SFP is single-chip microcomputer using the high-performance silicon gate CMOS process
using a M16C/60 Series CPU core and is packaged in a 144-pin plastic molded QFP. This single-chip
microcomputer operates using sophisticated instructions featuring a high level of instruction efficiency.
With 1M bytes of address space, this is capable of executing instructions at high speed. This also features
a built-in OSD display function and data slicer, making this correspondence to Teletext broadcasting service.
This microcomputer is ROM less article, it can be used only at microprocessor mode.

1.1 Features

* Memory Capacity ........ccccceeevrrvveeeeeninne <ROM>ROM less
<RAM>5K bytes
* Shortest instruction execution time....... 100 ns (f(XIN)=10 MHz)

* Supply voltage ......ccoevvvvvveiiiiiiieeeeeee, 4.75 V to 5.25V(at f(XIN)=10 MHz)

* INLEITUPES . 25 internal and 8 external interrupt sources, 4 software
interrupt sources; 7 levels (Including key input interrupt)

 Multifunction 16-bit timer..................... 5 output timers + 6 input timers

e Serial O ..oooiiiiiii 5 channels

UART/clock synchronous: 3
Clock synchronous: 2

*DMAC ... 2 channels (trigger: 24 sources)

* A-D CONVEIEN ..ccvvveeeeeiiiiciiiiieeeeeee e 8 bits X 8 channels (Expandable up to 10 channels)
* D-A CONVEIEr..coeiiiiieiiiiiiiiiieeeeeee e 8 bits X 2 channels

» CRC calculation circuit..........ccccceveeenn. 1 circuit

e Watchdog timer..........c.ccoovevvvineeenennnn. 1line

e Programmable I/O .......ccccceeiiiiiiinnnnns 50 lines

* INPUE POt ... 1 port (P85 shared with NMI pin)

» Chip select output .........ccccvvvveeeeeneennnn. 3 lines

* Clock generating circuit ...........cc.......... 2 built-in circuits

(built-in feedback resistor, and external ceramic or crystal oscillator)
* OSD fUNCHON ..oovvviieiiiiiiiiiieeeceeee e Screen composition 40 characters X 25 lines

Characters available

Font RAM : 256 characters, SYRAM : 15 characters
LR DT = Y [ (o =] G For PDC, VPS and VBI
* ENCOEr uvvvvveeeeiieiieiceecee e For VBI

1.2 Applications
VCR, etc
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1.3 Pin Configuration
Figures 1.3.1 shows the pin configuration (top view).
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Figure 1.3.1 Pin configuration (top view)
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1.4 Block Diagram
Figure 1.4.1 is a block diagram of the M306H1SFP.

A8 A8 8 A8 A8 A8 A8

Y / Y Y
[ PortPO | [ PortP1 | [ PortP2 | | PortP3 | | PortP4 | | PortP5 | | Port P6 |

I/O ports

%

8

Internal peripheral functions

A-D converter

System clock generator

o
=]
o
~
_____ Ti ||'_neL o (8 bits x 8 channels XIN-XOUT g
Timer TAO (16 bits) Expandable up to 10 channels) XCIN-XCOUT =1 -
Timer TA1 (16 bits) 3 | ~
Ti TA2 (16 bit:
T:mg; TA3 El6 b:é; UART/clock synchronous SI/O Clock synchronous SI/O —
Timer TA4 (16 bits) (8 bits x 3 channels) (8 bits x 2 channels) 5
Timer TBO (16 bits) o
Timer TB1 (16 bits) CRC arithmetic circuit (CCITT ) 0SD Sli =
inl - icer | [ Encoder
Timer TB2 (16 bits) (Polynomial : X16+X12+X5+1) p
Timer TB3 (16 bits) L9 |
Timer TB4 (16 bits) M16C/60 series16-bit CPU core ]
Timer TB5 (16 bits) Memor e
- Registers Program counter Y 8,
Watchdog timer YT =T PC RAM 0 ©
(15 bits) ROH | ROL . (5K bytes) ©
R1H R1L Stack pointer L
R2 ISP
DMAC s | o !
R3 [ Usp |
(2 channels) 20 =}
Vector table -
Al T
D-A converter FB 5 ®
(8 bits X 2 channels) Flag register Multiplier L
SB | FLG | T
o| |
=} -
T ©
it
i

Figure 1.4.1 Block diagram of M306H1SFP
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1.5 Performance Outline
Table 1.5.1 is a performance outline of M306H1SFP.

Table 1.5.1 Performance outline of M306H1SFP

Item

Performance

Number of basic instructions

91 instructions

Shortest instruction execution time

100ns (f(XIN)=10MHz)

S1/03, SI/04

Memory ROM —

capacity RAM 5K bytes

I/O port PO to P10 (except P8s) 8 bits x 10, 7 bits x 1

Input port P85 1bitx1

Output port  |P11 9bitx1

Multifunction |TAO, TAL, TA2, TA3, TA4 16 bits x 5

timer TBO, TB1, TB2, TB3, TB4, TB5 |16 bits x 6

Serial 1/0 UARTO, UART1, UART2 (UART or clock synchronous) x 3

(Clock synchronous) x 2

A-D converter

8 bits x (8 + 2) channels

D-A converter

8 bits x 2 channels

DMAC

2 channels (trigger: 24 sources)

CRC calculation circuit

CRC-CCITT

Watchdog timer

15 bits x 1 (with prescaler)

Interrupt

25 internal and 8 external sources, 4 software sources, 7 levels

Clock generating circuit

2 built-in clock generation circuits
(built-in feedback resistor, and external ceramic or crystal oscillator)

Screen composition

Character composition
Character coloring

Character Background coloring
Background coloring

SYRAM color

Character Background coloring

Supply voltage 4.75 to 5.25V (f(XIN)=10MHZz)
Device configuration CMOS high performance silicon gate
Package 144-pin plastic mold QFP
OSD function |OSD display RAM 2.75K Bytes (25 x 40 x 22-bit)
Font RAM 3.84K Bytes (12 x 10 x 256-bit)
SYRAM 260 Bytes (13 x 10 x 16-bit)

40 characters x 25 lines

12 x 10 dots matrix

8 colors choices per character
8 colors choices per character
8 colors choices per screen

8 colors choices per character
8 colors choices per character

Synchronous signal PAL
Video signal PAL
Data slicer |Slice RAM 864 Bytes (48 x 18 x 8-bit)
VBIRAM 95 Bytes ((5 + 5 x 18) x 8-bit)
Data slicer for PDC, VPS and VBI
Encoder for VBI
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Table 1.5.2 Pin Description

Pin name Signal name 1/0 type Function
vee, vss Powter supply Supply 4.75 to 5.25 V to the Vcc pin. Supply 0 V to the Vss pin.
inpu
CNVss CNVss Input This pin switches between processor modes. 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
XOUT Clock output | Output a ceramic resonator Qr crystal bgtweern the XIN and.the XouT pins. To
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".
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.
VREF Reference Input This pin is a reference voltage input for the A-D converter.
voltage input
PQo to P07 1/0 port PO Input/output | This is an 8-bit CMOS I/O port. It has an input/output port direction
register that allows the user to set each pin for input or output
individually.

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. Pins in this port also function
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, as external interrupt pins as selected by software.
Ds to D15 Input/output | When set as a separate bus, these pins input and output data (Ds-D1s).

P20 to P27 1/0 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
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (Ao-A7) separated in time by multiplexing.
Ao, A1/Do Output If the external bus is set as a 16-bit wide multiplexed bus, these pins
to 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 I/0O port equivalent to PO.
As to A15 Output These pins output 8 middle-order address bits (As8—A15).
As/D7, Input/output | If the external bus is set as a 16-bit wide multiplexed bus, these pins
A9 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-bit I/O port equivalent to PO.
CS0,CS2,CS3, Output These pins output§0,§2,§3 signals and A16—A19. E),Ez,c_% are
A16 to A19 Output chip select signals used to specify an access space. A16—A19 are 4
high- order address bits.
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Table 1.5.3 Pin Description

Pin name Signal name 1/0 type Function
P50 to P57 I/0 port P5 Input/output | This is an 8-bit I/O port equivalent to PO.

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 B 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 o

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.

P6o to P67 1/0 port P6 Input/output | This is an 8-bit I/O port equivalent to PO. The port can be set to have or
not have a pull-up resistor in units of four bits by software. Pins in this
port also function as UARTO and UART1 I/O 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 timer Ao—A3,
timer B5 or UART2 /O pins as selected by software.

P80 to P84, 1/0 port P8 Input/output | P8o to P84, P86, and P87 are 1/O ports with the same functions as P6.

P8s, Input/output | Using software, they can be made to function as the 1/O pins for timer
A4 and the input pins for external interrupts. P86 and P87 can be set

P87, Inputioutput | sing software to function as the I/O pins for a sub clock generation

P8s /0 port P85 Input circuit. In this case, connect a quartz oscillator between P86 (XcouT
pin) and P87 (XCIN pin). P8s is an input-only port that also functions
for NMI. The NMI interrupt is generated when the input at this pin
changes from “H” to “L”. The NMI function cannot be cancelled using
software. The pull-up cannot be set for this pin.

P9o to P97 I/O port P9 Input/output | This is an 8-bit I/O port equivalent to P6. Pins in this port also function
as Sl/03, 4 1/0 pins, Timer BO—B4 input pins, D-A converter output pins,
A-D converter extended input pins, or A-D trigger input pins as selected
by software.

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, P104—P107 also function as
input pins for the key input interrupt function.

VDD1 il:r:c[:))vt\jlter supply Digital power supply pin. Connect to +5 V.

VDD2 ::]?)Vl;’fr supply Analog power supply pin. Connect to +5 V.

VvDD3 iFr’]c‘))vl\j/ter supply Analog power supply pin. Connect to +5 V.

CVIDEO1 Composite Output This is composite video signal output pin. Output 2 Vp-p composite

video output 1 video signal. In superimpose mode, this pin's signal consists of CVIN1
signal of the display range combined with the character output signal.
Rev. 1.0
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Table 1.5.4 Pin Description

Pin name Signal name I/0 type Function

CVIDEO2 Composite Output This is composite video signal output pin. Output 2 Vp-p composite
video output 2 video signal. This pin's signal consists of CVIN2 signal of vertical

blanking erase interval combined with the VBI output signal.

SVREF Synchronous Input When slice the vertical synchronous signal, input slice power.
slice level input

CVIN1 Composite Input This pin inputs the external composite video signal. In superimpose
video signal mode, this pin's signal consists of it's composite video signal combined
input 1 with the character output signal. Data slices this signal internally by

setting.

SECAMIN SECAM input | Input Carrier input pin for SECAM.

CVIN2 Composite Input This pin inputs the external composite video signal. In VBI encode, this
video signal pin's signal consists of it's composite video signal combined with the
input 2 VBI output signal. Data slices this signal internally by setting.

SYNCIN Composite Input This pin inputs the external composite video signal. Synchronous
video signal devides this signal internally.

777777777777777777 input 3

HOR Input digital horizontal synchronous signal (5 V).

LP1 Filter output 1 | Output This is filter output pin 1 (for display).

LP2 Filter output 2 | Output This is filter output pin 2 (for synchronous).

LP3 Filter output 3 | Output This is filter output pin 3 (for VBI, VPS).

LP4 Filter output 4 | Output This is filter output pin 4 (for PDC).

FSCIN fsc input pin for | |5yt Sub-carrier (fsc) input pin for synchronous signal generation.
synchronous
signal
generation

VERT Vertical Input Digital vertical synchronous signal input (5 V).
synchronous
signal input

P11oto P118 |Output port P11| Output This is a 9-bit output-only port. Pins in this port also function as EDO2,

EDO1,CSYN,BLNK,B,G,R,GRAY,SLICEON output pins as selected by
software.
Rev. 1.0
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2. Operation of Functional Blocks
The M306HOSFP accommodates certain units in a single chip. These units include RAM to store instruc-
tions and data and the central processing unit (CPU) to execute arithmetic/logic operations. Also included
are peripheral units such as timers, serial 1/0, D-A converter, DMAC, CRC calculation circuit, A-D con-
verter, OSD circuit, Data slicer circuit, Data encode circuit and 1/O ports.
The following explains each unit.

2.1 Memory
Figure 2.1.1 is a memory map of the M306HOSFP. The address space extends the 1M bytes from ad-
dress 0000016 to FFFFF16. From address FFFFF16 down is ROM. In the M306HOSFP, can use from
address from 0400016 to FFFFF16 as external ROM area. The vector table for fixed interrupts such as the
reset and NMI are mapped to from address FFFDC16 to FFFFF16. The starting address 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 from address 0040016 to 017FF16. 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 from address 0000016 to 003FF16. This area accommodates the control
registers for peripheral devices such as 1/0 ports, A-D converter, serial I/O, and timers, etc. Figures 2.1.2
to 2.1.4 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 from address 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.
Address 0180016 to 03FFF16 and address 2800016 to 2FFFF16 are reserved and cannot be used.

0000016
SFR area

For details, see Figures

003FF16
0040016

017FF16
0180016
03FFF16
0400016

2800016

3000016

FFFFF16

212t02.1.4

Internal RAM area

Internal reserved
area

External area

Internal reserved
area

External area

. FFE0016

' FFFDC16

FFFFF16 E

E Undefined instruction

Special page
vector table

Overflow

BRK instruction

Address match

Single step

Watchdog timer

DBC

NMI

Reset

Figure 2.1.1 Memory map

Rev. 1.0

‘ MITSUBISHI
AV N ELECTRIC




MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

000016 004416 | INT3 interrupt control register(INT3IC)
000116 004516 | Timer B5 interrupt control register (TB5IC)
000216 004616 | Timer B4 interrupt control register (TB4IC)
000316 004716 | Timer B3 interrupt control register (TB3IC)
000416 | Processor mode register 0 (PMO) 004816 | SI/O4 interrupt control register (S41C)
000516 | Processor mode register 1(PM1) INT5 interrupt control register(INT5IC)
ooo61s | System clock control register 0 (CMO0) 004916 | SI/O3 interrupt control register (S3IC)
000716 | System clock control register 1 (CM1) INT4 interrupt control register(INT4IC)
ooosis | Chip select control register (CSR) 004A16 | Bus collision detection interrupt control register (BCNIC)
ooo91s | Address match interrupt enable register (AIER) 004B1s | DMAO interrupt control register (DMOIC)
000A1s | Protect register (PRCR) oo4cis | DMAL interrupt control register (DM1IC)
000B16 004D1s | Key input interrupt control register (KUPIC)
000C16 oo4e1s | A-D conversion interrupt control register (ADIC)
000D16 004F1s | UART2 transmit interrupt control register (S2TIC)
000Es | Watchdog timer start register (WDTS) 005016 | UART2 receive interrupt control register (S2RIC)
oooris | Watchdog timer control register (WDC) 005116 | UARTO transmit interrupt control register (SOTIC)
001016 005216 | UARTO receive interrupt control register (SORIC)
001116 | Address match interrupt register 0 (RMADO) 005316 | UART1 transmit interrupt control register (S1TIC)
001216 oos416 | UART1 receive interrupt control register (S1RIC)
001316 005516 | Timer A0 interrupt control register (TAOIC)
001416 oo0s616 | Timer Al interrupt control register (TA1IC)
001516 | Address match interrupt register 1 (RMAD1) 005716 | Timer A2 interrupt control register (TA2IC)
001616 00s81s | Timer A3 interrupt control register (TA3IC)
001716 005916 | Timer A4 interrupt control register (TA4IC)
001816 005A1s | Timer BO interrupt control register (TBOIC)
001916 00sB16 | Timer B1 interrupt control register (TB1IC)
001A16 ooscis | Timer B2 interrupt control register (TB2IC)
001B16 005D16 | INTO interrupt control register (INTOIC)
001C16 oosess | INT1 interrupt control register (INT1IC)
001D16 00sF16 | INTZ2 interrupt control register (INT2IC)
001E1s 006016
001F16 ~ ~
002016 ~ ~N~
002116 | DMAO source pointer (SARO) 020016
002216 020116
002316 020216 ’ ;
002415 020316 Display RAM address control register
002516 | DMAO destination pointer (DARO) 020416 Display RAM data control register
002616 020516
ggzﬁ gzgi: Font RAM address control register
002915 DMAO transfer counter (TCRO) 02081 -
Font RAM data control register
002A16 020916
002B1e _ 0206 | SYRAM address control register
002c1s | DMAO control register (DMOCON) 020B16
002D16 02015 | SYRAM data control register
002E16 020D16
002F1s 020E16 | glice RAM address control register
003016 020F16
003115 | DMAL source pointer (SAR1) 021015 | glice RAM data control register
003216 021116
003310 021216 | \/BIRAM address control register
003416 021316
003516 | DMA1 destination pointer (DAR1) 021415 | \ ;B AM data control register
003616 021516
ggz;z ziji: Address control register for expansion register
003916 | DMAL transfer counter (TCR1) 021816 ] ] ]
003A1 021010 Data control register for expansion register
003816 i 0217418 | Hymming 8/4 register
003C16 | DMAL1 control register (DM1CON) 021B16
003010 021C18 | Humming 24/18 register 0
003E16 021D16
00310 021816 | Hiumming 24/18 register 1
004016 021F16
004116 022016
004216 L AL
004316 A\v "}'
033F1s | |
Figure 2.1.2 Location of peripheral unit control registers (1)
Rev. 1.0

10

MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

034016
034116
034216
034316
034416
034516
034616
034716
034816
034916
034A16
034B16
034C16
034D16
034E16
034F16
035016
035116
035216
035316
035416
035516
035616
035716
035816
035916
035A16
035B16
035C16
035D16
035E16
035F16
036016
036116
036216
036316
036416
036516
036616
036716
036816
036916
036A16
036B16
036C16
036D16
036E16
036F16
037016
037116
037216
037316
037416
037516
037616
037716
037816
037916
037A16
037B16
037C16
037D16
037E16
037F16

Timer B3, 4, 5 count start flag (TBSR)

Timer A1-1 register (TA11)

Timer A2-1 register (TA21)

Timer A4-1 register (TA41)

Reserved register

Reserved register

Reserved register

Reserved register

Reserved register

Reserved register

Timer B3 register (TB3)

Timer B4 register (TB4)

Timer B5 register (TB5)

Timer B3 mode register (TB3MR)

Timer B4 mode register (TB4MR)

Timer B5 mode register (TB5MR)

Interrupt cause select register (IFSR)

S1/03 transmit/receive register (S3TRR)

SI/03 control register (S3C)

SI/O3 bit rate generator (S3BRG)

SI/O4 transmit/receive register (S4TRR)

S1/O4 control register (S4C)

SI/O4 bit rate generator (S4BRG)

UART2 special mode register 3(U2SMR3)

UART?2 special mode register 2(U2SMR2)

UART2 special mode register (U2SMR)

UART2 transmit/receive mode register (U2MR)

UART2 bit rate generator (U2BRG)

UART2 transmit buffer register (U2TB)

UART2 transmit/receive control register 0 (U2CO0)

UART2 transmit/receive control register 1 (U2C1)

UART2 receive buffer register (U2RB)

038016

Count start flag (TABSR)

038116

Clock prescaler reset flag (CPSRF)

038216

One-shot start flag (ONSF)

038316

Trigger select register (TRGSR)

038416

Up-down flag (UDF)

038516

038616
038716

Timer AO (TAQ)

038816
038916

Timer Al (TA1)

038A16
038B16

Timer A2 (TA2)

038C16
038D16

Timer A3 (TA3)

038E16
038F16

Timer A4 (TA4)

039016
039116

Timer BO (TBO)

039216
039316

Timer B1 (TB1)

039416
039516

Timer B2 (TB2)

039616

Timer AO mode register (TAOMR)

039716

Timer A1 mode register (TAIMR)

039816

Timer A2 mode register (TA2MR)

039916

Timer A3 mode register (TA3MR)

039A16

Timer A4 mode register (TA4MR)

039B16

Timer BO mode register (TBOMR)

039C16

Timer B1 mode register (TB1IMR)

039D16

Timer B2 mode register (TB2MR)

039E16

039F16

03A016

UARTO transmit/receive mode register (UOMR)

03Al16

UARTO bit rate generator (UOBRG)

03A216
03A316

UARTO transmit buffer register (UOTB)

03A416

UARTO transmit/receive control register 0 (UOCO)

03A516

UARTO transmit/receive control register 1 (UOC1)

03A616
03A716

UARTO receive buffer register (UORB)

03A816

UART1 transmit/receive mode register (ULMR)

03A916

UART1 bit rate generator (U1IBRG)

03AA16
03AB16

UART1 transmit buffer register (U1TB)

03AC16

UART1 transmit/receive control register 0 (U1CO0)

03AD16

UART1 transmit/receive control register 1 (U1C1)

03AE16
03AF16

UART1 receive buffer register (ULRB)

03B016

UART transmit/receive control register 2 (UCON)

03B1l16

03B216

03B316

03B416

03B516

03B616

03B716

03B816

DMAO request cause select register (DMOSL)

03B916

03BA16

DMAL request cause select register (DM1SL)

03BB16

03BC16
03BD16

CRC data register (CRCD)

03BE16

CRC input register (CRCIN)

03BF16

Figure 2.1.3 Location of peripheral unit control registers (2)
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03C016
03C116
03C216
03C316
03C416
03Cb516
03C616
03C716
03C816
03C916
03CA16
03CB16
03CCi6
03CD1s
03CE16
03CF16
03D016
03D116
03D216
03D316
03D416
03D516
03D616
03D716
03D816
03D916
03DA16
03DB16
03DC16
03DD16
03DE16
03DF16
03EO016
03E1l16
03E216
03E316
03E416
03ES516
03E616
03E716
03E816
03E916
03EA16
03EB16
03EC16
03ED16
03EE1s
03EF16
03F016
03F116
03F216
03F316
03F416
03F516
03F616
03F716
03F816
03F916
03FA16
03FB16
03FCi6
03FD16
03FE1s
03FF16

A-D register 0 (ADO)

Reserved register

A-D register 1 (AD1)

Reserved register

A-D register 2 (AD2)

Reserved register

A-D register 3 (AD3)

Reserved register

A-D register 4 (AD4)

Reserved register

A-D register 5 (AD5)

Reserved register

A-D register 6 (AD6)

Reserved register

A-D register 7 (AD7)

Reserved register

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 (P0)

Port P1 (P1)

Port PO direction register (PDO)

Port P1 direction register (PD1)

Port P2 (P2)

Port P3 (P3)

Port P2 direction register (PD2)

Port P3 direction register (PD3)

Port P4 (P4)

Port P5 (P5)

Port P4 direction register (PD4)

Port P5 direction register (PD5)

Port P6 (P6)

Port P7 (P7)

Port P6 direction register (PD6)

Port P7 direction register (PD7)

Port P8 (P8)

Port P9 (P9)

Port P8 direction register (PD8)

Port P9 direction register (PD9)

Port P10 (P10)

Port P10 direction register (PD10)

Pull-up control register 0 (PURO)

Pull-up control register 1 (PUR1)

Pull-up control register 2 (PUR2)

Port control register (PCR)

Figure 2.1.4 Location of peripheral unit control registers (3)
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2.2 Central Processing Unit (CPU)
The CPU has 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.

b15 b8 b7 b0
RO(Note) | H | L n \
II I I I I |
b15 b8 b7 b0 b19 b0
R1(Note) | m | L PC | | Program counter
II I I I I | I I I A I I |
Data
registers
b15 b0 b19 b0
R2(Note) | INTB| H | | Interrupt table
1 A | 111 I I I Y I O A | register
b15 b0 b15 b0
R3(Note) | USP | | User stack pointer
N A A I | 1 Y |
' J
b15 b0 b15 b0
AO(Note) | ISP | | Interrupt stack
||||||||||||||||-| Ll iiiiililil pointer
Address
bi5 b0 registers b15 b0 Static b
Al (Note) SB tatic base
||||||||||||||||||-| |||||||||IIIIIII|reglster
b15 bo b15 b0
EB(Note) | Frame base FLG | | Flag register
AN registers L I A
- 1
’,’ I
’,’ 1
-~ 1
| IPL | |U|I|O|B|S|Z|D|C|
[ L1 1
Note: These registers consist of two register banks.

Figure 2.2.1 Central processing unit register

(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 (R2R0/R3R1).

(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 (A1A0).
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(3) Frame base register (FB)
Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing.

(4) Program counter (PC)

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

(5) Interrupt table register (INTB)

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

(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).

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

(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”.
« 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.
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« 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 0 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

IPL | . |Y|r]o|B|s|z[p|c| Flagregister (FLG)

L Carry flag

L Debug flag

Zero flag

Sign flag
Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

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 Vvce 5V

w RESET
1

. ov

Example when Vcc = 5V.

Figure 2.3.1 Example reset circuit

xRy

~—™|More than 20 cycles are needed

Microprocessor
mode BYTE = “H”

RESET |  BCLK 24cycles

BCLK  rrrommmrememmempomeeesseeeny ¢

Content of reset vector

Address FFFFCis |  FFFFD1s | FFFFE16 )

RD [ ] [ ] I
WR

CS0 ,(
Microprocessor
mode BYTE = “L” Content of reset vector

Address FFFFC1s | FFFFE1s X X

RD

WR

CS0 f

Figure 2.3.2 Reset sequence
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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 = Vce
BYTE = Vss BYTE = Vcc
PO Data input (floating) Data input (floating)
P1 Data input (floating) Input port (floating)

P2, P3, P4o to P43

Address output (undefined)

Address output (undefined)

P44 CSO0 output (“H” level is output) | CSO output (“H” level is output)
P4s to P47 Input port (floating) Input port (floating)
(pull-up resistor is on) (pull-up resistor is on)
P50 WR output (“H” level is output) WR output (“H” level is output)
P51 BHE output (undefined) BHE output (undefined)
P52 RD output (“H” level is output) RD output (“H” level is output)
P53 BCLK output BCLK output
P54 HLDA output (The output value | HLDA output (The output value
depends on the input to the depends on the input to the
HOLD pin) HOLD pin)
P55 HOLD input (floating) HOLD input (floating)
P56 ALE output (“L” level is output) | ALE output (“L” level is output)
P57 RDY input (floating) RDY input (floating)

P6, P7, P80 to P84,
P86, P87, P9, P10

Input port (floating)

Input port (floating)

Plloto P11s

Output port

Output port

CVIDEO1, CVIDEO2 | Output port Output port
CVIN1, CVIN2,

SECAMIN, SVREF,| Input port Input port
SYNCIN, VERT,

FSCIN

LP1,LP2,LP3,LP4 | Output port Qutput port

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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Processor mode register O (Note)
Processor mode register 1

System clock control register 0

System clock control register 1

Chip select control register

Address match interrupt enable register
Protect register

Watchdog timer control register

Address match interrupt register O

Address match interrupt register 1

DMAO control register

DMAL1 control register

INT3 interrupt control register
Timer B5 interrupt control register
Timer B4 interrupt control register
Timer B3 interrupt control register
SI/O4 interrupt control register

SI/O3 interrupt control register

Bus collision detection interrupt
control register

DMAO interrupt control register

DMAL1 interrupt control register

Key input interrupt control register

A-D conversion interrupt control register
UART?2 transmit interrupt control register
UART?2 receive interrupt control register

UARTO transmit interrupt control register
UARTO receive interrupt control register

UARTL1 transmit interrupt control register
UART1 receive interrupt control register

Timer AQ interrupt control register

Timer Al interrupt control register

Timer A2 interrupt control register

Timer A3 interrupt control register

Timer A4 interrupt control register

Timer BO interrupt control register

Timer B1 interrupt control register

Timer B2 interrupt control register

INTO interrupt control register

INT1 interrupt control register

INT2 interrupt control register

? : Undefined

(000416)--

(000516)---

(000616)-

(000716)---

(000816)---

(000916)---

(000A16)--

(OOOF16)---

(001016)---

(001116)--

(001216)--

(001416)--

(001516)--

(001616)--

(002Cz1s)

(003C1s)

(004416)---

(004516)--

(004616)--

(004716)--

(004816)--

(004916)--

(004Az16)--

(004B1s6)---

(004C16)
(004D16)

(004E16)

(004F16)---

(005016)

(005116)---

(005216)
(005316)
(005416)
(005516)
(005616)
(005716)
(005816)
(005916)
(005A16)
(005B16)
(005C1s6)
(005D16)
(O05E16)

(005F16)

x : Nothing is mapped to this bit

0016

[O[0[oTo<IA]
EACICAECIE
IEACICICIEN
[oo]o]ofoo]1
DDDDDAO]
DIDAOIO]
O[T T7T?

0016

0016
DDA

0016

0016

DDDIAOTOT]
[o[0[o]0?0]
[oo]0]0T?0]

DOTOT100]

DODITOI0]

DDDDTOIO]

DDDIAT0T0]

DIAOToT?TO0]

D00 ?T0]]

DDDDAIOT]

DDDIAZT0T0]

DDDIAPI0T]

DODIAZTO]

DDA

Y% E
ZANVZAN VAN

DDDDAT0]0]
DDDDAT0T0]
DDDAT0T9]
DDDAZI00]
DDDDA?I0T]
DDDDAZTOT]
DDIDAI0]0]
DDDDATOT0]
DDA
DDA
DD
DDA
DDDAT0T0]
DDOToT7T0]0]
DDOToT7T0]0]
DIKOTOT?I0]9]

L] [ol [ [9] [9] [o] [9] [9] [9] [f [o] [9] [9] [ E o [e] [ [ [9] [9] [

B4
]
L
N7
7N
]
ZaN
9]
(o]
E
(o]

]

Display RAM address control register

Display RAM data control register

Font RAM address control register

Font RAM data control register

SYRAM address control register

SYRAM data control register

Slice RAM address control register

Slice RAM data control register

VBIRAM address control register

VBIRAM data control register

Address control register for expansion register

Data control register for expansion register

Humming 8/4

Humming 24/18

Timer B3,4,5 count start flag
Reserved register

Reserved register

Reserved register

Reserved register

Timer B3 mode register
Timer B4 mode register
Timer B5 mode register
Interrupt cause select register
S1/O3 control register

SI/O4 control register

UART2 special mode register 2

UART2 special mode register

UART2 transmit/receive mode register
UART2 transmit/receive control register O

UART2 transmit/receive control register 1

(020216)--
(020316)--
(020416)---
(020516)--
(020616)---
(020716)---
(020816)---
(020916)--
(020A16)-
(020B1s6)-+-
(020Cz1s)-:-
(020D16)---
(020E1s)-
(020F16)--
(021016)---
(021116)---
(021216)---
(021316)---
(021416)---
(021516)---
(021616)---
(021716)--
(021816)---
(021916)---
(021A16)--
(021B16)---
(021Ca16)--
(021D1e)--
(021E16)--

(021Fue)---

(034016)

(034816)---
(034916)---
(034A16)--

(034B1s)-

(035B16)
(035C16)

(035D16)

(036216)--
(036616)::-
(037616)--
(037716)--

(037816)--

(037C1s6)

(037D1s)

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

0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
0016
~[OJOJO DDA
0016
0016
0016

0016

~[o[oTZIX00]0]

~[OI0[7DO[0[0]
oo X[O[0]0]

(035F16)---

0016
4016
4016
0016
0016
0016
~[o]o]ofo[1]0]0]
[oo]ofofof1]

Figure 2.3.3 Device's internal status after areset is cleared
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Count start flag (038016)--- D-A control register (03DC1G)---
Clock prescaler reset flag (038116)--- Port PO direction register (03E21e)---
One-shot start flag (038216)--- Port P1 direction register (03E316)---
Trigger select flag (038316)--[ 0016 | Port P2 direction register (03E616)-[ 001 |
Up-down flag (038416)--- Port P3 direction register (03E71e)---
Timer AO mode register (039616)--- Port P4 direction register (03EA16)---
Timer A1 mode register (039716)--- Port P5 direction register (03EBl6)---
Timer A2 mode register (039816)--- Port P6 direction register (03EE16)---
Timer A3 mode register (039916)-[ 0016 | Port P7 direction register (03EF1)-[ 0016 |
Timer A4 mode register (039A16)--- Port P8 direction register (03F216)--~
Timer BO mode register (039B16)--- Port P9 direction register (03F3lﬁ)---
Timer B1 mode register (039C16)--- Port P10 direction register (03F616)---
Timer B2 mode register (039D16)--- Pull-up control register 0 (03FC16)---
UARTO transmit/receive mode register (03A016)--- Pull-up control register 1(Note) (03FD16)---
UARTO transmit/receive control register 0 (03A416)--- Pull-up control register 2 (03FE16)---
UARTO transmitireceive control register 1 (03A515)--[0] 0[0[0]o] 0] 1]0] Port control register (03FF1)- [ 0016 |
UART1 transmit/receive mode register (03A81e)--- Data registers (RO/R1/R2/R3)
UART1 transmit/receive control register 0 (03ACus):-- EEEEEEE Address registers (A0/Al)
UART1 transmit/receive control register 1 (03AD16)--- Frame base register (FB)
UART transmit/receive control register 2 (038016)--- Interrupt table register (INTB)
DMAO cause select register (038816)--- User stack pointer (USP)
DMAL cause select register (O3BA16)--- Interrupt stack pointer (ISP)
A-D control register 2 (03D416)--[ 0] 0] 0 [0 D] 0] Static base register (SB)

A-D control register 0 (03D616)[ 0] o[ 00 0] ?[ 2] Flag register (FLG) 000016

A-D control register 1 (03D716)-- 0016

[o]
)
[~]

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 areset is cleared
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2.4 Processor Mode

(1) Types of Processor Mode
Processor mode can be used at microprocessor mode.
* Microprocessor mode
In microprocessor mode, the SFR, internal RAM, and external memory space can 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 “ 2.4.1 Bus
Settings” for details.)
(2) Setting Microprocessor Mode
Microprocessor mode is set using the CNVss pin and the processor mode bits (bits 1 and O at address
000416). Set the processor mode bits to “112".
Regardless of the level of the CNVss pin, the processor mode bits can be changed by software. There-
fore, never change the processor mode bits when changing the contents of other bits.
* Applying Vcc to CNVss pin
The microcomputer starts to operate in microprocessor mode after being reset.
Figure 2.4.1 shows the processor mode register 0 and 1.
Figure 2.4.2 shows the memory maps applicable for microprocessor mode.
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Processor mode register O (Note 1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
PMO 000416 0016 (Note 2)

b on o1t Bit symbol Bit name Function RIW

L T T T T T T R b1 b0 j

E . . . . . . v PMO0O Processor mode bit 0 0: Inhibited 00

- 0 1: Inhibited :

. 1 0: Inhibited |

E E E E E E R PMo1 1 1: Microprocessor mode O;O

. PMO2 R/W mode select bit 0: RD,BHE WR 00

A 1: RD,WRH,WRL ;

E E E E E PM03 Software reset bit The device is reset when this bit is set 1

R RRhhbs t0“1”. The value of this bit is “0” when |O:O

P read. ‘

S PMO4 Multiplexed bus space b5 b4 }

. P . P 0 0 : Multiplexed bus is not used 0.0

. select bit 01 : Allocated to CS2 space ‘

o PMO05 1 0 : Inhibited |

Loy T 11 Inhibited 0.0

PMO6 Port P40 to P43 function |0 ¢ Address output oo

Poommm s m e e f 1 : Port function !

E select bit (Address is not output) '

: PMO7 BCLK output disable bit | 0: BCLK is output 3

TroTTTTTm T 1:BCLK is not output 0.0
(Pin is left floating) !

Notes 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new
values to this register.
2: If the Vcc voltage is applied to the CNVss, the value of this register when
reset is 0316. (PM0OO and PMO1 both are set to “1".)

Processor mode register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
lofofoloXX]o| pm 000516 00000XX02
L ¢4 1 1 11 1| Bit symbol Bit name Function RIW
E ' , ' ' ' : 1 Reserved bit Must always be set to “0” OEO
L 1 1 1 1 1 1 |Nothingis assigned. :
oo T In an attempt to write to these bits, write “0”. The value, if read, turns | —1—
oo out to be indeterminate. !
Do b ] Reserved bit Must always be set to “0” -0
R CSCLRCEETEEEEELE Reserved bit Must always be set to “0” o0
LSRR PM17 Wait bit 0 : No wait state 00
1 : Wait state inserted ;
Note : Set bit 1 of the protect register (address 000A16) to “1” when writing new
values to this register.
Figure 2.4.1 Processor mode registers
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0000016

0040016

017FF16

0400016

2800016

3000016

FFFFF16

SFR area

Internal
RAM area

Internally
reserved area

External
area

Internally
reserved area

External
area

[ ] External area:
Accessing this area allows the user to
access a device connected externally to
the microcomputer.

Figure 2.4.2 Memory maps applicable for microprosessor mode
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2.4.1 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 0 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 O.

« 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 1/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 P56.
Before using the multiplex bus for access, be sure to insert a software wait.
The processor operates using the separate bus after reset is revoked, so the entire space multiplexed
bus cannot be chosen.
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Table 2.4.2 Pin functions for processor mode

Processor mode Microprocessor modes

‘01" “00”

Multiplexed bus [CSZ is for multiplexed busi|

space select bit and others are for separate (separate bus)

bus
Data bus width 8 bits 16 bits 8 bits 16 bits
BYTE pin level “H” “r “H” “rr
PQo to P07 Data bus Data bus Data bus Data bus
Ploto P17 I/0 port Data bus I/0 port Data bus
P20 Address bus Address bus Address bus Address bus
/data bus (Note)
P21to P27 Address bus Address bus Address bus Address bus
data bus (Note) | data bus (Note)
P30 Address bus | Address bus Address bus Address bus
data bus (Note)
P31to P37 Address bus Address bus Address bus | Address bus
P4oto P43 1/0 port 1/0 port 1/0 port 1/0 port

Port P40 to P43
function select bit = 1
P4oto P43 Address bus Address bus Address bus | Address bus

Port P40 to P43
function select bit =0

P4ato P47 CS (chip select) or programmable I/O port
(For details, refer to “Bus control”)

P50 to P53 Outputs RD, WRL, WRH, and BCLK or RD, BHE, WR, and BCLK
(For details, refer to “Bus control”)

P54 HLDA HLDA HLDA HLDA

P55 HOLD HOLD HOLD HOLD

P56 ALE ALE ALE ALE

P57 RDY RDY RDY RDY

Note : Address bus when in separate bus mode.

Rev. 1.0

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

2.4.2 Bus Control
The following explains the signals required for accessing external devices and software waits.

(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.

(2) Chip select signal
The chip select signal is output using the same pins as P44, P46 and to P47. Bits 0, 2 and 3 of the chip
select control register (address 000816) set each pin to function as a port or to output the chip select
signal.
In microprocessor mode, only CSO0 outputs the chip select signal after the reset state has been can-
celled. CS2,CS3 function as input ports. Figure 2.4.3 shows the chip select control register.
The chip select signal can be used to split the external area. Tables 2.4.3 show the external memory
areas specified using the chip select signal.

Table 2.4.3 External areas specified by the chip select signals

Chip select signal
Processor mode — I
CSso CS2 Cs3
) 3000016 to 0800016 to 0400016 to
Microprocessor mode FFFFF16 27FFF16 07FFF16
(832K bytes) (128K bytes) (16K bytes)

Note : Address 2800016 to 2FFFF16 are reserved and cannot be used.

Chip select control register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | 0 | | | | 0| | CSR 000816 0l1e

v oo 0 | Bit symbol Bit name Function R|W
o or o | CSo CS0 output enable bit 0 : Chip select output disabled 1
A (Normal port pin) 0.0
T 1: Chip select output enabled !
s Reserved bit Always set to “0”. 0.0
e cs2 CS2 output enable bit 0 : Chip select output disabled 00
R — (Normal port pin) ‘
i Cs3 CS3 output enable bit 1 : Chip select output enabled 0.0
oo CSowW CS0 wait bit 0 : Wait state inserted !
. 1 : No wait state O; ©
S CGGRRCEEEEEEEE Reserved bit Always set to “0”. 00
Pt cS2w CS2 wait bit 0 : Wait state inserted Oio
R Cs3wW CS3 wait bit 1: No wait state 00

Figure 2.4.3 Chip select control register
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(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 selected.
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

5

Table 2.4.5 Operation of RD, WR, and BHE signals

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-hit H L Not used H/L Write 1 byte of data
(BYTE ="H") L H Not used H/L Read 1 byte of data

(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 J_| ALE J_|

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

A8 to AL >< Address >< Do/A1 to D7/A8 >< Address >< Data (Note) ><

A9 to A19 >< Address ><

Note : Floating when reading
Figure 2.4.4 ALE signal and address/data bus
Rev. 1.0
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(5) The RDY signal

RDY is a signal that facilitates access to an external device that requires long access time. As shown
in Figure 2.4.5, if an “L” is being input to the RDY 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 state of the microcomputer with the bus in the wait state, and Figure 2.4.5
shows an example in which the RD signal is prolonged by the RDY signal.

The RDY signal is valid when accessing the external area during the bus cycle in which bits 4, 6 and
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, 6 and 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)

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

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

In an instance of separate bus

Bclk / \ / ! /—\_/—\_

T
s, 1\

(i=0 to 3)

RDY -

tsu(RDY - BCLK)

*

Accept timing of RDY signal

In an instance of multiplexed bus

BCLK

RD

CSi
(=0 to 3)

RDY

tsu(RDY - BCLK)

*

@ : Wait using RDY signal Accept timing of RDY signal
s Wait using software

Figure 2.4.5 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 2.4.6 Bus-using priorities

Table 2.4.7 Microcomputer status in hold state

Item Status
Oscillation ON
R/W signal, address bus, data bus, CS, BHE Floating
Programmable 1/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 the 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 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 moutput Maintain status before accessed
status of external area

cs Output "H" Output "H"

ALE Output "L" Output "L"
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(8) BCLK output
The user can choose the BCLK output by use of bit 7 of processor mode register 0 (000416) (Note).
When set to “1”, the output floating.

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

(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) and bits 4, 6 and 7 of the chip select control register (address 000816).
A software wait is inserted in the internal RAM area 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 microcom-
puter 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, 6 and 7 of the chip select control register.
Set this bit after referring to the recommended operating conditions (main clock input oscillation fre-
guency) of the electric characteristics. However, when the user is using the Wsignal, the relevant
bit in the chip select control register’s bits 4, 6 and 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 areas selected using the chip select signal. Bits 4, 6 and 7 of the chip select control register
correspond to chip selects CS0, CS2, and 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.
The SFR area is always accessed in two BCLK cycles regardless of the setting of these control bits.
Also, insert a software wait if using the multiplex bus to access the external memory area.
Table 2.4.9 shows the software wait and bus cycles. Figure 2.4.7 shows example bus timing when
using software waits.
Note: Before attempting to change the contents of the processor mode register 1, set bit 1 of the

protect register (address 000A16) to “1”.

Table 2.4.9 Software waits and bus cycles

i Bits 4, 6 and 7 of chip select
Area Bus status Wait bit control register Bus cycle
SFR _— Invalid Invalid 2 BCLK cycles
_ 0 Invalid 1 BCLK cycle
Internal
RAM .
— 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
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{input )
/

><Address>< X

< Separate bus (no wait) > Bus cycle

| —— |
BCLK
Write signal
Read signal

Data bus {Output
Address bus X ><Address><

Chip select

< Separate bus (with wait) >

Bus cycle
- P
BCLK
Write signal
Read signal |
Data bus \ Output > <Input>-
Address bus >< Address >< X Address ><
Chip select |
< Multiplexed bus >
}4 Bus cycle
BCLK |
Write signal
Read signal
ALE
Address bus ( Address >< X Address >_
Address bus/ \ /—\
Data bus Address Data output >< XAddress } {Input}

Chip select |

Figure 2.4.7 Typical bus timings using software wait
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2.5 Clock Generating Circ

The clock generating circuit contains two oscillator circuits that supply the operating clock sources to the

uit

CPU and internal peripheral units.

Table 2.5.1 Main clock and sub

clock generating circuits

Main clock generating circuit

Sub clock generating circuit

Use of clock

« CPU’s operating clock source
* Internal peripheral units’

« CPU’s operating clock source
» Timer A/B’s count clock

operating clock source source
Usable oscillator Ceramic or crystal oscillator Crystal oscillator
Pins to connect oscillator XIN, XouT XCIN, XcouT
Oscillation stop/restart function Available Available
Oscillator status immediately after reset | Oscillating Stopped

Other

Externally derived clock can be input

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 ex-
amples 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

+—
IN ouT Vce
L Lc¢ vl LI LT LI

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.Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between Xin
and Xour following the instruction.

Figure 2.5.1 Examples of main clock

Microcomputer
(Built-in feedback resistor)

Microcomputer
(Built-in feedback resistor)

XcIN Xcout XCIN Xcout
Open
(Note) T
Rcd
| |:| Externally derived clock
:_L Ccin Ccourt Vee _I_\_,_\_,_\_'_

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.Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XciN
and Xcourt following the instruction.

Figure 2.5.2 Examples of sub clock
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2.5.2 Clock Control

Figure 2.5.3 shows the block diagram of the clock generating circuit.

Cmﬂ

CM10“1”

XCIN XcouTt

Sub clock

Write signal

RESET
Software reset
NMI

Interrupt request

level judgment
output

Main clock
CcMO5 CMO02

WAIT instruction

CMQOi : Bit i at address 000616
CM1i : Biti at address 000716
WDCi : Biti at address 000F16

fcs2
1/32 4
1—‘ > f1SI02

faD
' D4% f8s102
f8

1—{>—

—{>~ 325102
D f

y 32

b|c

Divider
BCLK

e

[

SRS

CM06=0
CM17,CM16=01

CM06=0
CM17,CM16=10

c
1/2}J

CMO06=0 i
CM17,CM16=11 |

CM06=1
L—0

) ~o——d

—,

CM06=0

CM17,CM16=00

Details of divider

Figure 2.5.3 Clock generating circuit

32

‘ MITSUBISHI
AV N ELECTRIC

Rev. 1.0



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

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 dissipation. 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 BCLK is the clock that drives the CPU, and is fc or the clock is 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 BCLK pin by the BCLK output disable bit (bit 7 at address 000416).
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 shifting from low-speed/low power dissipation
mode to stop mode, the value before stop mode is retained.

(4) Peripheral function clock(f1, f8, f32, f1s102, f8s102,f325102,fAD)
The clock for the peripheral devices is derived from the main clock or by dividing it 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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Figure 2.5.4 shows the system clock control registers O and 1.

b7 b6 b5 b4 b3 b2 bl b0

System clock control register 0 (Note 1)

| | | | | | | | Symbol Address ~ When reset
NN CMO 000616 4816
b [ Bitsymbol Bit name Function RW
] ' ] ' ] ' ] ] . b1 b0 1
- CMoo CI?th %gjttput function 00: I/O port P57 O}O
Lo select ! 01: Inhibited ‘
R CMO1 10 : Inhibited !
Pobo 11: Inhibited 00
R CMo2 | WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode | _
voror clock stop bit 1: Stop peripheral function clock in wait mode (Note 8) Ofo
XcIN-XcouT drive capacity | 0 : LOW
e CM03 select bit (Note 2) 1:HIGH O;O
Voo Port Xc select bit 0:1/0 port |
Py T CMo4 1 : XCIN-XCOUT generation O}O
e cMo5 | Main clock (XiN-XouT) 0:0n OEO
ol stop bit (Notes 3,4,5) 1: Off !
Dol CM06 | Main clock division select | 0 : CM16 and CM17 valid 00
poTTTTT bit 0 (Note 7) 1 : Division by 8 mode
cMo7 | System clock select bit 0 XIN, XouT 00
"""""""""""" (Note 6) 1: XCIN, Xcout !

Note 7:

Note 8: fc32 is not included.

b7 b6 b5 b4 b3 b2 bl b0

System clock control register 1 (Note 1)

: Set bit 0 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 bit. 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 (CM07) to “1” before setting this bit to “1".

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

: 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.

| | | | 0 | 0 | 0 | 0 | | Symbol Address When reset

S N A S H E S - CM1 000716 2016
t 01t i1 [ Bitsymbol Bit name Function RW,
L CM10 | All clock stop control bit 0: Clock on OEO
. (Note4) 1: All clocks off (stop mode) |
S R PO N Reserved bit Always set to “0” 0:0
XIN-XouT drive capacity 0:LOW i
P Ty CMIS | Select bit (Note 2) 1:HIGH O}O
[ ' b7 b6
e eeeeameneceea] CM16 | Main clock division 00 : No division mode !
! select bit 1 (Note 3) 0 1: Division by 2 mode 0'0
. CM17 10: Division by 4 mode i
"""""""""""" 1 1: Division by 16 mode i

fixed at 8.

impedance state.

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

Note 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.

Note 3: Can be selected when bit 6 of the system clock control register 0 (address 000616) is “0”. If “1”, division mode is

Note 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-

Figure 2.5.4 Clock control registers

Oand 1
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2.5.3 Stop Mode

Writing “1” to the wain clock and sub-clock stop control bit (bit O at address 000716) stops oscillation
and the microcomputer enters stop mode. In stop mode, the content of the internal RAM is retained
provided that VVcc remains above 2V.

The internal oscillator circuit of expansion function (OSD function/ data slice function/ data encode
function/ humming function) stops oscillation when expansion register CK_VCO, XTAL_VCO,
PDC_VCO_ON, VPS_VCO_ON ="L".

Because the oscillation , BCLK, f1 to f32, f1s102 to f32s102, fc, fc32, and fAD stops in stop mode, periph-
eral functions such as the A-D converter and watchdog timer do not function. However, timer A and
timer B operate provided that the event counter mode is set to an external pulse, and UARTI(i = 0 to 2)
S1/03,4 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 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 Microprocessor mode
Address bus, data bus, CS0, CS2, CS3 | Retains status before stop mode
RD, WR, BHE, WRL, WRH “H
HLDA, BCLK “H”
ALE “HH
Port Retains status before stop mode
Rev. 1.0
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2.5.4 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 Microprocessor mode
Address bus, data bus, CS0, CS2, CS3| Retains status before stop mode
RD, WR, BHE, WRL, WRH “He
HLDA, BCLK “H”
ALE “H”
Port Retains status before stop mode
Rev. 1.0
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2.5.5 Status Transition Of BCLK

Power dissipation can be reduced and low-voltage operation achieved by changing the count source
for BCLK. Table 2.5.4 shows the operating modes corresponding to the settings of system clock
control registers 0 and 1.
When reset, the device starts in division by 8 mode. The main clock division select bit 0 (bit 6 at
address 000616) changes to “1” when shifting from high-speed/medium-speed 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. The following shows the operational modes of BCLK.

(1) 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. When reset, the device starts operating from this
mode. Before the user can go from this mode to no division mode, division by 2 mode, or division by 4
mode, the main clock must be oscillating stably. When going to low-speed or lower power consump-
tion mode, make sure the sub-clock is oscillating stably.

(4) Division by 16 mode
The main clock is divided by 16 to obtain the BCLK.

(5) No-division mode
The main clock is divided by 1 to obtain 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 :

Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which
the count source is going to be switched must be oscillating stably. Allow a wait time in software for the
oscillation to stabilize before switching over the clock.

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

CMm17 CM16 Cmo7 CMO06 CMO05 CMO04 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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2.5.6 Power control
The following is a description of the three available power control modes:

Modes
Power control is available in three modes.

(a) Normal operation mode

* 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.

* 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.

* 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.

* 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.

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

(c) Stop mode
The main clock and the sub-clock 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 consump-
tion.

Figure 2.5.5 is the state transition diagram of the above modes.
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Transition of stop mode, wait mode

( Reset )

Main clock is stopped

Sub clock is stopped N WAIT CPU operation stopped
CMlO : “1 Medlum Speed mOde InStrUCtion
Stop mode I E— — Wait mode
P Interrupt (divided-by-8 mode) Interrupt

Main clock is stopped 4 )
Sub clock is stopped W v WAIT CPU operation stopped

instruction
CM10 =“1" High-speed/medium- \——— .
Stop mode 4—_( )4— Wait mode
speed mode Interrupt

Main clock is stopped T l
Sub clock is stopped WAIT CPU operation stopped

CM10 ="1" L il instruction -
Stop mode —‘—;( Oé‘{‘spee. ow pg""er):——’ Wait mode
Interrupt Issipation mode Interrupt
“— Normal mode —’

(Refer to the following for the transition of normal mode.)

Transition of normal mode

Main clock is oscillating
Sub clock is stopped
Medium-speed mode
(divided-by-8 mode)

BCLK : f(Xi)/8
CMO7 = “0” CMO6 = “1”

CMO06 ="1"

CMO7 =“0” (Note 1)
CMO6 = “1"

Main clock is oscillating cmo4 = "o'T lCMO“ =1 EMOd = 0"

Sub clock is oscillating (Notes 1, 3)

e : ™

Medium-speed mode
High-speed mode (divided-by-2 mode) Main clock is oscillating
BCLK : f(Xin) BCLK : f(Xin)/2 ) Sub clock is oscillating
CM07 =“0" CM06 ="0" | | CMO7 =*0" CMo6 ="0" | Medium-speed mode Low-speed mode
CM17 =*0” CM16="0" ) { CM17="0" CM16="1" | (divided-by-8 mode) CMO7 = 0"
. Note 1, 3)

) ) BCLK : f(Xin)/8 <Noeld .
Medium-speed mode  Medium-speed mode CMO7 = “0” BCLK: f(xen)
(divided-by-4 mode) (divided-by-16 mode) CMO6 = “1” > CMO07 ="1"

CM07 =“1"
BCLK : f(XiN)/4 BCLK : f(XiN)/16 (Note 2)
CMO07 =“0" CMO06 ="“0" CMO07 =“0" CMO06 =“0"
CM17 =“1" CM16="0" ) | CM17 =“1" CM16 ="1"
\_ CMO5 = “07] CMO5 = “1”
A
CMO04 =*0"| Main clock is oscillating [ CM04 =*1" ) )
Sub clock is stopped Main clock is stopped
Ve - Sub clock is oscillating
) Medium-speed mode Low power dissipation mode
High-speed mode (divided-by-2 mode)
BCLK : f(Xix) BCLK : f(Xin)/2 CMO7 ="1" (Note 2) BCLK : f(Xcn)
CMO7 =“0" CMO6 =“0" | | CMO7 =“0" CMO06 = “0" CMO5 ="1 o
CM17 =“0" CM16 ="0" ) { CM17 =“0" CM16 = “1" CMO7 ="1
cM06=*0" | Medium-speed mode  Medium-speed mode gmgé z g E,’:‘lgtg g
(Notes 1,3) (divided-by-4 mode) (divided-by-16 mode) CMO4 = *1”
BCLK : f(Xin)/4 BCLK : f(XiN)/16
CMO7 =“0" CMO06 =“0" | | CMO7 =*“0" CMO6 = 0"
CM17 =“1" CM16=“0" ) | CM17 =“1" CM16 =“1"
N J

Note 1: Switch clock after oscillation of main clock is sufficiently stable.
Note 2: Switch clock after oscillation of sub clock is sufficiently stable.
Note 3: Change CMO06 after changing CM17 and CM16.

Note 4: Transit in accordance with arrow.

Figure 2.5.5 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 register 0 (address 000616), system clock control register 1 (address 000716), port P9 direction
register (address 03F316) , SI/O3 control register (address 036216) and SI/O4 control register (address
036616) can only be changed when the respective bit in the protect register is set to “1”. Therefore,
important outputs can be allocated to port P9.
If, after “1” (write-enabled) has been written to the port P9 direction register and SI/Oi control register
(i=3,4) 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 O
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 b5 b4 b3 b2 bl b0

Symbol Address When reset
PRCR 000A16 XXXXX0002

Bit symbol Bit name Function R'W

Enables writing to system clock
control registers 0 and 1 (addresses
000616 and 000716)

PRCO

o

 Write-inhibited 0.0
1 : Write-enabled |

_____ Enables writing to processor mode |
PRC1 registers 0 and 1 (addresses 000416

- Write-inhibited o0
and 000516) i

1: Write-enabled

PRC2 Enables writing to port P9 direction

register (address 03F316) and to 0 : Write-inhibited '
VT SI/Oi control register (i=3,4) 1 : Write-enabled 0 0
(addresses 036216 and 036616)(Note) !

Nothing is assigned. |
........................ In an attempt to write to these bits, write “0”. The value, if read, turns out to be —i—=
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 Interrupt

2.7.1 Interrupt
Figure 2.7.1 lists the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software

Reset

NMI

DBC

Watchdog timer
Single step
Address matched

Interrupt

[]Special
[l
[l

[
[]Peripheral I/O (Note)

I o

Hardware

N o o |

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 1/O inter-
rupts, 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
request. So far as software numbers 32 through 63 are concerned, the stack pointer does not make
a shift.

42
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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.
« NMI interrupt
An NMI interrupt occurs if an “L” is input to the NMI 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 2.7.10 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 INT instruction uses. Peripheral I/O interrupts are maskable interrupts.
* Bus collision detection interrupt
This is an interrupt that the serial I/O bus collision detection generates.
*« DMAO interrupt, DMAL interrupt
These are interrupts that DMA generates.
» Key-input interrupt
A key-input interrupt occurs if an “L” is input to the Kl pin.
« A-D conversion interrupt
This is an interrupt that the A-D converter generates.
*« UARTO, UARTL1, UART2/NACK, SI/03 and SI/O4 transmission interrupt
These are interrupts that the serial /O transmission generates.
*« UARTO, UARTL, UART2/ACK, SI/O3 and SI/O4 reception interrupt
These are interrupts that the serial I/O reception generates.
e Timer AO interrupt through timer A4 interrupt
These are interrupts that timer A generates
e Timer BO interrupt through timer B5 interrupt
These are interrupts that timer B generates.
« INTO interrupt through INT5 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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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

« 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 FFFDC16 to FFFFF16. 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

FFFDC16 to FFFDF16

Interrupt on UND instruction

Overflow

FFFEO16 to FFFE316

Interrupt on INTO instruction

BRK instruction

FFFE416 to FFFE716

If the vector contains FF16, program execution starts from
the address shown by the vector in the variable vector table

Address match

FFFEB816 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
NMI FFFF816 to FFFFB16 External interrupt by input to NMI pin
Reset FFFFC16 to FFFFF16

Note: Interrupts used for debugging purposes only.
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* Variable vector tables
The addresses in the variable vector table can be modified, according to the user’s settings. Indi-
cate the first address using the interrupt table register (INTB). The 256-byte area subsequent to the
address the INTB indicates becomes the area for the variable vector tables. One vector table com-
prises four bytes. Set the first address of the interrupt routine in each vector table. Table 2.7.2
shows the interrupts assigned to the variable vector tables and addresses of vector tables.
Table 2.7.2 Interrupts assigned to the variable vector tables and addresses of vector tables

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

Software interrupt number 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) INT3

Software interrupt number 5 +20 to +23 (Note 1) Timer B5

Software interrupt number 6 +24 to +27 (Note 1) Timer B4

Software interrupt number 7 +28 to +31 (Note 1) Timer B3

Software interrupt number 8 +32 to +35 (Note 1) SI/04/INTS  (Note 2)
Software interrupt number 9 +36 to +39 (Note 1) SI/O3/INT4 (Note 2)
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)

Key input interrupt

Software interrupt number 14

+56 to +59 (Note 1)

A-D

Software interrupt number 15

+60 to +63 (Note 1)

UART2 transmit/NACK (Note 3)

Software interrupt number 16

+64 to +67 (Note 1)

UART2 receive/ACK (Note 3)

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)

UART1 transmit

Software interrupt number 20

+80 to +83 (Note 1)

UART1 receive

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) | |NT2

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

Note 1: Address relative to address in interrupt table register (INTB).
Note 2: It is selected by interrupt request cause bit (bit 6, 7 in address 035F16 ).
Note 3: When IIC 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 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 (1 flag) and the IPL are located in the flag register (FLG).
Figure 2.7.3 shows the memory map of the interrupt control registers.
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Interrupt control register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
TBIlC(i=3 to 5) 004516 to 004716 XXXXX0002
BCNIC 004A16 XXXXX0002
DMIlC(i=0, 1) 004B16, 004C16 XXXXX0002
KUPIC 004D16 XXXXX0002
ADIC 004Ez6 XXXXX0002

SiTIC(i=0to 2) 005116, 005316, 004F16 XXXXX0002
SiRIC(i=0to 2) 005216, 005416, 005016 XXXXX0002

| | | | TAIIC(i=0 to 4) 005516 to 005916 XXXXX0002
TBIIC(i=0 to 2) 005Az16 to 005C16 XXXXX0002
Bit symbol Bit name Function RI W
ILVLO Interrupt priority level |
select bit b2 b1 b0 O O
000 : Level O (interrupt disabled) |
001: Levell i
ILVL1 010: Level2 !
011: Level3 O O
100: Level4 |
101: Level5 ‘
ILVL2 110: Level6 !
111: Level7 o, O
IR Interrupt request bit 0 : Interrupt not requested O O
1: Interrupt requested ! (Note 1)
Nothing is assigned. |
In an attempt to write to these bits, write “0”. The value, if read, turns | — -
out to be “0". :

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

Symbol Address When reset

INTIIC(i=3) 004416 XX00X0002

b7 b6 b5 b4 b3 b2 bl b0 SIIC/INTjIC (i=4,3) 004816, 004916 XX00X0002
of [ [ [ 1] oz

~ 1111 INTIIC(i=0 to 2) 005D16 to 005F16  XX00X0002
coror o [ Bitsymbol Bit name Function R' W
A R T T R ILVLO Interrupt priority level 1
A select bit b2 D100 _ . e} INe)
R T T T 000 : Level O (interrupt disabled) !
A 001:Levell 1
oo ILVLL 010: Level 2 |
L 011:Level3 o RNe)
[ 100:Level4 !
A 101:Level5 .
A ILVL2 110: Level 6 !
oo 111:Level7 o: O
R IR Interrupt request bit 0: Interrupt not requested ol o
1: Interrupt requested (Note 1)
S POL Polarity select bit 0 : Selects falling edge
. 1: Selects rising edge o ! o
e ELTEEEEEEEEE Reserved bit Always set to “0” o O

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

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

Figure 2.7.3 Interrupt control registers
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(1) 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) 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").

(3) 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
enabled, 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 Table 2.7.4 Interrupt levels enabled according
levels to the contents of the IPL

I?ésglu;)élggf Qltty Interrtllg\teplriority Por:(égiy IPL Enabled interrupt priority levels
b2 bl b0 IPL2 IPL1 IPLo
0 0O Level O (interrupt disabled) _ 0 0 O Interrupt levels 1 and above are enabled
0 0 1 Level 1 Low 0 01 Interrupt levels 2 and above are enabled
010 Level 2 0 1 0 Interrupt levels 3 and above are enabled
011 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 0 1 Interrupt levels 6 and above are enabled
1 10 Level 6 Y 110 Interrupt levels 7 and above are enabled
1 11 Level 7 High 111 All maskable interrupts are disabled
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(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 |
AND.B  #00h, 0055h
NOP
NOP
FSET |

Example 2:
INT_SWITCH2:
FCLR |
AND.B  #00h, 0055h
MOV.W MEM, RO

FSET |
Example 3:
INT_SWITCH3:
PUSHC FLG
FCLR |
AND.B  #00h, 0055h
POPC FLG

; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.
; Four NOP instructions are required when using HOLD function.

; Enable interrupts.

; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

; Dummy read.
; Enable interrupts.

; Push Flag register onto stack
; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

; 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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2.7.6 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 instruc-
tion, 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:

(a) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading
address 0000016.

(b) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt
sequence in the temporary register (Note) within the CPU.

(c) 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)

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

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

(f) 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.

(1) 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

4} 4} — Time
y4 /

Instruction in S

Instruction Interrupt sequence . ;
ptseq interrupt routine

/ 7
-— 2 ol () -

Interrupt response time

(a) Time from interrupt request is generated to when the instruction then under execution is completed.
(b) Time in which the instruction sequence is executed.

Figure 2.7.4 Interrupt response time
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Time (@) 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 coincidence
interrupt or of a single-step interrupt.
Notes 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
Address bus XA%%[)%SSX Indeterminate >< SP-2 >< SP-4 >< vec >< vec+2 >< PC
Data bus _Interrupt >< - >< SP-2 >< SP-4 >< vec >< vec+2 ><

>< information Indeterminate contents J\ contents J\ contents | contents

R U—Y Indeterminate Y u u
UL

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

=l

Figure 2.7.5 Time required for executing the interrupt sequence

(2) 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

Interrupt sources without priority levels Value set in the IPL
Watchdog timer, NMI 7
Reset 0
Other Not changed
Rev. 1.0
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(3) 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 interrupt 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).

Stack status before interrupt request
is acknowledged

Address Stack area Address Stack area
MSB LSB MSB LSB
m-4 m-4 Program counter (PCL)  |-=
m-3 m-3 Program counter (PCw)
m-—2 > m-—2 Flag register (FLGL)
Flag register Program

m-1 m-1

[sP] - (FLGH) counter (PCw)
m Content of previous stack |-a—— \?;?tfg nglgir m Content of previous stack

interrupt occurs
m+ 1| Content of previous stack m+ 1| Content of previous stack

Stack status after interrupt request
is acknowledged

[SP]
New stack
pointer value

Figure 2.7.6 State of stack before and after acceptance of interrupt request

52

‘ MITSUBISHI
AV N ELECTRIC

Rev. 1.0



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

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(Cdd) (FLGH) counter (PChr)

[SP] (Even)

Finished saving registers
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 (PCu) y (4) Saved simultaneously
all 8 bits

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

_ Flag register Program
[SP1—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
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(4) 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 pro-
cess resumes.

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

(5) Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (check-
ing 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.

Reset > NMI > DBC > Watchdog timer > Peripheral /O > Single step > Address match

Figure 2.7.8 Hardware interrupts priorities

(6) Interrupt 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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Priority level of each interrupt Level O (initial value)

.......................................

| INTL A High

| Timer B2

| Timer BO

| Timer A3

| Timer A1

| Timer B4

| INT3

1 INT2

| N0

| Timer B1

| Timer A4

| Timer A2

| Timer B3

| Timer B5

| UART1 reception

H UARTO reception

Priority of peripheral I/O interrupts
(if priority levels are same)

| UART2 reception/ACK

| A-D conversion

[ DMA1L

H | Bus collision detection

| Serial 1/O4/INT5

| Timer AO

| UART1 transmission

: | UARTO transmission

: | UART2 transmission/NACK

| Key input interrupt

[ DMAOQ

i Serial I/03/INT4

Low

| Processor interrupt priority level (IPL)

B R R R o R

Interrupt enable flag (I flag) H Interrupt
S request
Address match accepted

|
|
| Watchdog timer
I
I
|

QO

|

DBC

NMI

Reset

Figure 2.7.9 Maskable interrupts priorities (peripheral I/O interrupts)
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2.7.7 INT Interrupt
INTO to INT5 are triggered by the edges of external inputs. The edge polarity is selected using the
polarity select bit.
Of interrupt control registers, 004816 is used both as serial /04 and external interrupt INT5 input
control register, and 004916 is used both as serial I/O3 and as external interrupt INT4 input control
register. Use the interrupt request cause select bits - bits 6 and 7 of the interrupt request cause select
register (035F16) - to specify which interrupt request cause to select. After having set an interrupt
request cause, be sure to clear the corresponding interrupt request bit before enabling an interrupt.
Either of the interrupt control registers - 004816, 004916 - has the polarity-switching bit. Be sure to set
this bit to “0” to select an serial I/O as the interrupt request cause.
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 (035F16). 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 request cause select register.

Interrupt request cause select register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address When reset

N S R R R IFSR 035F16 0016

v Bitsymbol Bit name Fumction R W

E : : : : : ' IFSRO INTO interrupt polarity 0 : One edge !

A swiching bit 1: Two edges 010

; ; . IFSR1 INT1 interrupt polarity 0 : One edge !

A swiching bit 1: Two edges 0,0

E ' : : - : IFSR2 INT2 interrupt polarity 0 : One edge Oi O

e swiching bit 1: Two edges

E ' : : ; IFSR3 INT3 interrupt polarity 0: One edge |

T swiching bit 1: Two edges O O

b IFSR4 INT4 interrupt polarity 0: One edge

P T swiching bit 1: Two edges O; O

: - : IFSR5 INTS5 interrupt polarity 0: One edge ‘

P hmmmmmmmmmmmmmeeey swiching bit 1: Two edges 0:0

IFSR6 Interrupt request cause 0:SI03 O O

oot select bit 1:INT4 |
IFSR7 Interrupt request cause 0:SI04 |

"""""""""""" select bit 1:INT5 O} O

Figure 2.7.10 Interrupt request cause select register
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2.7.8 NMI Interrupt
An NMI interrupt is generated when the input to the P85/NMI pin changes from “H” to “L”. The NMI
interrupt is a non-maskable external interrupt. The pin level can be checked in the port P8s register (bit
5 at address 03F016).
This pin cannot be used as a normal port input.

2.7.9 Key Input Interrupt
If the direction register of any of P104 to P107 is set for input and a falling edge is input to that port, a
key input interrupt is generated. A key input interrupt can also be used as a key-on wakeup function for
cancelling the wait mode or stop mode. However, if you intend to use the key input interrupt, do not
use P104 to P107 as A-D input ports. Figure 2.7.11 shows the block diagram of the key input interrupt.
Note that if an “L” level is input to any pin that has not been disabled for input, inputs to the other pins
are not detected as an interrupt.

Port P104-P107 pull-up

select bit
PuII-L_Jp Key input interrupt control register | (address 004D16)
transistor Port P107 direction

register

Port P107 direction register

P107/KI3 O

Port P106 direction
register

Pull-up
transistor

Key input interrupt

Interrupt control circuit
request

P106/Kl2 O T

( tFr’;:i:slfstor ) Port P105 direction
register
P10s/KlL O T
Pull-up Port tP104 direction
transistor register

P104/Klo O T

Figure 2.7.11 Block diagram of key input interrupt
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2.7.10 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
affected 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.
Figure 2.7.12 shows the address match interrupt-related registers.

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.

b7 b6 bS b4 bS b2 bl b0 Symbol Address When reset
W—J—J AIER 000916 XXXXXX002
Bit symbol Bit name Function R'W
R AIERO Address match interrupt O | . Interrupt disabled OEO
A A enable bit | 1 : |nterrupt enabled |
T AIER1 |Address matchinterrupt 1 | 0 : Interrupt disabled O§O
enable bit | 1 : Interrupt enabled !
S VLS S Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns outto  [——
be indeterminated.
Address match interrupt registeri (i = 0, 1)
(b23) (b19) (b16)b15) (08) Symbol Address When reset
o = D07 20 2 RMADO 001216 to 001016 X0000016
| | RMAD1 001616 to 001416 X0000016
Function Values that can be set [R ‘W
---{ Address setting register for address match interrupt 0000016 to FFFFF16 |O!O

Figure 2.7.12 Address match interrupt-related registers
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2.7.11 Precautions for 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. When using the NMI interrupt, initialize the stack
point at the beginning of a program. Concerning the first instruction immediately after reset, gener-
ating any interrupts including the NMI interrupt is prohibited.

(3) The NMI interrupt

« As for the NMI interrupt pin, an interrupt cannot be disabled. Connect it to the Vcc pin via a resistor
(pull-up) if unused. Be sure to work on it.

» The NMI pin also serves as P8s, which is exclusively input. Reading the contents of the P8 register
allows reading the pin value. Use the reading of this pin only for establishing the pin level at the time
when the NMI interrupt is input.

« Do not reset the CPU with the input to the NMI pin being in the “L” state.

« Do not attempt to go into stop mode with the input to the NMI pin being in the “L” state. With the input
to the NMI being in the “L” state, the CM10 is fixed to “0”, so attempting to go into stop mode is
turned down.

« Do not attempt to go into wait mode with the input to the NMI pin being in the “L” state. With the input
to the NMI pin being in the “L” state, the CPU stops but the oscillation does not stop, so no power is
saved. In this instance, the CPU is returned to the normal state by a later interrupt.

* Signals input to the NMI pin require an "L" level of 1 clock or more, from the operation clock of the
CPU.

(4) 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
through INT5 regardless of the CPU operation clock.

« When the polarity of the INTo to INT5 pins is changed, the interrupt request bit is sometimes set to
"1". After changing the polarity, set the interrupt request bit to "0". Figure 2.7.13 shows the proce-
dure for changing the INT interrupt generate factor.
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Clear the interrupt enable flag to “0”
(Disable interrupt)

)
)
)
)

Set the interrupt priority level to level 0
(Disable INTi interrupt)

¢
(
(

Set the polarity select bit

( Clear the interrupt request bit to “0”

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 2.7.13 Switching condition of INT interrupt request

(5) 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 |
AND.B  #00h, 0055h
NOP
NOP
FSET |

Example 2:
INT_SWITCH2:
FCLR |
AND.B  #00h, 0055h
MOV.W MEM, RO

FSET |
Example 3:
INT_SWITCH3:
PUSHC FLG
FCLR |
AND.B  #00h, 0055h
POPC FLG

; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.
; Four NOP instructions are required when using HOLD function.

; Enable interrupts.

; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

; Dummy read.
; Enable interrupts.

; Push Flag register onto stack
; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

; 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
generated. This will depend on the instruction. If this creates problems, use the below instructions to

change the register.

Instructions : AND, OR, BCLR, BSET

60

‘ MITSUBISHI
AV N ELECTRIC

Rev. 1.0



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

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 XN 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 XcIN 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 calculated as given below. The watchdog timer's period is, however, subject to an error due
to the pre-scaler.

With XIN chosen for BCLK

pre-scaler dividing ratio (16 or 128) X watchdog timer count (32768)
BCLK

Watchdog timer period =

With XcIN chosen for BCLK
pre-scaler dividing ratio (2) X 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 000E16) and
when a watchdog timer interrupt request is generated. The prescaler is initialized only when the micro-
computer 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 OOOE16).

Figure 2.8.1 shows the block diagram of the watchdog timer. Figure 2.8.2 shows the watchdog timer-
related registers.

Prescaler

BCLK

Watchdog timer g Watchdog timer
HOLD

interrupt request
A

Write to the watchdog timer S ;

start register Set to
(address 000E16) “TEFF16"
RESET © OI> D

Figure 2.8.1 Block diagram of watchdog timer
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Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
| | 0| 0| | | | | | WDC 000F16 000XXXXX2
Bit symbol Bit name Function R W
E , , LI High-order bit of watchdog timer OfX
R Reserved bit Must always be set to “0” 00
E B S EEEEECET R, Reserved bit Must always be set to “0” 00
] wpCc? Prescaler select bit 0 : Divided by 16 o0
1: Divided by 128 |
Watchdog timer start register
b7 bo Symbol Address When reset
WDTS 000E16 Indeterminate
E Function RIW
The watchdog timer is initialized and starts counting after a write instruction to
""""""" this register. The watchdog timer value is always initialized to “7FFF16” X0
regardless of whatever value is written. !

Figure 2.8.2 Watchdog timer control and start registers
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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 2.9.4 show the
registers used by the DMAC.

{ Address bus y
A
_|:>| DMAO source pointer SARO(20) |:>
| | (addresses 002216 to 002016)
:>|DMAO destination pointer DARO (20) |:>
U U (addresses 002616 to 002416)
|DMAO forward address pointer (20) (Note) |:>
—|:>i DMAO transfer counter reload register TCRO (16) ':> :>| DMA1 source pointer SAR1 (20) '::>
U (addresses 002916, 002816) | | (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) |:> :>|DMA1 destination pointer DAR1 (20) I:>
U O (addresses 003616 to 003416)
:>| DMAL transfer counter reload register TCR1 (16) ':> | DMAL forward address pointer (20) (Note) l:>
v (addresses 003916, 003816)
|DMA1 transfer counter TCR1 (16) ':> | DMA latch high-order bits | DMA latch low-order bits |
X XA /} AN ﬁ X
S_ Data bus low-order bits v VS
S Data bus high-order bits V S
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 of INTO or INTL (INTO can be selected by DMAO, INT1 by DMA1) or both edge
Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO transfer and reception interrupt requests

UARTL transfer and reception interrupt requests

UART?2 transfer and reception interrupt requests

Serial 1/03, 4 interrpt requests

A-D conversion interrupt requests

Software triggers

Channel priority

DMAO takes precedence if DMAQ and DMAL1 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.
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b7 b6 b5 b4 b3 b2 bl bo

LL DD 1T ]

Symbol
DMOSL

DMAO request cause select register

Address When reset
03B816 0016

Bit symbol

Bit name

Function

DSELO

DMA request cause
select bit

Fmmmmmmmmmmmm——————

DSEL1

DSEL2

DSEL3

b3 b2 b1 b0

000 0: Falling edge of INTO pin
000 1: Software trigger
0010: Timer AO
0011:TimerAl
0100: Timer A2
0101:Timer A3
0110: Timer A4 (DMS=0)
/two edges of INTO pin (DMS=1)
0111:Timer BO (DMS=0)
Timer B3 (DMS=1)
1000 : Timer B1 (DMS=0)
Timer B4 (DMS=1)
1001 : Timer B2 (DMS=0)
Timer B5 (DMS=1)
1010 :UARTO transmit
1011:UARTO receive
1100 : UART2 transmit
1101:UART2 receive
1110:A-D conversion
1111:UART1 transmit

Nothing is assigned.

In an attempt to write to these bits, write “0”.

The value, if read, turns out to be “0”.

DMS

DMA request cause
expansion bit

0 : Normal
1: Expanded cause

DSR

Software DMA
request bit

If software trigger is selected, a
DMA request is generated by
setting this bit to “1” (When read,
the value of this bit is always “0")

Figure 2.9.2 DMAC register (1)
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b7 b6 b5 b4 b3 b2 bl bo

DMAL request cause select register

S p——

g

DMAI control register

b7 b6 b5 b4 b3 b2 bl b0

DI L] 1]

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

Symbol Address When reset
DM1SL 03BA16 0016
Bit symbol Bit name Function R W
DMA request cause b3 b2 b1 bO —
DSELO select bit 000 0: Falling edge of INT1 pin o ! o
000 1: Software trigger !
0010: Timer AO !
0011:TimerAl .
0100: Timer A2 !
DSEL1 0101: Timer A3(DMS=0) i
/serial 1/03 (DMS=1) o) | o)
0110: Timer A4 (DMS=0) 1
/serial /04 (DMS=1) |
0111: Timer BO (DMS=0) 3
/two edges of INT1 (DMS=1) !
DSEL2 1000: Timer B ;
1001 : Timer B2 o0
101 0:UARTO transmit !
1011:UARTO receive !
1100 : UART2 transmit !
DSEL3 1101:UART2 receive !
1110:A-D conversion 0O'0
1111:UART1 receive !
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 expansion bit 1: Expanded cause o i o
DSR Software DMA If software trigger is selected, a
request bit DMA request is generated by 00
setting this bit to “1” (When read, !
the value of this bit is always “0”) |
Symbol Address When reset
DMICON(i=0,1) 002C16, 003C16 00000X002
Bit symbol Bit name Function R W
DMBIT Transfer unit bit select bit | 0: 16 _bits o) o)
1: 8 bits !
DMASL Repeat transfer mode: 0 : Single transfer 0] 0]
select bit 1 : Repeat transfer !
DMAS | DMA request bit (Note 1) |0 : DMA not requested ©: O
1: DMA requested :(Note 2)
DMA enable bit 0 : Disabled
DMAE 1: Enabled © | ©
Source address direction | g : Fixed |
DSD select bit (Note 3) 1 : Forward o O
Destination address 0 : Fixed
DAD direction select bit (Note 3) | 1 - Forward & &

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

cannot be set to “1” simultaneously.

Figure 2.9.3 DMAC register (2)
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DMAI source pointer (i =0, 1)

(b16)(b15) (b8)

b7 b3 b0 b7 b0 b7 b0 Symbol Address When reset
|><|><|><|><| : : SARO 002216 to 002016 Indeterminate
L : SAR1 003216 to 003016 Indeterminate

Function

Transfer count
specification

 Source pointer

Stores the destination address

Nothing is assigned.

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

__________ 0000016 to FFFFF16
Stores the source address ©0
__________________________________________ Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”.
DMAI destination pointer (i = 0, 1)
(b23) (b19) (b16)(b15) (b8)
b7 bs bo b7 bo b7 0 Symbol Address When reset
|><|><|><|><| : ; DARO 002616 to 002416 Indeterminate
T T DAR1 003616 to 003416 Indeterminate
Ponon ' Function Transfer count RIW
Voo ! specification ‘
P S * Destination pointer 0000016 to FFFFF16 |O!O

DMAI transfer counter (i =0, 1)

(b15) (b8)

b7 b0 b7 b0

T Symbol Address When reset

: TCRO 002916, 002816 Indeterminate

i TCR1 003916, 003816 Indeterminate

: Functi Transfer count

: unction specification R:W

: « Transfer counter :

[ 0.0
Set a value one less than the transfer count 000016 to FFFF16 !

Figure 2.9.4 DMAC register (3)
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(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 and,
the level of the BYTE pin. Also, the bus cycle itself is longer when software waits are inserted.

(a) 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.

(b) Effect of BYTE pin level
When transferring 16-bit data over an 8-bit data bus (BYTE pin = “H") , 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 ac-
cesses internal memory (internal RAM, and SFR), these areas are accessed using the data size
selected by the BYTE pin.

(c) 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 2.9.5 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
2.9.5, 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-bit transfers from even address and the source address is even.

BCLK

Address
bus CPU use >< Source ><Destination>< E}irlr;my >< CPU use

RD signal

WR signal
Data - Dummy
bus CPU use >< Source ><Dest|nat|c)n><cycIe 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
CPU use Source X Source + 1 X Destination Dummy CPU use
bus cycle

RD signal

WR signal

Data
bus CPU use >< Source ><Source + 1><Destinalion><E;CrlT;my >< CPU use

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

BCLK

Address o Dummy
bus CPU use >< Source ><Dest|nat|on><Cycle CPU use

RD signal

WR signal
Data

CPU use Source Destinatio 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

Qddress CPU use >< Source >< Source + 1 ><Destinatior>< Dummy >< CPU use
us cycle

RD signal

WR signal

Data
bus CPU use >< Source >< Source + 1 ><Destination>< ‘E);cr?gmy >< CPU use

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

Figure 2.9.5 Example of the transfer cycles for a source read
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(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 x j + No. of write cycles x k

Table 2.9.2 No. of DMAC transfer cycles

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

Setting the DMA enable bit to "1" makes the DMAC active. The DMAC carries out the following opera-
tions 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.
2.9.2 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 set to "1".
There can be instances in which a change in DMA request factor selection bit causes the DMA re-
guest bit to turn to "1". So be sure to set the DMA request bit to "0" 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
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.
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(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, DMAQO 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.
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.

Figure 2.9.6 An example of DMA transfer effected by external factors.

BCLK

DMAO
DMA1

CPU

INTO

DMAO
request bit

INT1

DMA1

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.

Jgiududuudiuuugt

-

A V),

]

T

I

request bit '

Obtainm
ent of the
bus right

Figure 2.9.6 An example of DMA transfer effected by external factors
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2.10 Timer
There are eleven 16-bit timers. These timers can be classified by function into timers A (five) and timers
B (six). All these timers function independently.
Figures 2.10.1 and 2.10.2 show the block diagram of timers.

Clock prescaler
xin () . > f1
1/8 .
Clock prescaler reset flag (bit 7
14 f3p at address 038116) set to “1”
f1 fg 32 fC32
O » Timer mode
O » One-shot mode
o) * PWM mode
0—0/ o 3\ I - 1 Timer AQ interrupt
_ —O o) | Timer AO I -
TAON () 2 —o
filter « Event counter mode
\9) « Timer mode
O » One-shot mode
O * PWM mode
Jn b 3\ Timer Al interrupt
o —oO o] I Timer Al I -
TALN () > D
ilter
 Event counter mode
7o) « Timer mode
o) * One-shot mode
o * PWM mode
o—o} o 0\ I 1 Timer A2 interrupt
Nose ] $° o | Timer A2 I -
TA2n () 2> D
liter « Event counter mode
O * Timer mode
o} » One-shot mode
O * PWM mode
o—o} o 0\ Timer A3 interrupt
Nose] 0 o] I Timer A3 I >
TA3IN 2> 5
O filter ?/ « Event counter mode
0o * Timer mode
) * One-shot mode
* PWM mode
O
o—o} o 0\ Timer A4 interrupt
- —oO o] I Timer A4 I -
TAaN () > o
fer « Event counter mode
Timer B2 overflow
Note 1: The TAOIN pin (P71) is shared with RxD2 and the TB5IN pin, so be careful.
Figure 2.10.1 Timer A block diagram
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xin ()

1/8
1/4

f1 fg f32 fC32

Timer A

T

Y

O
O
O

« Timer mode

Clock prescaler

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

« Pulse width measuring mode

TBOIN ()

) Noise
filter

ib—g%

Timer BO

fcs2

Timer BO interrupt

[

« Event counter mode

|

{:OO

« Timer mode

« Pulse width measuring mode

TB1IN Q

Noise
filter

Timer B1

Timer B1 interrupt

»

« Event counter mode

|

O
O
O

« Timer mode

Pulse width measuring mode

82N ()

o—o/
Noise
filter

[eXeXe]

AN

Timer B2

Timer B2 interrupt

[y

« Event counter mode

\

« Timer mode
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|
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Note 1: The TB5IN pin (P71) is shared with RxD2 and the TAOIN pin, so be careful.

Figure 2.10.2 Timer B block diagram
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2.10.1 Timer A

Figure 2.10.3 shows the block diagram of timer A. Figures 2.10.4 to 2.10.6 show the timer A-related
registers.
Except in event counter mode, 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 pulses from an external source or 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.

q Data bus high-order bits S
Clock source 1 [ 7%
selection « Timer q Data bus low-order bits S
fl —oO . SchShOt Low-order High-order
f8 —o \O o 1l 8 bits Vi 8 bits
f32 O *Timer Reload register (16) |
fcao—O (gate function) 7 VAN
« Event counter i <
Polarity Counter (16) }
TAiN selection Clock selection Up count/down count
(i=0to4) Count start flag [Always down count exceptj
in event counter mode

(Address 038016)
TAi Addresses TAj TAk

Down count —Q Timer AO 038716 038616 Timer A4 Timer Al
Timer A1 038916 038816 Timer AO Timer A2

TB2 overfow —O
Ei)ggg;al Up/down flag O Timer A2 038Bis 038A1s TimerAl Timer A3

TAjoverfow — O ) : :
L . . Timer A3 038D1s 038Cis Timer A2 Timer A4
(i=i-1. Note, however, thatj = 4 when i = 0) (Address 038416) o Timer A4 038F1s 038E1s Timer A3 Timer A

TAk overflow —— O
(k =i+ 1. Note, however, that k = 0 when i = 4)

TAiouT Pulse output
(i=0to4)
(e, | I Toggle flip-flop I

Figure 2.10.3 Block diagram of timer A

Timer Ai mode register

Symbol Address When reset
| b7 | D6 b5 b4 b3 b2 bl b0 TAIMR(i=0 to 4) 039616 to 039A16 0016
4 4 v+ 1 1 1| Bitsymbol Bit name Function R'W
- TMODO . | brvo T
S Operation mode select bit 00 : Timer mode 0.0
oo 0 1 : Event counter mode (
. TMOD1 1 0 : One-shot timer mode i
. 11 : Pulse width modulation 00
oo or (PWM) mode (
Do e MRO ) ) . ) 00
- Function varies with each operation mode !
R Rl MR1 (o)(e]
T MR2 00
I P CREREEEEEE MR3 0.0
P Fremmmmmemeonenenoy TCKo Count source select bit )
R TCK1 (Function varies with each operation mode) 0.0

Figure 2.10.4 Timer A-related registers (1)
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(b15) (b8)
b7 bO b7

Timer Ai register (Note)

Count start flag

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
Lo TAO 038716,038616 Indeterminate
TA1l 038916,038816 Indeterminate
TA2 038B16,038A16 Indeterminate
TA3 038D16,038C16 Indeterminate
TA4 038F16,038E16 Indeterminate
Function Values that can be set | R EW
« Timer mode 000016 to FFFF16 O§O
Counts an internal count source !
- Event counter mode 000016 to FFFF16 | _|
Counts pulses from an external source or timer overflow O}O
* One-shot timer mode 000016 to FFFF16
Counts a one shot width X O
« Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 |y EO
Functions as a 16-bit pulse width modulator
« Pulse width modulation mode (8-bit PWM) 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
pulse width modulator

and low-order
addresses)

Up/down flag

b7 b6 b5 b4 b3 b2 bl b0

Note 1: Read and write data in 16-bit units.
Note 2: In the case of using “Event counter mode” as “Free-Run type”, the timer register
contents may be unkown when counting begins.(Refer 3. Usage Precaution.)

signal processing select bit | set the select bit to “0”

Symbol Address When reset
TABSR 038016 0016
Bit symbol Bit name Function RW
TAOS Timer AO count start flag 0 : Stops counting 00
. i N
TALS Timer A1 count start flag 1: Starts counting 00
TA2S Timer A2 count start flag 0:0
TA3S Timer A3 count start flag ofo
=
TA4S Timer A4 count start flag o0
—
TBOS Timer BO count start flag 0.0
TB1S Timer B1 count start flag 0.0
TB2S Timer B2 count start flag 0:0
Symbol Address When reset
UDF 038416 0016
Bit symbol Bit name Function RiW
TAOUD  |Timer AO up/down flag 0 : Down count 0.0
- 1: Up count I~
TALUD  [Timer Al up/down flag 0.0
- This specification becomes valid [~
TA2UD  [Timer A2 up/down flag when the up/down flag content is 2
TA3UD  |Timer A3 up/down flag igfge‘j for up/down switching |5
TA4UD  |Timer A4 up/down flag 0:0
TA2P Timer A2 two-phase pulse | 0 : two-phase pulse signal X O
signal processing select bit processing disabled !
1 : two-phase pulse signal I
TA3SP Timer A3 two-phase pulse processing enabled X0
signal processing select bit i
When not using the two-phase ——
TA4P Timer A4 two-phase pulse | pulse signal processing function, %0

Figure 2.10.5 Timer A-related registers (2)
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One-shot start flag
Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl bo ONSF 038216 00X000002
Bit symbol Bit name Function RwW
TA0OS | Timer AO one-shot start flag | 1 : Timer start 00
TA10S | Timer Al one-shot start flag When read, the value is 0 00
TA20S | Timer A2 one-shot start flag ofo
TA30S | Timer A3 one-shot start flag ofo
TA40S | Timer A4 one-shot start flag oio
Nothing is assigned. |
In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate. |~ ™~
TAOTGL | Timer AO event/trigger b7 b6 00
select bit 00 : Input on TAON is selected (Note) !
0 1: TB2 overflow is selected ;
TAOTGH 10: TA4 overflow is selected 0.0
11:TA1 overflow is selected |
Note: Set the corresponding port direction register to “0”.
Trigger select register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| TRGSR 038316 0016
E : : : : Bit symbol Bit name Function RIW
: Lo Timer Al event/trigger b1 b0 !
: o TALTGL select bit 9 00 : Input on TALN is selected (Note) (OO
! N 0 1: TB2 overflow is selected !
H N TALTGH 1 0: TAO overflow is selected |
11:TA2 overflow is selected OEO
i i i Timer A2 event/trigger b3 b2 ;
! T TAZTGL select bit 0 0 : Input on TA2IN is selected (Note) O}O
H H 0 1: TB2 overflow is selected .
H ] TA2TGH 10: TA1 overflow is selected O: o
: 11: TA3 overflow is selected !
T S Timer A3 event/trigger b5 b4
: TASTGL select bit 9 00 : Input on TA3i s selected (Note) (OO
: 0 1:TB2 overflow is selected ;
[ S TA3TGH 10: TA2 overflow is selected 00
H 11:TA4 overflow is selected |
H i i b7 b6 |
[ TA4TGL -Sl—(larlrtleii @IA: eventtrigger 0 0 : Input on TA4iN is selected (Note) |O'O
H 0 1: TB2 overflow is selected .
] TA4TGH 10: TA3 overflow is selected 0o
11:TAO overflow is selected !
Note: Set the corresponding port direction register to “0”.
Clock prescaler reset flag
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
L_NXMN CPSRF 038116 OXXXXXXX2
I i+ 1+ | Bitsymbol Bit name Function RIWM
E i E i E E E Nothing is assigned. |
vt --t--t.-:. Inan 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
e ] 1: Prescaler is reset 0.0
(When read, the value is “0”) |
Figure 2.10.6 Timer A-related registers (3)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 2.10.1) Figure 2.10.7

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: Setvalue

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

TAIIN pin function

Programmable I/O port or gate input

TAiouT 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

» Gate function

Counting can be started and stopped by the TAIIN pin’s input signal
* Pulse output function

Each time the timer underflows, the TAiouT pin’s polarity is reversed

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl bO

HECEEN

Symbol Address When reset
0 | o| TAIMR(i=0 to 4) 039616t0 039A16 0016
' , Bit symbol Bit name Function R'W
¢+ -1 _TMODO _[Operation mode bLbO 0.0
C TMODL select bit 00 : Timer mode 00
MRO Pulse output function 0 : Pulse is not output
________ select bit (TAiouT pin is a normal port pin) 00
1: Pulse is output (Note 1) |
(TAiouT pin is a pulse output pin)
MR1 Gate function select bit b4b3 . . i
0 X (Note 2): Gate function not available |5:o
"""" (TAIIN pin is a normal port pin) |
1 0: Timer counts only when TAIIN pinis |
MR2 held “L” (Note 3) 3
________ 11: Timer counts only when TAiIN pinis (O'O
held “H” (Note 3) !
-------- MR3 0 (Must always be fixed to “0” in timer mode) 00
TCKO it o :
________ Count source select bit 00:fi O:o
01:fs -
........ TCK1 10:f32 !
11:fca2 O:O
Note 1: The settings of the corresponding port register and port direction register
are invalid.

Note 2: The bit can be “0” or “1".
Note 3: Set the corresponding port direction register to “0”.

Figure 2.10.7 Timer Ai mode register in timer mode
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(2) Event counter mode
In this mode, the timer counts an external signal or an internal timer’s overflow. Timers A0 and Al can
count a single-phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-
phase external signal. Table 2.10.2 lists timer specifications when counting a single-phase external
signal. Figure 2.10.8 shows the timer Ai mode register in event counter mode.
Table 2.10.3 lists timer specifications when counting a two-phase external signal. Figure 2.10.9
shows the timer Ai mode register in event counter mode.

Table 2.10.2 Timer specifications in event counter mode (when not processing two-phase pulse signal)

ltem Specification
Count source + External signals input to TAIIN pin (effective edge can be selected by software)
* TB2 overflow, TAj 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 con
tents 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
TAIIN pin function Programmable I/O port or count source input
TAiouT pin function Programmable I/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.

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
TAIMR(i=0, 1) 039616, 039716 0016
Bit symbol Bit name Function R'Wj|
TMODO | Operation mode select bit | b+ 0.0
TMOD1 0 1 : Event counter mode (Note 1) o)
' MRO Pulse output function 0: Pulse is not output ] '
S select bit (TAiouT pin is a normal port pin) OEO

1: Pulse is output (Note 2)
(TAiouT pin is a pulse output pin)

: MR1 Count polarity 0 : Counts external signal’ i '
___________ N : gnal's falling edge |~

select bit (Note 3) 1: Counts external signal's rising edge ©:0

______________ MR2 Up/down switching 0 : Up/down flag's content OEO
cause select bit 1 : TAiouT pin's input signal (Note 4) !

MR3 0 (Must always be fixed to “0” in event counter mode) [e}e)

____________________ TCKO Count operation type 0 : Reload type OEO
select bit 1: Free-run type(Note 5) '

I TCK1 Invalid in event counter mode OEO
Can be “0" or “1” !

Note 1: In event counter mode, the count source is selected by the event / trigger select bit
(addresses 038216 and 038316).

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

Note 3: Valid only when counting an external signal.

Note 4: When an “L” signal is input to the TAiouT pin, the downcount is activated. When “H",
the upcount is activated. Set the corresponding port direction register to “0”.

Note 5: In the case of using “Event counter mode” as “Free-Run type”, the timer register

contents may be unkown when counting begins.(Refer 3. Usage Precaution.)

Figure 2.10.8 Timer Ai mode register in event counter mode
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Table 2.10.3 Timer specifications in event counter mode (when processing two-phase pulse signal with timers A2, A3, and A4)

ltem Specification
Count source » Two-phase pulse signals input to TAIIN or TAIOUT pin
Count operation » Up count or down count can be selected by two-phase pulse signal

« When the timer overflows or underflows, the reload register content is
reloaded and the timer starts over again (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 | Timer overflows or underflows
TAIIN pin function Two-phase pulse input
TAiouT pin function Two-phase pulse input
Read from timer Count value can be read out by reading timer A2, A3, or A4 register
Write to timer * When counting stopped

When a value is written to timer A2, A3, or A4 register, it is written to both
reload register and counter
» When counting in progress
When a value is written to timer A2, A3, or A4 register, it is written to only
reload register. (Transferred to counter at next reload time.)
Select function « Normal processing operation
The timer counts up rising edges or counts down falling edges on the TAIIN
pin when input signal on the TAiouT pin is “H”

TAIoOUT J L
v A LA LAY

(i=2,3) up Up Up Down Down Down
count count count count count  count

» Multiply-by-4 processing operation
If the phase relationship is such that the TAIIN pin goes “H” when the input
signal on the TAiouT pin is “H”, the timer counts up rising and falling edges
on the TAiouT and TAIIN pins. If the phase relationship is such that the
TAIIN pin goes “L” when the input signal on the TAiouT pin is “H”, the timer
counts down rising and falling edges on the TAiouT and TAIIN pins.

TAioUT 3‘ U Lf U H t

Count up all edges Count down all edges
TAIIN
NN N RN Y]
- ~ J - ~ J
Count up all edges Count down all edges

Note: This does not apply when the free-run function is selected.
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Timer Ai mode register
(When not using two-phase pulse signal processing)

Symbol Address When reset

b7 b6 b5 b4 b3 b2 bl b0 . i
TAIMR(i = 2 to 4) 039816 to 039A16 0016

' 1: Pulse is output (Note 1) |
(TAiouT pin is a pulse output pin) i

L L fol [ 1 [of4
¢+ 1 1 1| Bit symbol Bit name Function RIW
v o011 "1_TMODO | operation mode select bit | 0.0
oo TMODL1 0 1: Event counter mode 00
o Pulse output function 0 : Pulse is not output
v MRO - . A .
I select bit (TAiourt pin is a normal port pin) 00

o] MR1 Count polarity 0 : Counts external signal's falling edges |~
' select bit (Note 2) 1 : Counts external signal's rising edges
R MR2 Up/down switching 0: Up{down_ﬂgg_'s content 00
! cause select bit 1: TAiouT pin's input signal (Note 3) !
' IRREEEEEEEEEEEREERE MR3 0 : (Must always be “0” in event counter mode) O}O
____________________ TCKO Count operation type 0 : Reload type 00
select bit 1: Free-run type(Note 6) !
TCK1 T:’gg_epshs?se gulesrt;tiscl)gr]]nal 0 : Normal processing operation OEO
"""""""""""" P 9 op 1 : Multiply-by-4 processing operation :

select bit (Note 4)(Note 5)

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

Note 2: This bit is valid when only counting an external signal.

Note 3: Set the corresponding port direction register to “0”.

Note 4: This bit is valid for the timer A3 mode register.
For timer A2 and A4 mode registers, this bit can be “0 "or “1”.

Note 5: When performing two-phase pulse signal processing, make sure the two-phase pulse
signal processing operation select bit (address 038416) is set to “1”. Also, always be
sure to set the event/trigger select bit (addresses 038216 and 038316) to “00”.

Note 6: In the case of using “Event counter mode” as “Free-Run type”, the timer register
contents may be unkown when counting begins.(Refer 3. Usage Precaution.)

Timer Ai mode register
(When using two-phase pulse signal processing)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
|||O|l|0|0|0|l| TAIMR(i =2 to 4) 039816 to 039A16 0016
roo o v Bjt symbol Bit name Function RIW
v = TMODO | operation mode select bit | *% 00
. TMOD1 0 1: Event counter mode 00
f . . . . ________ MRO 0 (Must always be “0” when using two-phase pulse signal O:O
- processing)
R MR1 0 (Must glways be “0” when using two-phase pulse signal OEO
Vo processing) :
T MR2 1 (Must always be “1” when using two-phase pulse signal OEO
o processing)
R MR3 0 (Must always be “0” when using two-phase pulse signal OEO
processing) !
] Tcko | Count operation type 0 : Reload type 00
: select bit 1 : Free-run type(Note 3)
: Two-phase pulse ) )
b ekl processing operation 2 l\N/lorIn_welll r;)roiessmg operation 00
select bit (Note 1)(Note 2) : Multiply-by-4 processing operation !

Note 1: This bit is valid for timer A3 mode register.
For timer A2 and A4 mode registers, this bit can be “0” or “1”.

Note 2: When performing two-phase pulse signal processing, make sure the two-phase pulse
signal processing operation select bit (address 038416) is set to “1”. Also, always be
sure to set the event/trigger select bit (addresses 038216 and 038316) to “00”.

Note 3: In the case of using “Event counter mode” as “Free-Run type”, the timer register
contents may be unkown when counting begins.(Refer 3. Usage Precaution.)

Figure 2.10.9 Timer Ai mode register in event counter mode
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(3) One-shot timer mode
In this mode, the timer operates only once. (See Table 2.10.4) When a trigger occurs, the timer starts
up and continues operating for a given period. Figure 2.10.10 shows the timer Ai mode register in

one-shot timer mode.
Table 2.10.4 Timer specifications in one-shot timer mode

Item Specification
Count source f1, fs, f32, fc32
Count operation » The timer counts down

+ When the count reaches 000016, 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: Setvalue

Count start condition » An external trigger is input

* 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

TAIIN pin function Programmable I/O port or trigger input

TAiouT 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

1: Pulse is output (Note 1)
(TAiouT pin is a pulse output pin)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
[ | [o] | ] [1]o] TAMRG=0t04) 0396161003016 o016
Bit symbol Bit name Function RIW,
: TMODO | operation mode select bit "1“’(‘; - one-shot i g 0.0
D TMOD1 : One-shot timer mode O:O
MRO Pulse output function 0 : Pulse is not output |
_________ select bit (TAiouT pin is a normal port pin) OEO

MR1 External trigger select 0 : Falling edge of TAiIN pin's input signal (Note 3) '
"""""" bit (Note 2) 1: Rising edge of TAiIN pin's input signal (Note 3) O;O
MR2 Trigger select bit 0 : One-shot start flag is valid 1
1: Selected by event/trigger select o0
register !
R ARt MR3 [0 (Must always be “0” in one-shot timer mode) 00
T GRUGECEECERLEREE TCKO | count source select bit |77
00:f1 Olo
H 01:fs —
""""""""""""" TCK1 10:f32 00
11:fca2 !

Note 1: The settings of the corresponding port register and port direction register are invalid.
Note 2: Valid only when the TAiIN pin is selected by the event/trigger select bit

(addresses 038216 and 038316). If timer overflow is selected, this bit can be “1” or “0”".
Note 3: Set the corresponding port direction register to “0".

Figure 2.10.10 Timer Ai mode register in one-shot timer mode
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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 2.10.5) In this mode,
the counter functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator.
Figure 2.10.11 shows the timer Ai mode register in pulse width modulation mode. Figure 2.10.12
shows the example of how a 16-bit pulse width modulator operates. Figure 2.10.13 shows the ex-
ample of how an 8-bit pulse width modulator operates.

Table 2.10.5 Timer specifications in pulse width modulation mode

Item

Specification

Count source

f1, f8, f32, fc32

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
« Cycletime  (216-1)/fi fixed
8-bit PWM * High level width nX(m+1)/fi  n:values set to timer Ai register's high-order address
* Cycle time (28-1)X (m+1) / fi m ; values set to timer Ai register's low-order address

Count start condition

 External trigger is input
* 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”

TAIIN pin function

Programmable I/O port or trigger input

TAiouT 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)

b7 b6 b5 b4 b3 b2 bl bo

Timer Ai mode register

Symbol Address When reset
| | | | | | 1 | 1 | l| TAIMR(i=0to 4) 039616 to 039A16 0016

P b B symbol Bit name Function RIW,
; TMODO  |Operation mode 150 o©°
; TMODL1 select bit 11:PWM mode 00
L MRO 1 (Must always be “1” in PWM mode) 00
; MR1 External trigger select 0: Falling edge of TAiIN pin's input signal (Note 2) OEO

P temmmmeees bit (Note 1) 1: Rising edge of TAiIN pin's input signal (Note 2) '
S MR2 Trigger select bit 0: Count start flag is valid OEO

! 1: Selected by event/trigger select register 3
:L ________________ 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 |

b7 b6 :
.................... TCKO Count source selectbit |9 f1 00

01:fs .

10:f32 |
"""""""""""" TeK1 11:fcs2 Ofo

Note 1: Valid only when the TAiIN pin is selected by the event/trigger select bit
(addresses 038216 and 038316). If timer overflow is selected, this bit can be “1” or “0”.
Note 2: Set the corresponding port direction register to “0”.

Figure 2.10.11 Timer Ai mode register in pulse width modulation mode
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Condition

TAIIN pin
input signal

.- -
Count source . i
‘ e vl

PWM pulse output  “H" ‘ |

from TAiouT pin @ L R
Timer Aiinterrupt ~ “1”

request bit w1 L ______

: Reload register = 000316, when external trigger
(rising edge of TAIIN pin input signal) is selected

1/fix (2% -1)

fi: Frequency of count source \ /

(f1, f8, f32, fca2) Cleared to “0” when interrupt request is accepted, or cleared by software

Note: n = 000016 to FFFE16.

Figure 2.10.12 Example of how a 16-bit pulse width modulator operates

Conditi

Count source (Noi

TAIIN pin input sig

Timer Ai interrupt
request bit

Underflow signal of ~ “H” U—“ i { i H— —————— m
v I

8-bit prescaler (Note2) .«

PWM pulse output H ! |
from TAiouT pin " i o

on : Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
External trigger (falling edge of TAIIN pin input signal) is selected

! 1/fi X (m+1) X(2%-1) :

tel)
nal ‘H" !
o } :

fi : Frequency of count source

(1, fs, f32, fca) Cleared to “0” when interrupt request is accepted, or cleaerd by software

Note 1: The 8-bit prescaler counts the count source.
Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.
Note 3: m = 0016 to FE16; n = 0016 to FE1s.

Figure 2.10.13 Example of how an 8-bit pulse width modulator operates
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2.10.2 Timer B

Figure 2.10.14 shows the block diagram of timer B. Figures 2.10.15 and 2.10.16 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.

{ Data bus high-order bits
Clock source selection ) Data bus low-order bits
] [Low-order 8 bits U High-order 8 bits
fi o « Timer -
fg o \o « Pulse period/pulse width measurement | Reload register (16) |
f32 —o ] [ J [ [
fcaa—o « Event counter Counter (16) |
A
TBilN Polarity switching Count start flag
L O— and edge pulse ddress 038016
(i=0to5) and edge p (@ )
Counter reset circuit I_
Can be selected in only
event counter mode
TBI Address TBj
TBj overfow —O Timer BO 039116 039016 Timer B2
(j =i-1. Note, however, Timer B1 039316 039216 Timer BO
j=2wheni=0, Timer B2 039516 039416 Timer B1
j=5wheni=3) Timer B3 035116 035016 Timer B5
Timer B4 035316 035216 Timer B3
Timer B5 035516 035416 Timer B4
Figure 2.10.14 Block diagram of timer B
Timer Bi mode register
Symbol Address When reset
D7 b6 bS b4 b3 b2 bl b0 TBIMR(i=0to5) 039B161t0 039D16  00XX00002
| 035B16 to 035D16 00XX00002
p o1 | Bitsymbol Bit name Function R I W
coro o ] T™opo - | oo !
A Operation mode select bit | 5 ¢ - Timer mode O 0
T 0 1 : Event counter mode
A TMOD1 10 : Pulse period/pulse width !
R measurement mode o ! 0
oo E 11 : Inhibited |
A MRO Function varies with each operation mode O O
A S MR1 O ! O
N MR2 O ' O
et (Note, |
P X
. (Note 2) |
T P PR MR3 O | X
i TCKO Count source select bit O 0
P TCK1 (Function varies with each operation mode) o ' O
Note 1: Timer BO, timer B3.
Note 2: Timer B1, timer B2, timer B4, timer B5.

Figure 2.10.15 Timer B-related registers (1)
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(b15)
b7

(b8)
b0 b7

Timer Bi register (Note)

Count start flag

b7 b6 b5 b4 b3 b2 bl

Timer B3, 4, 5 count

b7 b6 b5 b4 b3 b2 bl b0

b7 b6 b5 b4 b3 b2 bl bo

Clock prescaler reset flag

Symbol Address When reset
TBO 039116, 039016  Indeterminate
TB1 039316, 039216  Indeterminate
bo TB2 039516, 039416  Indeterminate
TB3 035116, 035016  Indeterminate
TB4 035316, 035216  Indeterminate
TB5 035516, 035416  Indeterminate
Function Values that can be set [ R EW
« Timer mode 000016 to FFFF15 |5: 0y
Counts the timer's period
« Event counter mode 000016 to FFFF16 | _ !
Counts external pulses input or a timer overflow O;O
« Pulse period / pulse width measurement mode
Measures a pulse period or width O;X
Note: Read and write data in 16-bit units.
Symbol Address When reset
TABSR 038016 0016
Bit symbol Bit name Function R/W
TAOS Timer AO count start flag 0 : Stops counting oio
TA1S | Timer AL count start flag 1: Starts counting 0!0
TA2S Timer A2 count start flag OEO
TA3S | Timer A3 count start flag 00
TA4S Timer A4 count start flag 00
TBOS Timer BO count start flag 0.0
- =
TB1S Timer B1 count start flag [oXe}
TB2S Timer B2 count start flag 00
start flag
Symbol Address When reset
TBSR 034016 000XXXXX2
Bit symbol Bit name Function RiW
Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns |— —
out to be “0”. i
TB3S Timer B3 count start flag 0 : Stops counting 00
TB4S Timer B4 count start flag 1: Starts counting 83
TB5S Timer B5 count start flag OEO
Symbol Address When reset
CPSRF 038116 OXXXXXXX2
Bit symbol Bit name Function RIW|
Nothing is assigned. |
4 In an attempt to write to these bits, write “0”. The value, if read, turns —}—
out to be “0". !
CPSR | Clock prescaler reset flag |9 : No effect 1
P 9 1: Prescaler is reset (e}{e)
(When read, the value is “0”)

Figure 2.10.16 Timer B-related registers (2)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 2.10.6) Figure 2.10.17
shows the timer Bi mode register in timer mode.

Table 2.10.6 Timer specifications in timer mode

ltem 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: Setvalue

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 Programmable I/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 b0 Symbol Address When reset

| | | | | | | 0 | 0 | TBiIMR(i=0to 5) 039B16 to 039D16 00XX00002
B I N SN S N Bl 035B16 to 035D16 00XX00002
Bit symbol Bit name Function R | W
I R T T R R TMODO . P T e
A Operation mode select bit 00 : Timer mode |
Vo ey TMOD1 o O
S MRO Invalid in timer mode (O]
I MR1 Can be “0” or “1" O ' 0O
A MR2 |0 (Fiedto0'intimermode;i=0,3 et
T Nothing is assiigned (i = 1, 2, 4, 5). X 1 X
N In an attempt to write to this bit, write “0”. The value, if read, turns out |
' ' ' N " (Note 2),
oo to be indeterminate. \
T MR3 Invalid in timer mode. |
S CGCOGCEECELEEEE In an attempt to write to this bit, write “0”. The value, if read in o X
[ timer mode, turns out to be indeterminate. '
P Count source select bit b7 06 !
[t TCKO 00:f1 O ' o
! 01:fs .
e ] TCK1 10:f32 |

11:fcs2 © i ©
Note 1: Timer BO, timer B3.
Note 2: Timer B1, timer B2, timer B4, timer B5.
Figure 2.10.17 Timer Bi mode register in timer mode
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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 2.10.7)
Figure 2.10.18 shows the timer Bi mode register in event counter mode.

Table 2.10.7 Timer specifications in event counter mode
Item 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 bo Symbol Address When reset
| | | | | | | 0 | 1 | TBiIMR(i=0to 5) 039Bu16 to 039D16  00XX00002
035B16 to 035D16  00XX00002
A T symbol Bit name Function R | W
Poroi i r % TMODO | Operation mode select bit | %1% 0.0
H R 01: Event counter mode T
V44 b4 %---{ TMOD1 o0
oo MRO Count polarity select b3 b2
T bit (Notz 1 y 00 : Counts external signal's o .0
T falling edges !
[ 0 1: Counts external signal's |
Voo MR1 rising edges o H o
1 S, 1 0 : Counts external signal's
o falling and rising edges '
oo 1 1: Inhibited
1 HE ) o i o !
MR2 0 (Fixed to “0" in event counter mode; i = 0, 3) (Noie 2)
. Nothing is assigned (i = 1, 2, 4, 5).
! ! In an attempt to write to this bit, write “0”. The value, if read, X ! X
HE turns out to be indeterminate. (Note 3),
oo MR3 Invalid in event counter mode. H
Vo M 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
H Can be “0” or “1”. i
i TCK1 Event clock select 0 : Input from TBiIN pin (Note 4) '
----------------------- 1: TBj overflow O ' 0
(j=i-1; however, j=2wheni=0, .
j=5wheni=3)

Note 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”.

Note 2: Timer BO, timer B3.

Note 3: Timer B1, timer B2, timer B4, timer B5.

Note 4: Set the corresponding port direction register to “0”.

Figure 2.10.18 Timer Bi mode register in event counter mode
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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
2.10.8) Figure 2.10.19 shows the timer Bi mode register in pulse period/pulse width measurement
mode. Figure 2.10.20 shows the operation timing when measuring a pulse period. Figure 2.10.21
shows the operation timing when measuring a pulse width.

Table 2.10.8 Timer specifications in pulse period/pulse width measurement mode

Item

Specification

Count source

f1, f8, faz, fcaz2

Count operation

* 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.)

TBIIN pin function

Measurement pulse input

Read from timer

When timer Bi register is read, it indicates the reload register’s content
(measurement result) (Note 2)

Write to timer

Cannot be written to

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

b7 b6 bS b4 b3 b2 bl b0

Timer Bi mode register

[2]o]

PRpS—

Symbol Address When reset
TBiIMR(i=0to 5) 039B16to 039D16  00XX00002
035B16to 035D16  00XX00002
Bit symbol Bit name Function R W
TMODO i 10 e
Seplzgtl?tn mode 10 : Pulse period / pulse width .
TMOD1 ! measurement mode O 0
b3 b2 i
MRO Measurement mode . !
select bit 0 0 : Pulse period measurement (Interval between o ! o
measurement pulse's falling edge to falling edge) .
0 1: Pulse period measurement (Interval between i
measurement pulse's rising edge to rising edge) .
MR1 1 0 : Pulse width measurement (Interval between '
measurement pulse's falling edge to rising edge, o ! o
and between rising edge to falling edge) i
11 : Inhibited j
0 (Fixed to “0" in pulse period/pulse width measurement mode; i =0, 3 O
MR | O (Fediorin prise perlofiptise meh messrEmeni mode 72 b (Note2)
Nothing is assigned (i = 1, 2, 4, 5). X 1 X
In an attempt to write to this bit, write “0”. The value, if read, turns out to be (Note 3)3
indeterminate. !
MR3 Timer Bi overflow 0 : Timer did not overflow o x
flag ( Note 1) 1: Timer has overflowed '
b7 b6 |
TCKO Count source 00:f1 o 0
select bit 01:fs :
10:f32 1
TCKL 11:fc32 © : ©
Note 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.
Note 2: Timer BO, timer B3.
Note 3: Timer B1, timer B2, timer B4, timer B5.

Figure 2.10.19 Timer Bi mode register in pulse period/pulse width measurement mode
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When measuring measurement pulse time interval from falling edge to falling edge

Count source --

Measurement pulse

|
s
|
s
|
s
L .
I 1 _ Transfer Transfer
|
|
|

| / (indeterminate value) / (measured value)
Reload register + counter | |_| |_|

5/(Note 1) 3/1(Note 1) /v(Note 2)
I . I

wgr |
Count start fla ‘
g .

transfer timing

Timing at which counter
reaches “000016”

Timer Bi interrupt ‘1"
request bit “Q |_|_ i r
e i
Cleared to “0” when interrupt request is accepted, or cleared by software.

_—

=

Timer Bi overflow flag

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

Figure 2.10.20 Operation timing when measuring a pulse period

Count source --

Measurement pulse

1 Transfer Transfer I: Transfer | Transfer
. (indeterminate/}q (measured value) /}1 (measurey (measured value)
/' value) i /1 value) i

Reload register + counter
transfer timing

:/ (Note 1) ;/(Note 1) 1/1(Note i)/,(No;e-l)
[ 1 . Tl

Timing at which counter
reaches “000016”

ag 1 | |
Count start fla i ‘ i
e | .
Timer Bi interrupt “1” ‘ ‘ |
request bit “or »

A a4 l

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

Timer Bi overflow flag ! |
“gr

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

Figure 2.10.21 Operation timing when measuring a pulse width
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2.11 Serial 110
Serial 1/O is configured as five channels: UARTO, UART1, UART2, S /03 and S 1/04.

2.11.1 UARTO to 2

UARTO, UART1 and UART?2 each have an exclusive timer to generate a transfer clock, so they oper-
ate independently of each other.

Figure 2.11.1 shows the block diagram of UARTO, UART1 and UART2. Figures 2.11.2 and 2.11.3
show the block diagram of the transmit/receive unit.

UARTI (i = 0 to 2) has two operation modes: a clock synchronous serial I/O mode and a clock asyn-
chronous serial I/O mode (UART mode). The contents of the serial I/O mode select bits (bits 0 to 2 at
addresses 03A016, 03A816 and 037816) determine whether UARTI is used as a clock synchronous
serial I/O or as a UART. Although a few functions are different, UARTO, UART1 and UART2 have
almost the same functions.

UARTO through UART2 are almost equal in their functions with minor exceptions. UARTZ, in particu-
lar, is compliant with the SIM interface with some extra settings added in clock-asynchronous serial I/O
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 through UART2, and Figures 2.11.4 to
2.11.8 show the registers related to UARTI.

Note: SIM : Subscriber Identity Module

Table 2.11.1 Comparison of functions of UARTO through UART2

Function UARTO UART1 UART2
CLK polarity selection Possible (Note 1) | Possible (Note 1) Possible (Note 1)
LSB first / MSB first selection Possible (Note 1) | Possible (Note 1) Possible (Note 2)
Continuous receive mode selection Possible (Note 1) | Possible (Note 1) Possible (Note 1)
Transfer CI.OCk output from multiple Impossible Possible (Note 1) Impossible
pins selection
Serial data logic switch Impossible Impossible Possible (Note 4)
Sleep mode selection Possible (Note 3) | Possible (Note 3) Impossible
TxD, RxD /O polarity switch Impossible Impossible Possible
TxD, RxD port output format CMOS output CMOS output ’S:fg‘li””e' open-drain
Parity error signal output Impossible Impossible Possible (Note 4)
Bus collision detection Impossible Impossible Possible

Note 1: Only when clock synchronous serial /0O mode.
Note 2: Only when clock synchronous serial /O mode and 8-bit UART mode.

Note 3: Only when UART mode.
Note 4: Using for SIM interface.
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RxDo O —— TxDo
UART reception Receive
Clock source selection Reception clock Transmit/
fl— o Bit rate generator |  Clock synchronous type —o control circuit recelve
o Internal  (address 03A116) 1
fo o ' Transmit
fa2 o o1/ (no+1) U Transmission clock
External Clock synchronous type control circuit |
Clock synchronous type
(when internal clock is selected)
:
R
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
CLK )/I selected)
CLKOO polarity
reversing N
circuit
y ected CTS/RTS disabled
CTSIRTS selecte BT3n
RTSo
cTs0/RTS0 O <]
Vee
b CTSIRTS disabled S—
CTSo
(UART1)
RxD1O ——O TxD1
UART reception Receive X
Clock source selection ‘ Reception clock Transmit
f Bit rate generator | Clock synchronous type ! contro’ cireut unit
fg —o0 Internal (address 03A916) |
8 UART transmission Transmit
faz —o U Transmission clock
External Clock synchronous type control circuit |
Clock synchronous type
(when internal clock is selected)
o
<
0
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
pggﬁty selected)
CLKlO reversing o
circuit I CTSIRTS disabled
[ CTS/RTS selected RTS
RTS1
cTs1/RTs1 O s %
/ CLKS1 Clock output pin Vic
select switch CTS/RTS di S
CTS/RTS disabled cTS1
) _O-
(UART2)
RXD polarity XD
RxD2 S t polarity
reversing circuit reversing _O TxD2
UART reception - Receive circuit
Clock source selection Reception | clock Transmit/
f1 o | Bit rate generator | Clock synchronous type o i control circuit receive
o nternal  3ddress 037916) . unit
fs J S— 7 UART transmission Transmit
fa2 ° o 1/(n2+1) : Transmission | | clock
External Clock synchronous type —o control circuit
Clock synchronous type
(when internal clock is selected)
-
Clock synchronous type Clock synchronous type
(when internal clock is selected)  (when external clock is
(I:Ui )/I selected)
polarity
CLKZOrevgrsi_ng - AN
circuit CTSIRTS  CTSIRTS disabled
selecte
ri——— O RTS2
CTS2/RTS2 <l
Vce
{CTS/RTS disabled  ros
nO : Values set to UARTO bit rate generator (BRGO)
nl: Values set to UART1 bit rate generator (BRG1)
n2 : Values set to UART2 bit rate generator (BRG2)

Figure 2.11.1 Block diagram of UARTi (i =0 to 2)
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Py Py
Clock
synchronous type
UART (7 bits)
Clock UART (8 bits)
synchronous UART (7 bits) UARTi receive register
type
RxDi(O—
PAR UART
enabled
Clock
synchronous type
UART (8 bits)
UART (9 bits)
H H H H H H H H H H H UARTI receive
0:0:0 0 0;0;0;D8| |D73D6;D5;D45D3;D2;D1;D0|bufferregister
n — Address 03A616
| MSBI/LSB conversion circuit | Address 03A716
Address 03AE16
Address 03AF16
Data bus high-order bits
Data bus low-order bits
| MSBI/LSB conversion circuit |
|Ds | | D7: De; Ds: Da; D3: D2 i D1: Do | UARTi transmit
- - - - - - - buffer register
Address 03A216
Address 03A316
Address 03AA16
UART (8 bits) Address 03AB16
UART (9 bits)
UART (9 bits) g]l;:k synchronous
PAR
2SP enabled UART
1sP PAR - - - -
disabled | synchronous UART (7 bits) UARTI transmit register
UART (7 bits)
UART (8 bits) )
“«0” Clock synch SP: Stop bit
w;?ec synenronous PAR: Parity bit

Figure 2.11.2 Block diagram of UARTI (i = 0, 1) transmit/receive unit
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RxD data
RXDZ S

Reverse

Clock
synchronous type
UART

(7 bits)

Clock
synchronous
type

8 bit-ls') UART(7 bits) UART2 receive register

enabled  JART

2SP
Q Q
S o
QO O
ispP PAR
disabled

Clock
type

UART

UART(7 bits)
(7 bits)

synchronous

UART?2 transmit register

PAR UART Clock
enabled synchronous type

(9 bits)

H : H ; : : : : H ; H : : : UART2 receive
0i0{0i0:0i0i0iDs| |DriDsiDsiDsiDsiDeiDiiDo| yART2rece
J\/L Address 037E16
| Logic reverse circuit + MSB/LSB conversion circuitl Address 037F16
Data bus high-order bits
Data bus low-order bits
| Logic reverse circuit + MSB/LSB conversion circuit|
|D8 | | D7iDeiDsiDsiDsiDz2iDiiDo | UART2 transmit
- - - . - - - buffer register

Address 037A16
Address 037B16

UART

(8 bits)

UART

(9 bits)

UART Clock
PAR (9 bits) synchronous type

(8 bits)

Clock
synchronous type

“Qr

Error signal output
disable

No rever:

se

Error signal
output circuit

TxD data TxD2
reverse circuit

Error signal output
enable

Reverse

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) (08) Symbol Address When reset
b7 b0 b7 bo uoTB 03A316, 03A216 Indeterminate
|><|><|><|><|><|><|><| u1iTB 03AB1s, 03AA16 Indeterminate
u2TB 037B16, 037A16 Indeterminate
Function R\W
H H H T
T PP Leeeenood Transmit data X0
Nothing is assigned. i
""""""""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turn out to be indeterminate. _3 -
UART:I receive buffer register
(b15) (b8) Symbol Address When reset
b7 bo b7 bo UORB  03A71, 03A61s  Indeterminate
U1IRB  03AFis, 03AE1s Indeterminate
H U2RB 037F16, 037E16 Indeterminate
Bit . Function Function
' Bit name (During clock synchronous - R:W
symbol serial 1/0 mode) (During UART mode) |
Lo - — 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". -
-------------------------------- ABT | Arbitration lost detecting 0 : Not detected Invalid O:O
flag (Note 2) 1: Detected
____________________________________ OER | Overrun error flag (Note 1) | 0 : No overrun error 0 : No overrun error OEX
1 : Overrun error found 1 : Overrun error found !
........................................ FER [ Framing error flag (Note 1) | Invalid 0 : No framing error le
1: Framing error found
........................................... PER |Parity error flag (Note 1) | Invalid 0 : No parity error ofx
1 : Parity error found |
............................................... SUM | Error sum flag (Note 1) Invalid 0: No error 0O'X
1: Error found ;

UARTI bit rate generator

b7 b0

03A816 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 03A616, 03AE1s and 037Ezs) is read out.

Note 1: Bits 15 through 12 are set to “0” when the serial I/O mode select bit (bits 2 to 0 at addresses 03A01s,

Note 2: Arbitration lost detecting flag is allocated to U2RB and noting but “0” may be written. Nothing is

assigned in bit 11 of UORB and U1RB. These bits can neither be set or reset. When read, the value

of this bit is “0”.
Symbol Address When reset
UOBRG 03Alie Indeterminate
U1BRG 03A916 Indeterminate
U2BRG 037916 Indeterminate
Function Values that can be set R'W,|
T
Assuming that set value = n, BRGi divides the count source by 0016 to FF1s X ;O
n+1 i

Figure 2.11.4 UARTI I/O-related registers (1)
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UARTI transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | UiMR(i=0,1) 03A016, 03A816 0016
; Function : 1
T T T R T Bit . . Function !
symbol Bit name (Durlr;gegéc;?/kosx\gger())nous (During UART mode) R :W
E I ‘ ‘ I I ‘ I SMDO ; " Must be fixed to 001 b2 b1 b0
A Serial /0 mode select bit b2 b1 b0 100 : Transfer data 7 bits length |01 O
E E i E E i E 00 0 : Serial I/O invalid 10 1: Transfer data 8 bits length !
Voo b ... sSmb1 01 0 : Inhibited 110 : Transfer data 9 bits length :
A 011 : Inhibited 000: Serial /0 invalid 00
[ 11 1: Inhibited 01 0: Inhibited ‘
e SMD2 011" Inhibited ;
oo 111: Inhibited 0.0
R LR CKDIR |Internal/external clock 0 : Internal clock 0 : Internal clock O o
oo select bit 1: External clock 1: External clock
Dol e STPS | stop bit length select bit | Invalid 0 : One stop bit
o P 9 1 : Two stop bits ©:0
L T PRY | Odd/even parity select bit| Invalid Valid when bit 6 = *1”
b 0 : Odd parity O 0
P 1 : Even parity |
H  EREEEEEEEEEEEED PRYE | Parity enable bit Invalid 0 : Parity disabled o e}
' 1: Parity enabled !
S SLEP | Sleep select bit Must always be “0” 0 : Sleep mode deselected 00
1: Sleep mode selected |
UART?2 transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | U2MR 037816 0016
Bit Bit name (Durin c'I:oL::nkcgor?chronous Function R W
v 000 symbol s%rial 110 ?/node) (During UART mode) !
S R E SMDO : . ' b2 b1 b0
P Serial /O mode select bit | Must be fixed to 001 100 : Transfer data 7 bits length |OO
- P N 10 1: Transfer data 8 bits length ;
v | SMD1 000 . Serial I/0 invalid 11 0: Transfer data 9 bits length 1
oo 010: (Note) e Lo 0.0
[ 011:Inhibited 000: Serial I/O invalid !
T R 111 - Inhibited 010 : Inhibited 1
Dol T SMbz2 ' 011 Inhibited oo
A 11 1: Inhibited
R ALREEEEE CKDIR |Internal/external clock 0 : Internal clock Must always be fixed to “0” O o
oo select bit 1: External clock '
R EERCLELEE STPS | stop bit length select bit | Invalid 0 : One stop bit O o
T 1: Two stop bits 1
R T PRY [Odd/even parity select bit | Invalid Valid when bit 6 = “1”
b 0 : Odd parity 0.0
v 1: Even parity !
e EERELEEEEEEEEEED PRYE | Parity enable bit Invalid 0 : Parity disabled 00
H 1: Parity enabled |
] joPoL | TxD, RxD /O polarity 0 : No reverse 0 : No reverse
reverse bit 1: Reverse 1: Reverse 00
Usually set to “0” Usually set to “0” '
Note: Bit 2 to bit O are set to “0102” when 12C mode is used.
Figure 2.11.5 UARTIl I/O-related registers (2)
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UARTI transmit/receive control register O

b7 b6 b5 b4 b3 b2 bl b0

select bit

ey

- RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2)

: Data present in transmit
register (during transmission)

: No data present in transmit 1
register (transmission
completed)

o

0 : Data present in transmit register
(during transmission)

: No data present in transmit O:x
register (transmission completed)

TXEPT | Transmit register empty
flag

-

| | | | | | | | | Symbol Address When reset
B I I I Uico(i=0,1) 03A416, 03AC16 0816
B T - Function ; :
R Bit . . Function i
R R . RIW
Poror b ymbol Bit name (Durlr;%r(i:;clxl:/kosiglggé;)nous (During UART mode) :
E E E E E E b1 b0 b1 b0 |
¢ ¢ ¢ 1 1 1 CLKO [ BRG countsource 00:fLis selected 00:f1is selected 0.0
select bit 01:fsis selected 01:fsis selected
v weeod CLKL 10:fs2is selected 10:f32is selected foX{e)
[ 11 Inhibited 1 1: Inhibited .
A . — . Valid when bit 4 = ‘0" Valid when bit 4 = 0" :
IR LELELEE CRS | CTS/RTS function 0: CTS function is selected (Note 1) | 0: CTS function is selected (Note 1) OO

CRD | CTS/RTS disable bit 0: CTS/RTS function enabled | 0: CTS/RTS function enabled

R SRR 1: CTS/RTS function disabled | 1: CTS/RTS function disabled
' (P60 and P64 function as (P60 and P64 function as [e}{e}
: programmable 1/0 port) programmable 1/0 port)
E NCH Data output select bit 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output
""""""""" 1: TXDi pin is N-channel 1: TXDi pin is N-channel 0.0
open-drain output open-drain output
CKPOL | CLK polarity select bit [0 Jransmitdatais outputat | must always be *0”

falling edge of transfer clock
and receive data is input at
rising edge

: Transmit data is output at 0.0
rising edge of transfer clock
and receive data is input at
falling edge

0: LSB first
1: MSB first

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

[

B LR EEE PP UFORM [Transfer format select bit Must always be “0” [oXe)

UART2 transmit/receive control register O

b7 b6 b5 b4 b3 b2 bl bo

| | | | | Symbol Address When reset
u2Co 037C16 0816

[ . Function . .
. Bit . . Function |
R R A Bit name (During clock synchronous " RIW
E i E E i E i i symbol serial /0 mode) (During UART mode) '
T b1 b0 b160 |
i+ 0+ CLKO | BRG count source 00:fiis selected 00:flis selected 0.0
A select bit 01:fsis selected 01:fsis selected ‘
I S e S 10:f32is selected 10:f32is selected o O
[ 11 : Inhibited 11 : Inhibited '
oo — . Valid when bit 4 = 0" Valid when bit 4 = 0" f
I CRS | CTSIRTS function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) |O:O
oo select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) !
5 . 0 : Data present in transmit . . . . !
e TXEPT ;Il'ransmlt register empty | register (during transmission) | © a?gn%r?rs;nrznﬁs:ﬁ)ﬁmlt register !
HE A a : i i '
oo 9 1:No _d‘ata ;t)resen{ m_transmlt 1: No data present in transmit o ;X
oo L%%Spgtéé?"sm'ss'on register (transmission completed) !
N CRD | CTS/RTS disable bit 0: CTS/RTS function enabled | 0: CTS/RTS function enabled
T S SRR 1: CTS/RTS function disabled | 1:CTS/RTS function disabled '
T (P73 functions (P73 functions programmable o :O
E : : programmable I/O port) 1/0 port) '
S Nothing is assigned. i
[ In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0". !
H . . 0 : Transmit data is output at wryr !
. CKPOL | CLK polarity select bit falling edge of transfer clock Must always be *0 '
- and receive data is input at '
N s rising edge i
H 1: Transmit data is output at 0.0
H rising edge of transfer clock '
' and receive data is input at '
1 falling edge ‘
o UFORM |Transfer format select bit | 0 : LSB first 0 : LSB first o) O

(Note 3) 1: MSB first 1: MSB first !

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

Figure 2.11.6 UARTI I/O-related registers (3)

Rev. 1.0

4 MITSUBISHI o
AW ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

UARTI transmit/receive control register 1
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
UiC1(i=0,1) 03A516,03AD16 0216
. Function . i
Bit . . Function |
Bit name (During clock synchronous . R!W,
symbol serial 1/0 mode) (During UART mode) |
TE Transmit enable bit 0 : Transmission disabled | O : Transmission disabled OEO
1: Transmission enabled | 1 : Transmission enabled !
Tl Transmit buffer 0 : Data present in 0 : Data present in
empty flag transmit buffer register transmit buffer register ofx
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 O:O
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 |
Nothing is assigned. _3_
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”. |
UART?2 transmit/receive control register 1
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | uz2ct 037D16 0216
P . Function : :
HE Bit . . Function |
H Bit name (During clock synchronous ’ R'W
symbol serial 1/0 mode) (During UART mode) !
E E TE Transmit enable bit 0 : Transmission disabled | O : Transmission disabled OEO
HE 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 |
HE transmit buffer register transmit buffer register
o RE | Receive enable bit 0 : Reception disabled 0 : Reception disabled 00
! 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 [ O : Transmit buffer empty |
............... cause select bit (T=1) (TI=1) 00
1: Transmit is completed | 1: Transmit is completed '
(TXEPT = 1) (TXEPT = 1) !
U2RRM [ UART?2 continuous 0 : Continuous receive Invalid
__________________ receive mode enable bit mode disabled 00
1 : Continuous receive ‘
mode enabled ‘
_____________________ U2LCH | Data logic select bit 0 : No reverse 0 : No reverse OEO
1: Reverse 1: Reverse '
________________________ U2ERE | Error signal output Must be fixed to “0” 0 : Output disabled OEO
enable bit 1: Output enabled .

Figure 2.11.7 UARTI I/O-related registers (4)
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UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
|><| 0 | | UCON 03B016 X00000002

Bit Function Function i
' ' ' ' ' ' i 1 |
: b symbol Bit name (During (_:Iock synchronous (During UART mode) RIW
H H serial /O mode) |
: P4 1 1 1| UOIRS |UARTO transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (TI=1) | _|
H o T interrupt cause select bit | 1: Transmission completed 1: Transmission completed 0.0
: Voo (TXEPT = 1) (TXEPT = 1)
: oo ULIRS |UART1 transmit 0 : Transmit buffer empty (Ti = 1) | 0 : Transmit buffer empty (TI=1) | !
H R interrupt cause select bit | 1 : Transmission completed 1: Transmission completed O ;O
: P (TXEPT = 1) (TXEPT = 1) |
UORRM [ UARTO continuous 0 : Continuous receive Invalid
H HE receive mode enable bit mode disabled 00
1 : Continuous receive i
' ' mode enable
ULRRM | UART1 continuous 0 : Continuous receive Invalid
receive mode enable bit mode disabled [eXe)
H H 1 : Continuous receive
: : mode enabled '
: : CLKMDO| CLK/CLKS select bit 0 Valid when bit 5 = “1” Invalid !
! emrmsenees 0: Clock output to CLK1 0.0
1: Clock output to CLKS1 !
CLKMD1 | CLK/CLKS select 0 : Normal mode Must always be “0”
H bit 1 (Note) (CLK output is CLK1 only) }
[ 1: Transfer clock output 00
H from multiple pins
function selected :
R Reserved bit Must always be “0” o o
Nothing is assigned. —i

In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate. 1

Note: When using multiple pins to output the transfer clock, the following requirements must be met:
* UARTL1 internal/external clock select bit (bit 3 at address 03A8 16) = “0".

UART2 special mode register

b7 b6 b5 b4 b3 b2 bl b
7 56 b5 b b3 b2 b1 RO Symbol Address When reset
| | | | | | | | | U2SMR 037716 0016
E E E E E E E E . Function . 1
[ Bit . . Function !
T S Bit name (During c_Iock synchronous (During UART mode) R 1W
e serial I/O mode) :
oo i r b il pem |12 mode selection bit 0 : Normal mode Must always be “0” o EO
1:12C mode
ABC | Arbitration lost detecting | 0 : Update per bit Must always be “0” o EO
[ flag control bit 1: Update per byte
~ BBS | Bus busy flag 0 : STOP condition detected Must always be “0” 0:0
o T 1: START condition detected (Note 1)
e LSYN [ SCLL sync output 0 : Disabled Must always be “0” 0 EO
enable bit 1: Enabled
ABSCS [ Bus collision detect Must always be “0” 0 : Rising edge of transfer
Pl e sampling clock e}
N clock select bit 1 : Underflow signal of timer AO |
ACSE [ Auto clear function Must always be “0” 0 : No auto clear function
P oo select bit of transmit 1: Auto clear at occurrence of |O O
enable bit bus collision
N sSS Transmit start condition | Must always be “0” 0 : Ordinary
select bit Y 1: Falling edge of RxD2 o o
_________________________ SDDS | SDA digital delay 0: Analog delay output Must always be “0”
selection bit . s;al_ecrugnl ect 0.0
(Notes 2 and 3) 1: Digital delay output selection ‘
Notes 1: Nothing but "0" may be written.
2: Do not write "1" except at 1 2C mode. Must always be “0” at normal mode.

Bit 7 to bit5 (DL2 to DLO = SDA digital delay value setting bit) of UART2 special mode

register 3 (U2SMR3/address 0375 16) are initialized and become “000” when this bit is "0", analog

delay circuit is selected. Reading and writing U2SMR are enable when SDDS = "0" .

3: Delaying ; Only analog delay value when analog delay is selected, and only digital delay value
when digital delay is selected.
Figure 2.11.8 UARTI I/O-related registers (5)
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UART2 special mode register 2 (12C bus exclusive register)
b7 b6 S b4 b3 b2 b1 b0 Symbol Address When reset
| | | | | | | | | U2SMR2 037616 0016
Bit Bit name F i R w
o v+ 1 4 1| symbol unction
L 1ICM2 12C mode selection bit 2 | Refer to Table 2.11.11 o o
csc Clock-synchronous bit 0 : Disabled
o . 1: Enabled o B o
b oo SWC | SCL wait output bit 0 : Disabled
o T 1: Enabled 0.0
o] ALS SDA output stop bit 0 : Disabled o o
[ ' 1: Enabled 1
P R STAC | UARTZ initialization bit | 0 : Disabled oo
HE 1: Enabled (
ARRLECEELEEERL SWC2 | SCL wait output bit 2 0: UART2 clock !
HE o 0
v 1: 0 output |
[ SDHI | SDA output disable bit | 0: Enabled oo
H 1: Disabled (high impedance)
SHTC | Start/stop condition Set this bit to "1" in 12C mode o) o
"""""""""""" control bit (refer to Table 2.11.12)
UART2 special mode register 3 (I2C bus exclusive register)
Symbol Address When reset
DT b6 bS bi, bF b7 ol U2SMR3 037516 Indeterminate
(initializing value is "0016" at SDDS = "1")

Bit ) Function

symbol Bit name (12C bus exclusive) R, W

:L J' Nothing is assigned.

In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0".
“0" is read out when SDDS = 1.

DLO

SDA digital delay value

setting bit - Analog delay

DL1

: 2 cycle of 1/f (Xin)(Digital delay)
: 3 cycle of 1/f (Xin)(Digital delay)
: 4 cycle of 1/f (Xin)(Digital delay)
: 5 cycle of 1/f (Xin)(Digital delay)

DL2

: 6 cycle of 1/f (Xin)(Digital delay)
: 7 cycle of 1/f (Xin)(Digital delay)
: 8 cycle of 1/f (Xin)(Digital delay)

PRRPRRPOOOOYT
PRPOORROOZ
rPrORrORORrROG

Notes 1:

Reading and writing is possible when bit7 (SDDS = SDA digital delay selection
bit) of UART2 special mode register (U2SMR/address 037716) is "1". When
set SDDS ="1" and read out initialized value of UART2 special mode register
3(U2SMR3), this value is "0016".When set SDDS = "1" and write to UART2
special mode register 3(U2SMR3), set "0" to bit 0 to bit 4. When SDDS = "0",
writing is enable. When read out, this value is indeterminate.

: When SDDS = "0", this bit is initialized and become "000", selected analog

delay circuit. This bit is become "000" after end reset released, and selected
analog delay circuit. Reading out is possible when only SDDS = "1". when
SDDS = "0", value which was read out is indeterminate.

: Delaying ; Only analog delay value when analog delay is selected, and only

digital delay value when digital delay is selected.

: Delay level depends on SCL pin and SDA pin. And, when use external clock,

delay is increase around 100ns. So test first, and use this.

Figure 2.11.9 UARTI -related registers (6)
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2.11.2 Clock synchronous serial I/O mode

The clock synchronous serial /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 I/O mode. Figur 2.11.10 shows

the UARTI transmit/receive mode register.
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, 03A816, 037816
=*0") : fi/ 2(n+1) (Note 1) fi=f1, fs, f32

« When external clock is selected (bit 3 at addresses 03A016, 03A816, 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, 03AD16, 037D16) = “1”

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 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, 03AC16, 037C16) = “0™:
CLKi input level = “H”

— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “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, 03AD16, 037D16) = “1”

- Transmit enable bit (bit O at addresses 03A516, 03AD16, 037D16) = “1”

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 037D16) = “0”

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

- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “0":
CLKi input level = “H”

- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “1":
CLKi input level = “L”

Interrupt request
generation timing

* When transmitting

- Transmit interrupt cause select bit (bits 0, 1 at address 03B01s, bit 4 at
address 037D16) = “0": Interrupts requested when data transfer from UARTI
transfer buffer register to UARTI transmit register is completed

- Transmit interrupt cause select bit (bits 0, 1 at address 03B01s, bit 4 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 2)
This error occurs when the next data is ready before contents of UARTI

receive buffer register are read out

Note 1: “n” denotes the value 0016 to FF16 that is set to the UART bit rate generator.
Note 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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Table 2.11.3 Specifications of clock synchronous serial I/O mode (2)

Item 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 0 or bit 7 can be selected
« Continuous receive mode selection
Reception is enabled simultaneously by a read from the receive buffer register
« Transfer clock output from multiple pins selection (UART1) (Note)
UARTL1 transfer clock can be chosen by software to be output from one of
the two pins set
« Switching serial data logic (UART2)
Whether to reverse data in writing to the transmission buffer register or
reading the reception buffer register can be selected.
* TxD, RxD /O polarity reverse (UART2)
This function is reversing TxD port output and RxD port input. All /O data
level is reversed.

Rev. 1.0
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UARTI transmit/receive mode registers
b7 06 85 b4 B3 b2 b1 b0 Symbol Address When reset

| 0| | | | | 0| 0| l| UiMR(i=0,1) 03A016, 03A816 0016
oo | Bt symbol Bit name Function RW
P01 i 11 "]1__SMDO | serial /O mode select bit | " |19
L . SMD1 00 1: Clock synchronous serial  [0!O
A R I/0O mode
e SMD2 00
E E E E ] CKDIR Internal/external clock 0 : Internal clock OEO
Vo select bit 1: External clock !
R R PO STPS 0.0
P tmmmmmmmeeemmeee o PRY Invalid in clock synchronous serial /0 mode 00
R PRYE 00
R CLCEETEEEEEEP R SLEP 0 (Must always be “0” in clock synchronous serial I/O mode) 00

UART2 transmit/receive mode register
L Symbol Address When reset

| 0| | | | | 0| 0| 1| U2MR 037816 0016
E , , , , , , , Bit symbol Bit name Function R'W
P41 SMDO Serial /0 mode select bit | =" ) 00
vooror e e SMD1 00 1: Clock synchronous serial  [OQ!O
R 1/0 mode 1
Vo T SMD2 [o)e)]
] CKDIR Internal/external clock 0 : Internal clock O: o
Voo select bit 1: External clock i
bbb temmeeeeneened STPS 0.0
b PRY Invalid in clock synchronous serial I/0 mode 0.0
SRR EEEEEEES PRYE 00
s IOPOL TxD, RxD 1/O polarity 0 : No reverse OEO

reverse bit (Note) 1: Reverse 1
Note: Usually set to “0”".

Figure 2.11.10 UARTI transmit/receive mode register in clock synchronous serial I/O mode
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Table 2.11.4 lists the functions of the input/output pins during clock synchronous serial I/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 I/O mode

Pin name Function Method of selection
TXDi Serial data output Outputs dummy data when performing reception onl
(P63, P67, P70) P (Outp y P 9 P Y)
RxDi Serial data input Port P62, P66 and P71 direction register (bits 2 and 6 at address 03EE1s,
(P62, P66, P71) bit 1 at address 03EF16)= “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 03A016, 03A816, 037816) = “0”
(P61, P65, P72) [~ - it
Transfer clock inout Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = “1”

S ey Port P61, P65 and P72 direction register (bits 1 and 5 at address 03EE1s,
bit 2 at address 03EF16) = “0”

CTSI/RTSI CTS input CTSI/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) =*0”

(P60, P64, P73) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 037C16) = “0”
Port P60, P64 and P73 direction register (bits 0 and 4 at address 03EE1s,

bit 3 at address 03EF16) = “0"

RTS output CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = “0”
CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 037C16) = “1”

Programmable I/O port | CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = “1”
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* Example of transmit timing (when internal clock is selected)

Tc

Transfer clock ||||| ||||| ||||| ||||| || | ||||| |||||| |

Transmit enable
bit (TE)

J Data is set in UARTI transmit buffer register

Transmit buffer
empty flag (TI)

iy

Transferred from UARTI transmit buffer register to UARTI transmit register

T 3 +4 g+

Stopped pulsing because CTS = “H” Stopped pulsing because transfer enable bit = “0”
CLKi

PEEEEEEPEEEERRE EENOEEE

Transmit “1n ;

poseemy o | [ ] [ [

A T ]
X A

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=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)

aqr
Receive enable
bit (RE) ‘0"

1
Transmit enable ) ) ) ) )
bit (TE) 0" Dummy data is set in UARTi transmit buffer register
_ ‘P
Transmit buffer i
empty flag (TI) o—| ‘1)\

1 Transferred from UARTI transmit buffer register to UARTI transmit register

RTSi
CLKi
RxDi
Transferred from UARTI receive register 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 2.11.11 Typical transmit/receive timings in clock synchronous serial /O mode

Rev. 1.0

‘ MITSUBISHI 105
AV N ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(1) Polarity select function

As shown in Figure 2.11.12 the CLK polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16)
allows selection of the polarity of the transfer clock.

» When CLK polarity select bit = “0”
CLKi l
l A\ | |
TXDi DO >< D1 >< D2 )>< D3 >< D4 >< D5 >< D6 >< D7 Note 1: The CLK pin level when not
/

transferring data is “H”.
RXDi ><D0><D1><D2><D3><D4><D5><D6><D7

* When CLK polarity select bit = “1”

CLKi l

| \ Note 2: The CLK pin level when not
TXDi >< Do }{ D1 >< D2 )>< D3 >< D4 >< D5 >< D6 >< D7 transferrirﬁ)g data is “L".
/
RXDi X po X b1 X D2 X D3 X D4 X D5 X D6 X D7

Figure 2.11.12 Polarity of transfer clock

(2) LSB first/MSB first select function

As shown in Figure 2.11.13, when the transfer format select bit (bit 7 at addresses 03A416, 03AC1s,
037C16) = “0”, the transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB first”.

* \When transfer format select bit = “0”

i LU
TXDi X po X b1 X p2 X D3 X pa X D5 X D6 X D7

=P | SB first
RXDi X po X b1 X p2 X D3 X D4 X D5 X De X D7
* When transfer format select bit = “1”
e L L L)L
TXDi ><D7><D6><D5><D4><D3><D2><D1><D0
= MSB first

RXDi X b7 X s X ps X pa X b3 X p2 X b1 X Do

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

Figure 2.11.13 Transfer format
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(3) Transfer clock output from multiple pins function (UART1)
This function allows the setting two transfer clock output pins and choosing one of the two to output a
clock by using the CLK and CLKS select bit (bits 4 and 5 at address 03B016). (See Figure 2.11.14)
The multiple pins function is valid only when the internal clock is selected for UART1. Note that when
this function is selected, UART1 CTS/RTS function cannot be used.

Microcomputer

TxD1 (P67)
CLKS1 (P64)
CLK1 (P65) IN IN
CLK CLK

Note: This applies when the internal clock is selected and transmission
is performed only in clock synchronous serial I/O mode.

Figure 2.11.14 The transfer clock output from the multiple pins function usage

(4) Continuous receive mode
If the continuous receive mode enable bit (bits 2 and 3 at address 03B01s, 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.

(5) Serial data logic switch function (UART2)
When the data logic select bit (bit6 at address 037Dz16) = “1”, and writing to transmit buffer register or
reading from receive buffer register, data is reversed. Figure 2.11.15 shows the example of serial
data logic switch timing.

*When LSB first

Transfer clock "H" | | | | | | | | |
wr

TxD2 “H"
(no revefse% T ‘( Do X D1 X D2 X D3 X D4 X D5 X D6 X D7 y

vz " {50 )\ 1 )\ D2 )\ 3 N 4 )\ 05 \ 06 )\ D7)

Figure 1.11.15 Serial data logic switch timing
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2.11.3 Clock asynchronous serial /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
2.11.16 shows the UARTI transmit/receive mode register.
Table 2.11.5 Specifications of UART Mode (1)

Item 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 ,03A816 ,037816 =“0") :
fi/l6(n+1) (Note 1) fi = f1, fg, f32

» When external clock is selected (bit 3 at addresses 03A016 and 03A816 = “1") :

fEXT/16(n+1) (Note 1) (Note 2) (Do not set external clock for UART2)

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, 03AD16, 037D16) = “1”

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 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, 03AD16, 037D16) = “1”

- Start bit detection

Interrupt request * When transmitting

generation timing - Transmit interrupt cause select bits (bits 0,1 at address 03B01s, bit4 at
address 037Dz16) = “0": Interrupts requested when data transfer from UARTI
transfer buffer register to UARTI transmit register is completed

- Transmit interrupt cause select bits (bits 0, 1 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

Note 1: ‘n’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.

Note 2: fEXT is input from the CLKi pin.

Note 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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Table 2.11.6 Specifications of UART Mode (2)

ltem Specification
Select function * Sleep mode selection (UARTO, UART1)
This mode is used to transfer data to and from one of multiple slave micro-
computers

« Serial data logic switch (UART2)

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 (UART2)
This function is reversing TxD port output and RxD port input. All I/O data
level is reversed.
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UARTI transmit / receive mode registers

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | UIMR(i=0,1) 03A016, 03A816 0016
P40 | Bitsymbol Bit name Function RiW
Pt smpo Serial /0 mode select bit "12‘8"8 Transfer data 7 bits lenath 0.0
Cooror e ] : Transfer data 7 bits leng ;
A SMD1 10 1: Transfer data 8 bits length 0.0
L L L SMD2 11 0: Transfer data 9 bits length (OO
e CKDIR | Internal / external clock 0 : Internal clock OEO
Vo select bit 1: External clock |
[ STPS Stop bit length select bit 0 : One stop bit |
e 1: Two stop bits Oio
- PRY Odd / even parity Valid when bit 6 = “1” !
R RRERCEECEEED select bit 0: Odd parity 00
HE 1: Even parity !
E . PRYE Parity enable bit 0 : Parity disabled O:O
v TTTTTTT T 1 : Parity enabled ‘
:L _______________________ SLEP Sleep select bit 0 : Sleep mode deselected o‘o
1: Sleep mode selected
UART2 transmit / receive mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | U2MR 037816 0016
P4 0| Bitsymbol Bit name Function RiW
Doior 11 M1_Smpo Serial /0 mode select bit "12:)“’8 Transfer data 7 bits lenath 0.0
Cooror e ] : Transfer data 7 bits leng ;
A SMD1 10 1: Transfer data 8 bits length 0.0
L EEEEEE SMD2 11 0: Transfer data 9 bits length (OO
] CKDIR Internal / external clock Must always be fixed to “0” o o
Vo select bit :
. STPS Stop bit length select bit 0 : One stop bit |
. 1: Two stop bits Oio
- PRY Odd / even parity Valid when bit 6 = *1” !
R SREROEECEEED select bit 0: Odd parity 00
P 1: Even parity |
PRYE Parity enable bit 0 : Parity disabled O:O
v TTTTTTTmmmmmmmmmmm 1 : Parity enabled ‘
e IOPOL | TxD, RxD /O polarity 0 No reverse 0o
reverse bit (Note) 1: Reverse ‘

Note: Usually set to “0”.

Figure 2.11.16 UARTI 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, P67, P70)
RxDi Serial data input Port P62, P66 and P71 direction register (bits 2 and 6 at address 03EE1s,
(P62, P66, P71) bit 1 at address 03EF16)= “0”

(Can be used as an input port when performing transmission only)

CLKi Programmable I/O port | Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = “0”

(P61, P65, P72 | 7 oncforclockinput | Internlleternalcloc select bit (ot 3 at address 034010, 03AB16) =1

Port P61, P65 direction register (bits 1 and 5 at address 03EE16) = “0”
(Do not set external clock for UART2)

CTSIi/RTSi CTS input CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) =“0"

(P60, P64, P73) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 037C16) = “0”
Port P60, P64 and P73 direction register (bits 0 and 4 at address 03EEz1s,

bit 3 at address 03EF16) = “0”

RTS output CTSIRTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = “0”
CTSIRTS function select bit (bit 2 at address 03A416, 03AC16, 037C16) = “1”

Programmable I/0 port | CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = “1”
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« 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.

Te The transfer clock starts as the transfer starts immediately CTS changes to “L".

= /
Transfer clock |||||| | ||||||||||||||| | | || ||||||

Transmit enable o J : Ii
bit(TE) o Data is set in UARTI transmit buffer register.
Transmit buffer S _U X
empty flag(Tl) ugr
Transferred from UARTI transmit buffer register to UARTI transmit register

o
CTSi |

L ]

Start Parity ~ Stop Stopped pulsing because transmit enable bit = “0”
bit bit  bit y

ol STAONOKOKONOXDHKONON Y 5 \STAPNDXOKONXDKOKON P P
Transmit register ‘1" —

empty flag (TXEPT)

Tansminterupt. ¥ o —
N P

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 enabled. fi : frequency of BRGi count source (f1, f8, 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".

« Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)

Tc

Transfer clock |||||| | | ||||||||||| | ||||||| ||||

i 1 :
girt?gér;]lt enavte “Qr _| : Data is set in UARTIi transmit buffer register | |_
. “1”
ey LT
Transferred from UARTI transmit buffer register to UARTI transmit register
Start Stop  Stop
bit bit bit
i STADKLKLKOKOKOKOKON Y 57 5P \STADN DX DX DX XXX 0 s

Transmit register ‘1
empty flag (TXEPT) w0

rm —
N /

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 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 2.11.17 Typical transmit timings in UART mode(UARTO,UART1)
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« Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)
Tc

o

Transfer clock | ||||| ||||| || |||| ||||| ||||
Transmit enable 1 -
bit(TE) 0 J Data is set in UART2 transmit buffer register
H Note
Transmit buffer " d <
empty flag(Tl) \
Transferred from UART2 transmit buffer register to UARTI transmit register

Start Parity  Stop
TxD2 bit gL

SADNDXOXOXKKDXOKP ) 5 STALKLKOX XXX OKON P 5
Transmit register 1"
empty flag (TXEPT) «p»
Transmit interrupt ~ “1"
request bit (IR)

N 7

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, f32)
« 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.

Figure 2.11.18 Typical transmit timings in UART mode(UART2)
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« Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

e (T T
source - .

“vo Y———
Receive enable bit _I
o -

______ Stop bit
{ D1 D7) [

Receive data taken in

RDi Start bit {

Sampled “L”

Transfer clock

[ S I

éecéption triggered when transfer clock ~ Transferred from UARTI receive register to

Receive “1” i§ ge]nerated by falling edge of start bit UARTI receive buffer register \ﬁ
complete flag R '

BE Rl —
Receive interrupt = «1» ;

request bit “qQr

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 2.11.19 Typical receive timing in UART mode

(1) Sleep mode (UARTO, UART1)
This mode is used to transfer data between specific microcomputers among multiple microcomputers
connected using UARTI. The sleep mode is selected when the sleep select bit (bit 7 at addresses
03A016, 03A816) 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 2.11.20 shows the ex-
ample of timing for switching serial data logic.

* When LSB first, parity enabled, one stop bit

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

(norevzfg T \ st (Do D1 D2 D3YDa) D5 D6 D7) P Jsp
(oo - \_st {0 o1 )52 |53 {5z {05 N D6 o7 P ) sp
ST : Start bit
P : Even parity
SP : Stop bit

Figure 2.11.20 Timing for switching serial data logic
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(3) TxD, RxD 1I/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.

(4) Bus collision detection function (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 2.11.21
shows the example of detection timing of a buss collision (in UART mode).

T e e NV PN e P W ul aa—
moz T\ st W e U e
woz T\ st W A

Bus collision detection ~ «»

interrupt request signal . u

Bus collision detection
interrupt request bit w0 |

K

ST : Start bit
SP : Stop bit

Figure 2.11.21 Detection timing of a bus collision (in UART mode)
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2.11.4 Clock-asynchronous serial /0 mode (compliant with the SIM interface)
The SIM interface is used for connecting the microcomputer with a memory card or the like; adding
some extra settings in UART2 clock-asynchronous serial I/O mode allows the user to effect this func-
tion. Table 2.11.8 shows the specifications of clock-asynchronous serial /O mode (compliant with the

SIM interface).
Table 2.11.8 Specifications of clock-asynchronous serial I/O mode (compliant with the SIM interface)

ltem 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 037D16 = “0").
Set transfer format to LSB (bit 7 of address 037C16 = “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 037D16 = “1")
Set transfer format to MSB (bit 7 of address 037C16 = “1")
Transfer clock * With the internal clock chosen (bit 3 of address 037816 =“0") : fi/ 16 (n + 1) (Note 1) : fi=f1, fs, f32
(Do not set external clock)
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 037D16) = “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 037D16) = “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 037D16 = “1")
* When receiving
When data transfer from the UART?2 receive register to the UART2 receive
buffer register is completed
Error detection « Qverrun error (see the specifications of clock-asynchronous serial 1/0) (Note 2)
« 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 TxDz2 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 RxDz2 pin when a transmission interrupt occurs
 The error sum flag (see the specifications of clock-asynchronous serial 1/0)

Note 1: ‘n’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.
Note 2: 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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s |
Transfer clock | || |||| ||||||| ||| |||_|U]_||_|UI_|U_|_

Transmit enable J
bit(TE) ‘0" Data is set in UART2 transmit buffer register Note
Transmit buffer E ] <

empty flag(TI) o \

Transferred from UART2 transmit buffer register to UART2 transmit register

Sé?tn Parity  Stop
bit bit

TxD2 — Ast @@@@@@@@G sp ST Do Xp:X02X0:XDXDX0 XD X P Y op

RxD2
\ A“L” level returns from TxD2 due to -7

the occurrence of a parity error.

(S,\il%rt‘:'l‘;onducmr level T N\g7 ( DK D2X DK DK DY DK DK DY P Y 'SP ST ADo XD1 XD2 XDz XD XDs XDs XD7 XP )\ SP \/ The level is

detected by the
The level is detected by the interrupt routine.
Transmit register v — interrupt routine. [

empty flag (TXEPT) .

Transmit interrupt 1
request bit (IR) g

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, f32)
« 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.

Tc
Transfer clock |||| |||| | |||| || |||| | || || ||
Receive enable 1J
bit (RE) 0 .
Start Parity  Stop
bit bit bit
RxD2 STA DoX D1 X D2X DsX D4X DsX DsX D7X P )i SP STADoXD1 X D2XDsXDaXDs X DsXD7X P SP
TxD2 / /
A “L" level returns from TxD2 due to
the occurrence of a parity error.
Signal conductor level STA DoX DX D2X DsX DaX DsX DsX D7X P Y'sp STA DoX D1 X D2X DsX DaX DsX DeXD7X P\ SP/
(Note 1)
Receive complete  “1"
flag (RI) g >
agr Read to receive buffer Read to receive buffer
Receive interrupt
request bit (IR) W

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, f32)

« One stop bit. n : value set to BRG2
« Transmit interrupt cause select bit = “0".

Note: Equal in waveform because TxD2 and RxD2 are connected.

Figure 2.11.22 Typical transmit/receive timing in UART mode (compliant with the SIM interface)

Rev. 1.0

‘ MITSUBISHI 117
AN ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER 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
2.11.23 shows the output timing of the parity error signal.

* LSB first
T LML L L L L L LT L L L
clock v
RxD2 :’ \ st (Do b1\ p2)D3)Da)D5)D6)D7) P Ysp
. :
TxD2 - Hi-Z \ /
Receive I
complete flag o
ST : Start bit
P : Even Parity
SP : Stop hit

Figure 2.11.23 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 TxD2. If you choose the inverse format, D7 data is inverted
and output from TxD2.
Figure 2.11.24 shows the SIM interface format.

Transfer || || || |||||||||

cleck

(dl:?é \__ ADo)D1)fD2)D3)D4)D5)D6fD7K P/
(inv;?(sDei \ I(EXEXFSXEX%XFZXEX%X$/

P : Even parity

Figure 2.11.24 SIM interface format
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Figure 2.11.25 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and

apply pull-up.
Microcomputer
SIM card
TxD2 .
RxD2
Figure 2.11.25 Connecting the SIM interface
Rev. 1.0
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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 2.11.26 shows the UART2 special mode register.
In the first place, the control bits related to the 12C bus(simplified I2C bus) interface are explained.

Bit 0 of the UART special mode register (037716) is used as the 12C mode selection bit.

Setting “1” in the 12C mode select bit (bit 0) goes the circuit to achieve the 12C bus interface effective.

Since this function uses clock-synchronous serial I/O mode, set this bit to “0” in UART mode.

UART?2 special mode register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
U2SMR 037716 0016
Bit Function Function |
H Bit name (During clock synchronous . RIW
symbol serial /O mode) (During UART mode) !
: IIcm 12C mode selection bit 0 : Normal mode Must always be “0”
I 1:12C mode Y O}O
ABC Arbitration lost detecting | 0 : Update per bit Must always be “0” :
P flag control bit 1: Update per byte OEO
: BBS Bus busy flag 0: STOP condition detected [ Must always be “0” 0:0
1: START condition detected !
(Note 1)
LSYN SCLL sync output 0 : Disabled Must always be “0” O§O
enable bit 1: Enabled !
ABSCS | Bus collision detect Must always be “0” 0 : Rising edge of transfer
............... sampling clock select bit clock 0.0
1 : Underflow signal of timer AO !
ACSE [ Auto clear function Must always be “0” 0 : No auto clear function
------------------- select bit of transmit 1: Auto clear at occurrence of |O:O
enable bit bus collision
Transmit start condition Must always be “0” 0 : Ordinary ‘
H select bit 1 : Falling edge of RxD2 O:O
LIS SDDS | SDA digital delay select | 0: Selects analog delay Must always be “0” :
bit output :
(Notes 2 and 3) 1: Selects digital delay o0
output (Must always
be “0” except at 12C i
mode)

UART2 special mode register 3 (12C bus exclusive register)

b7 b6 b5 b4 b3 b2 bl b0

Notes 1:
2:

w

Nothing but "0" may be written.

Do not write "1" except at | 2C mode. Must always be “0” at normal mode.

Bit 7 to bit5 (DL2 to DLO = SDA digital delay value setting bit) of UART2 special mode

register 3 (U2SMR3/address 0375 16) are initialized and become “000” when this bit is "0", analog
delay circuit is selected. Reading and writing U2SMR are enable when SDDS ="0" .

Delaying ; Only analog delay value when analog delay is selected, and only digital delay value
when digital delay is selected.

Symbol Address
U2SMR3 037516

When reset
Indeterminate

(initializing value is "0016" at SDDS = "1")

Bit
symbol

Bit name

Function
(12C bus exclusive)

Nothin

In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0". (o]

“0"is r

g is assigned.

ead out when SDDS = 1.

DLO

SDA digital delay value
set bit

DL1

DL2

b7 b6 b

&

: Selects analog delay

: 2 cycle of 1/f (Xin)(Digital delay)

: 3 cycle of 1/f (Xin)(Digital delay)

: 4 cycle of 1/f (Xin)(Digital delay)

: 5 cycle of 1/f (Xin)(Digital delay)
)
)

: 6 cycle of 1/f (Xin)(Digital delay;
: 7 cycle of 1/f (Xin)(Digital delay;
: 8 cycle of 1/f (Xin)(Digital delay)

PRPPROOOO
rORrRORORO

0
0
1
1
0
0
1
1

Notes 1:

N

w

»

Reading and writing is possible when bit7 (SDDS = SDA digital delay selection
bit) of UART2 special mode register (U2SMR/address 0377 16) is "1". When
set SDDS = "1" and read out initialized value of UART2 special mode register
3(U2SMR3), this value is "00 16".When set SDDS = "1" and write to UART2
special mode register 3(U2SMR3), set "0" to bit 0 to bit 4. When SDDS
writing is enable. When read out, this value is indeterminate.

: When SDDS ="0", this bit is initialized and become "000", selected analog
delay circuit. This bit is become "000" after end reset released, and selected
analog delay circuit. Reading out is possible when only SDDS = "1". when
SDDS ="0", value which was read out is indeterminate.

Delaying ; Only analog delay value when analog delay is selected, and only
digital delay value when digital delay is selected.

: Delay level depends on SCL pin and SDA pin. And, when use external clock,
delay is increase around 100ns. So test first, and use this.

Figure 2.11.26 UART2 special mode register
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P72/CLK2

» To DMAO, DMA1

UART2 transmission/
NACK interrupt request

» To DMAO

UART?2 reception/ACK interrupt request
DMAL1 request

Bus collision/start, stop condition detection
interrupt request

P70/TXD2/SDA
O9 i IICM=1 =
— Timer =1(SDDS=0) -
or DL=000(SDDS=1) ~ UART2 1ICM=0
Selector, o) or lICM2=1
SDDS=0 register licM=1
or DL=000 or DL=000(SDDS=1) and ICM2=0
Digital Delay ¢ SDHI
(Divier) SDDS=1 ALS
and DL=000
D Arbitration
» il lICM=0
Fier IICM=1 or llCM2=1
1ICM={
CM=0 UART2 oL
Start condition detection |— and [ICM2=0
Bus
R busy
Stop condition detection |‘
P! NACK
" L-synchronous
P! Falling edge |+— output enabling bit
detection
P71/RXD2/SCL O
1/0
O H Data bus ACK
i_o<‘l Selector (Port P71 output data latch) oth pulse
Internal clock ICM=1
UART2
= B o-SWC2 | oLk Bus collision —so
- detection licmM=0
1ICM=1 control
External clock UART?2

lICM=0

Falling of 9th pulse
swc

UART2
lICM=0

O~>—o<]—o<l— Selector o

«—— Timer

Port reading

*With IICM set to 1, the port terminal is to be readable
even if 1 is assigned to P71 of the direction register.

Figure 2.11.27 Functional block diagram for 12C mode

Table 2.11.9 Features in I12C mode

Function Normal mode 12C mode (Note 1)
. . . Start condition detection or sto|
1 | Factor of interrupt number 10 (Note 2) Bus collision detection condition detection P
2 | Factor of interrupt number 15 (Note 2) UART?2 transmission No acknowledgment detection (NACK)
3 | Factor of interrupt number 16 (Note 2) UART2 reception Acknowledgment detection (ACK)
4 | UART2 transmission output delay Not delayed Delayed
5 | P70 at the time when UART2 is in use TxD2 (output) SDA (input/output) (Note 3)
6 | P71 at the time when UART2 is in use RxD2 (input) SCL (input/output)
7 | P72 at the time when UART2 is in use CLK2 P72
DMAL factor at the time when 1 1 0 1 is assigned . .
8 | 10 the DMA request factor selection bits UART?2 reception Acknowledgment detection (ACK)
9 | Noise filter width 15ns 50ns
. Reading the terminal when 0 is Reading the terminal regardless of the
10| Reading P71 assigned to the direction register value of the direction register
11| Initial value of UART2 output H level (when 0 is assigned to The value set in latch P70 when the port is
the CLK polarity select bit) selected
Note 1: Make the settings given below when I1°C mode is in use.
Set 0 1 0in bits 2, 1, 0 of the UART2 transmission/reception mode register.
Disable the RTS/CTS function. Choose the MSB First function.
Note 2: 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.
Note 3: Set an initial value of SDA transmission output when serial 1/O is invalid.
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Figure 2.11.27 hows the functional block diagram for 12C mode. Setting “1” in the 12C mode selection
bit (ICM) causes ports P70, P71, and P72 to work as data transmission-reception terminal SDA, clock
input-output terminal SCL, and port P72 respectively. A delay circuit is added to the SDA transmission
output, so the SDA output changes after SCL fully goes to “L”. Can select analog delay or digital delay
by SDA digital delay selection bit (7 bit of address 037716). When select digital delay, can select delay
to 2 cycle to 8 cycle of f1 by UART2 special mode register 3 (address 037516) . Functions changed by
12C mode selection bit 2 is shown in below.

Table 2.11.10 Delay circuit selection condition

Register value

Contents
IICM | SDDS| DL

001 L :
Digital delay selection 1 1 2 \(/)Vr:end;se;tlzlcgg:gtal delay, analog delay is not added.
11 y dig y.

1 000 When select DL="000", analog delay is chosen
1 regardless of the value of SDDS.
When SDDS="0", DL is initialized and DL="000".

Analog delay selection

0 | (0o0)

0 0 | (000
No delay (000) But, must set SDDS="0" when IICM="0".

An attempt to read Port P71 (SCL) 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. The interrupt factors of the bus collision detection interrupt, UARTZ2 transmission interrupt,
and of UART2 reception interrupt turn to the start/stop condition detection interrupt, acknowledgment
non-detection interrupt, and acknowledgment detection interrupt respectively.

The start condition detection interrupt refers to the interrupt that occurs when the falling edge of the
SDA terminal (P70) is detected with the SCL terminal (P71) staying “H”. The stop condition detection
interrupt refers to the interrupt that occurs when the rising edge of the SDA terminal (P70) is detected
with the SCL terminal (P71) staying “H”. The bus busy flag (bit 2 of the UART2 special 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
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 1101(UART2 reception) to the DMA1 request
factor select bits provides the means to start up the DMA transfer by the effect of acknowledgment
detection.

Bit 1 of the UART?2 special mode register (037716) is used as the arbitration loss 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 detecting flag is located at bit 3 of the UART2
reception buffer register (037F16), 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. When setting this bit to “1” and updated the flag byte by byte if nonconformity is detected, the
arbitration lost detecting flag is set to “1” at the falling edge of the 9th transmission clock.

If update the flag byte by byte, must judge and clear (“0”) the arbitration lost detecting flag after com-
pleting the first byte acknowledge detect and before starting the next one byte transmission.

Bit 3 of the UART2 special mode register is used as SCL- and L-synchronous output enable bit.
Setting this bit to “1” goes the P71 data register to “0” in synchronization with the SCL terminal level
going to “L".
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Some other functions added are explained here. Figure 2.11.28 shows their workings.

Bit 4 of the UART2 special mode register is used as the bus collision detect sampling clock select bit.
The bus collision detect interrupt occurs when the RxD2 level and TxD2 level do not match, but the
nonconformity is detected in synchronization with the rising edge of the transfer clock signal if the bit
is set to “0”. If this bit is set to “1”, the nonconformity is detected at the timing of the overflow of timer AO
rather than at the rising edge of the transfer clock.

Bit 5 of the UART2 special mode register is used as the auto clear function select bit of transmit enable
bit. Setting this bit to “1” automatically resets the transmit enable bit to “0” when “1” is set in the bus
collision detect interrupt request bit (nonconformity).

Bit 6 of the UART2 special 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.

1. Bus collision detect sampling clock select bit (Bit 4 of the UART2 special mode register)

2. Auto clear function select bit of transmt enable bit (Bit 5 of the UART2 special mode register)

0: Rising edges of the transfer clock

S I e 1 s 1 s s O s O s O e O e O s O
TxD/RxD | |

T‘ 1: Timer AO overflow

Timer AO

cLK [ I O I O A O A O O O O T O O O
TXD/RXD —| | |

Bus collision
detect interrupt |

request bit >

Transmit |
enable bit

3. Transmit start condition select bit (Bit 6 of the UART2 special mode register)
0: In normal state

e L L f L L f L f L f L L1 f1Lf
1 I |

Enabling transmission

With "1: falling edge of RxD2" selected

cik I R N N S T G G G

Figure 2.11.28 Some other functions added
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2.11.6 UART2 Special Mode Register 2

UART2 special mode register 2 (address 037616) is used to further control UART2 in 12C mode. Figure
2.11.29 shows the UART2 special mode register 2.

UART?2 special mode register 2

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
U2SMR2 037616 0016

Bit . .
syrrl1bol Bit name Function R
lICM2 | 12C mode selection bit 2 | Refer to Table 2.11.11 o !
CsC Clock-synchronous bit 0 : Disabled
1: Enabled o
SwC SCL wait output bit 0 : Disabled
1: Enabled o !
ALS SDA output stop bit 0 : Disabled
1: Enabled o !
STAC |UARTZ initialization bit | 0 : Disabled o
1: Enabled
SWC2 [ SCL wait output bit 2 0: UART2 clock o
1: 0 output
SDHI | SDA output disable bit 0: Enabled o
1: Disabled (high impedance)
SHTC | Start/stop condition Set this bit to "1" in 12C mode o
control bit (refer to Table 2.11.12)

Figure 2.11.29 UART2 special mode register 2
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Bit 0 of the UART2 special mode register 2 (address 037616) is used as the I2C mode selection bit 2.
Table 2.11.11 shows the types of control to be changed by 12C mode selection bit 2 when the 12C
mode selection bit is set to "1". Table 2.11.12 shows the timing characteristics of detecting the start
condition and the stop condition. Set the start/stop condition control bit (bit 7 of UART2 special mode

register 2) to "1" in 12C mode.

Table 2.11.11 Functions changed by I12C mode selection bit 2

Function

IICM2=0

IICM2 =1

1 |Factor of interrupt number 15

No acknowledgment detection (NACK)

UART?2 transmission (the rising edge
of the final bit of the clock)

2 |Factor of interrupt number 16

Acknowledgment detection (ACK)

UART2 reception (the falling edge
of the final bit of the clock)

3 | DMAL1 factor at the time when 110 1
is assigned to the DMA request
factor selection bits

Acknowledgment detection (ACK)

UART?2 reception (the falling edge of
the final bit of the clock)

4 [Timing for transferring data from the
UART2 reception shift register to the
reception buffer.

The rising edge of the final bit of the
reception clock

The falling edge of the final bit of the
reception clock

5 | Timing for generating a UART2
reception/ACK interrupt request

The rising edge of the final bit of the
reception clock

The falling edge of the final bit of the
reception clock

Table 2.11.12 Timing characteristics of detecting the start condition and the stop condition(Notel)

3 to 6 cycles < duration for setting-up (Note2)

3 to 6 cycles < duration for holding (Note2)

Note 1 : When the start/stop condition count bit is "1" .
Note 2 : "cycles" is in terms of the input oscillation frequency f(XIN) of the main clock.

Duration for Duration for

ELECTRIC

' settihngup holding !

SCL E
SDA ; : i
(Start condition) :
SDA ' :
(Stop condition) ' |
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P70/TXD2/SDA

P71/RXD2/SCL

N  L-synchronous 1
4 Falling edge output enabling bit
detection

!
/o n Data bus

Selector (Port P71 output data latch)

9th pulse|

ACK

» To DMAO, DMAL
O ! 1ICM=1(SDDS=0)
Sel Timer or DL=000(SDDS=1) ~ UART2 ”CI’;":’azil UART2 transmission/
electorl, 1o E—— or licM2= NACK interrupt request
UART2 »
SDDS=0 register licM=1
or DL=000 or DL=000(SDDS=1) and lICM2=0
Digital Delay SDHI
ove)  [gpdsy < ALS
and DL=000
o o Arbitration > ToDMAO
.
> lICM=1 Ic;rcn/lc_r\(/)lz:l UART?2 reception/ACK interrupt request
- - DMAL request
N Reception register
IICM=0
| UART2 o
Start condition detection I— and lICM2=0
Bus
I R busy
| Stop condition detection |>
NACK

P72/CLK2

icmM=1 Bus collision/start, stop condition detection
interrupt request

T

UART?2 E Internal clock

licM=1 oSWE2 | oLk

IICM=1 control

Bus collision —»o
detection IICM=0
UART2

External clock

1ICM=0 Falling of 9th pulse

swc

Port reading

*With IICM set to 1, the port terminal is to be readable
even if 1 is assigned to P71 of the direction register.

UART2
IICM=0

O<>—o<}—o<l— Selector o

+—— Timer

Figure 2.11.30 Functional block diagram for 12C mode

Functions available in 12C mode are shown in Figure 2.11.30— a functional block diagram.

Bit 3 of the UART2 special mode register 2 (address 037616) is used as the SDA output stop bit.
Setting this bit to "1" causes an arbitration loss to occur, and the SDA pin turns to high-impedance
state the instant when the arbitration loss detection flag is set to "1".

Bit 1 of the UART2 special mode register 2 (address 036716) is used as the clock synchronization bit.
With this bit set to "1" at the time when the internal SCL is set to "H", the internal SCL turns to "L" if the
falling edge is found in the SCL pin; and the baud rate generator reloads the set value, and start
counting within the "L" interval. When the internal SCL changes from "L" to "H" with the SCL pin set to
"L", stops counting the baud rate generator, and starts counting it again when the SCL pin turns to "H".
Due to this function, the UART2 transmission-reception clock becomes the logical product of the
signal flowing through the internal SCL and that flowing through the SCL pin. This function operates
over the period from the moment earlier by a half cycle than falling edge of the UART2 first clock to the
rising edge of the ninth bit. To use this function, choose the internal clock for the transfer clock.

Bit 2 of the UART2 special mode register 2 (037616) is used as the SCL wait output bit. Setting this bit
to "1" causes the SCL pin to be fixed to "L" at the falling edge of the ninth bit of the clock. Setting this
bit to "0" frees the output fixed to "L".
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Bit 4 of the UART2 special mode register 2 (address 037616) is used as the UART?2 initialization bit.

Setting this bit to "1", and when the start condition is detected, the microcomputer operates as follows.

(1) The transmission shift register is initialized, and the content of the transmission register is trans-
ferred to the transmission shift register. This starts transmission by dealing with the clock entered
next as the first bit. The UART2 output value, however, doesn’'t change until the first bit data is
output after the entrance of the clock, and remains unchanged from the value at the moment when
the microcomputer detected the start condition.

(2) The reception shift register is initialized, and the microcomputer starts reception by dealing with the
clock entered next as the first bit.

(3) The SCL wait output bit turns to "1". This turns the SCL pin to "L" at the falling edge of the ninth bit
of the clock.

Starting to transmit/receive signals to/from UART?2 using this function doesn’t change the value of the
transmission buffer empty flag. To use this function, choose the external clock for the transfer clock.
Bit 5 of the UART2 special mode register 2 (037616) is used as the SCL pin wait output bit 2. Setting
this bit to "1" with the serial I/O specified allows the user to forcibly output an "L" from the SCL pin even
if UARTZ2 is in operation. Setting this bit to "0" frees the "L" output from the SCL pin, and the UART2
clock is input/output.

Bit 6 of the UART2 special mode register 2 (037616) is used as the SDA output enable bit. Setting this
bit to "1" forces the SDA pin to turn to the high-impedance state. Refrain from changing the value of
this bit at the rising edge of the UART2 transfer clock. There can be instances in which arbitration lost
detection flag is turned on.
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2.11.7S1/03, 4

S 1/03 and S 1/04 are exclusive clock-synchronous serial I/0s.
Figure 2.11.31 shows the S /03, 4 block diagram, and Figure 2.11.32 shows the S 1/03, 4 control
register.Table 2.11.13 shows the specifications of S 1/03, 4.

Data bus

(P9e/SouTa)

f1 —0\0—1 SMil
SMio
f3a—=o
Synchronous .
\ °7 circuit 12 L(ni+1)
SMi3 Transfer rate register (8)
SMi6 SMi6
P90/CLK3 - |
( )_. -—— S I/O counter i (3)
(P95/CLK4) /\L | I
SMi2
SMi3
P92/SouT3 O M| sMisLsB-—s=MsB

Y

P91/SIN3 O |
(P97/SINg)

S I/Oi transmission/reception register (8) }J

Note: i =3, 4.

A 8

ni = A value set in the S I/O transfer rate register i (036316, 036716).

- S1/Oi
interrupt request

Figure 2.11.31 S 1/03, 4 block diagram
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S 1/Oi control register (i = 3, 4) (Note 1)

b7 b6 bS5 b4 b3 b2 bl b0

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

| Symbol Address When reset

A L VN SiC 036216, 036616 4016

Bit Bit name Description

p i1 1 i1 1 1| symbol R'W
R . b1 b0 ‘
¢+ 0 4 1 1 +] SMi0 [Internal synchronous 00 : Selecting f1 00
A clock select bit 01 : Selecting fs

' : : ' L_ SMil 1 0: Selecting f32 o0
A 11 : Not to be used

A SMi2 | Souri output disable bit | 0: Souti output Ol0
A 1 : Sourti output disable(high impedance)

E , : R SMi3 | S I/Oi port select bit 0 : Input-output port 00
R (Note 2) 1:

L] SMi5 | Transfer direction lect bit | O : LSB first 00
, 1: MSB first
. ] SMi6 | Synchronous clock 0 : External clock 00
' select bit (Note 2) 1: Internal clock
E_ _______________________ SMi7 | Sourti initial value Effective when SMi3 =0
set bit 0 : L output 00

Souti output, CLK function

1: H output !
Note 1: Set "1" in bit 2 of the protection register (000A16) in advance to write to the
S 1/Qi control register (i = 3, 4).
Note 2: When using the port as an input/output port by setting the SI/Oi port
select bit (i = 3, 4) to "1", be sure to set the sync clock select bit to "1".

SI/Oi bit rate generator

b7 bo Symbol Address When reset
S3BRG 036316 Indeterminate
T S4BRG 036716 Indeterminate
Indeterminate Values that can be set | R W
e eeeeenene Assuming that set value = n, BRGi divides the count 0016 to FF16 e
sourcebyn+1 1

SI/Oi transmit/receive register

b7 bo Symbol Address When reset
S3TRR 036016 Indeterminate
T S4ATRR 036416 Indeterminate
Indeterminate R'W
e eemnene Transmission/reception starts by writing data to this register. O o
After transmission/reception finishes, reception data is input. |

Figure 2.11.32 S 1/03, 4 related register
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Table 2.11.13 Specifications of S 1/03, 4

Item Specifications
Transfer data format | « Transfer data length: 8 bits
Transfer clock  With the internal clock selected (bit 6 of 036216, 036616 = “1"): f1/2(ni+1),

f8/2(ni+1), f32/2(ni+1) (Note 1)
« With the external clock selected (bit 6 of 036216, 036616 = 0):Input from the CLKi terminal (Note 2)

Conditions for * To start transmit/reception, the following requirements must be met:
transmission/ - Select the synchronous clock (use bit 6 of 036216, 036616).
reception start Select a frequency dividing ratio if the internal clock has been selected (use bits

0 and 1 of 036216, 036616).

- Souri initial value set bit (use bit 7 of 036216, 036616)= 1.

- S 1/QOi port select bit (bit 3 of 036216, 036616) = 1.

- Select the transfer direction (use bit 5 of 036216, 036616)

-Write transfer data to SI/Oi transmit/receive register (036016, 036416)
» To use S I/QOi interrupts, the following requirements must be met:

- Clear the SI/Qi interrupt request bit before writing transfer data to the SI/Oi

transmit/receive register (bit 3 of 004916, 004816) = 0.

Interrupt request | ¢ Rising edge of the last transfer clock. (Note 3)
generation timing
Select function  LSB first or MSB first selection

Whether transmission/reception begins with bit 0 (LSB) or bit 7 (MSB) can be

selected.
* Function for setting an SouTi initial value selection

When using an external clock for the transfer clock, the user can choose the

SouTi pin output level during a non-transfer time. For details on how to set, see

Figure 2.11.33.
Precaution * Unlike UARTO0-2, SI/QOi (i = 3, 4) is not divided for transfer register and buffer.
Therefore, do not write the next transfer data to the SI/Oi transmit/receive register
(addresses 036016, 036416) during a transfer. When the internal clock is selected
for the transfer clock, SouTi holds the last data for a 1/2 transfer clock period after
it finished transferring and then goes to a high-impedance state. However, if the
transfer data is written to the SI/Oi transmit/receive register (addresses 036016,
036416) during this time, SourTi is placed in the high-impedance state immediately
upon writing and the data hold time is thereby reduced.

Note 1: n is a value from 0016 through FF16 set in the S I/Oi transfer rate register (i = 3, 4).
Note 2: With the external clock selected:

-Before data can be written to the SI/Oi transmit/receive register (addresses 036016, 036416), the

CLKi pin input must be in the low state. Also, before rewriting the SI/Oi Control Register (addresses
036216, 036616)’s bit 7 (SouTi initial value set bit), make sure the CLKi pin input is held low.

» The S I/Oi circuit keeps on with the shift operation as long as the synchronous clock is entered in it,
so stop the synchronous clock at the instant when it counts to eight. The internal clock, if selected,
automatically stops.

Note 3: If the internal clock is used for the synchronous clock, the transfer clock signal stops at the “H” state.
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(1) Functions for setting an Souri initial value
When using an external clock for the transfer clock, the SouTi pin output level during a non-transfer
time can be set to the high or the low state. Figure 2.11.33 shows the timing chart for setting an Souri
initial value and how to set it.

(Example) With “H” selected for SOUTi:

Signal written to the S 1/Oi
transmission/reception
register

‘ S 1/0i port select bit SMi3 = 0
‘ v

Souri initial value select bit
SMi7 =1
(Souri: Internal = “H” level)

Y

1

1

1

1 S 1/Oi port select bit
: SMi3=0—>1
1

1

1

|

SourTi's initial value
set bit (SMi7)

S I/Oi port select bit
(SMi3)

(Port select: Normal port = SouTi)

§ = !

Souri (internal) Sourti terminal = “H” output

|
L v
| |
Portoutput | X'/ bo Signal written to the S 1/Oi register
: =L —> H —> L
| (Falling edge)

Souri terminal output

1 Initial value = “H” (Note)

i=3,4) A \Z
Setting the SouTi  Port selection ¢
initial value to H  (normal port = Souri)

SouTi terminal = Outputting
stored data in the S 1/Oi transmission/
Note: The set value is output only when the external clock has been selected. When reception register

initializing SouTi, make sure the CLKi pin input is held “L” level.
If the internal clock has been selected or if SOuT output disable has been set,
this output goes to the high-impedance state.

Figure 2.11.33 Timing chart for setting SouTi’s initial value and how to set it

(2) S I/0i operation timing
Figure 2.11.34 shows the S I/Oi operation timing

1.5 cycle (max)
B —

He . [
Sl/Oiinternal clock  « | | | | | | | | | | | | | | | | | |I |
Transfer clock "H” I
(Note 1) L : I |
Signal written to the H" | I
S I/Oi register L —,_I | f
| : Note2
S I/Oi output  SOUTi e Hiz ; Hiz
o o D1 Dz ] X s X i X 5 X b6 X b7 =
SuOiinput siniH
iinpu o X X X X X X X X

(i=3,4)

SI/Oi interrupt request " |
bit (=3, 4) Q"

Note 1: With the internal clock selected for the transfer clock, the frequency dividing ratio can be selected using bits 0 and 1 of the S I/Oi control register.
(i=3,4) (No frequency division, 8-division frequency, 32-division frequency.)

Note 2: With the internal clock selected for the transfer clock, the SOUTi pin becomes to the high-impedance state after the transfer finishes.

Note 3: Shown above is the case where the SOUTI (i = 3, 4) port select bit ="1".

Figure 22.11.34 S 1/Oi operation timing chart
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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 P10o to P107, P95, and P96 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 input pin (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 and 2.12.3 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)

0V to Avcc (Vce)

Operating clock @D (Note 2)

faD/divide-by-2 of faD/divide-by-4 of faD, faAD=f(XIN)

Resolution 8-bit
Absolute precision * Without sample and hold function
+3LSB
» With sample and hold function
+2L.SB

Operating modes

One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
and repeat sweep mode 1

Analog input pins

8pins (ANo to AN7) + 2pins (ANEXO0 and ANEX1)

A-D conversion start condition

« Software trigger
A-D conversion starts when the A-D conversion start flag changes to “1”
« External trigger (can be retriggered)
A-D conversion starts when the A-D conversion start flag is “1” and the
ADTRG/P97 input changes from “H” to “L”

Conversion speed per pin

* Without sample and hold function
49 @D cycles
 With sample and hold function

28 @D cycles

Note 1: Does not depend on use of sample and hold function.
Note 2: Without sample and hold function, set the gaD frequency to 250kHz min.
With the sample and hold function, set the ¢D frequency to IMHz min.
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CKS1=1
@)
fAD RSLEION ~O———— = @QAD
077‘ 1/2 }—l—{ 1/2 }mo cksi=o A-D conversion rate
selection
VREF O———
V%”:O Resistor ladder
2o
Aves O ok kA 1
VCUT=1
HEEEEEENEE.
-
Successive conversion register
A-D control register 1 (address 03D716)
A-D control register 0 (address 03D616)
Addresses ' '
(03C016) A-D register 0(8) g
(03C216) A-D register 1(8) —
(03C410) A-D register 2(8) Vief
(03C616) A-D register 3(8) — Decoder
(03C816) A-D register 4(8) g
(03CA16) A-D register 5(8) -
(03CCs) A-D register 6(8) - vin  Comparator
(03CEzs) A-D register 7(8)
S Data bus S
ANo () CH2,CH1,CHO=000 3~
AN1 (O CH2,CH1,CHO=001 3~
AN2 (O CH2,CH1,CHO=010 S~
AN3 O CH2,CH1,CHO=011 3~ OPA1,0PA0=0,0
5 O\O—«
ANa (O CH2,CH1,CHO=100 S~
ANs (O CH2,CH1,CHO=101 S~
ANs (O CH2,CH1,.CHO=110 S~
AN7 (O CH2,CHL,CHO=111 S~
OPA1, OPAO
0 0: Normal operation
- 0 1:ANEXO0
OPA1,0PA0=1,1
OPA0=1 T\“ 1 0:ANEX1
ANEX0 O \O O\O—« 1 1:External op-amp mode
OPA1,0PA0=0,1
ANEX1 O oo
OPA1=1

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
[T 1] ] ]]]| Aocono 03D616  00000XXX2
v v v v 1| Bitsymbol Bit name Function RIW
A 2o |
e CHO Analog input pin select bit [ 000 : ANo is selected 00
T R T R 00 1:ANz1is selected .
; ' ' ' ' ' ' 010:AN2is selected |
e CH1 011:ANz3is selected 0.0
ooror 100:AN4is selected !
N 101:ANsis selected '
R S T T, CH2 110:ANsis selected 0.0
111:AN7is selected (Note 2) 1
R T ) b4 b3 :
S MDO A-D operation mode 00 : One-shot mode 00
Voo select bit 0 0 1: Repeat mode |
10: Single sweep mode
[ GEREEEELELE MD1 11 : Repeat sweep mode 0 fe}
I Repeat sweep mode 1 (Note 2) !
R TRG Trigger select bit 0 : Software trigger ofo
P 1 : ADTRG trigger |
b ADST | A-D conversion start flag | 0 : A-D conversion disabled 00
1 : A-D conversion started
_______________________ CKSO Frequency select bit 0 0 : fan/4 is selected OiO
1:fAD/2 is selected !

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.

Note 2: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note)

b7 b6 BS b4 b3 b2 bl bO Symbol Address When reset
| | | | |0 | ADCON1 03D716 0016

¢+ o4 1| Bit symbol Bit name Function RIW
A-D sweep pin select bit | When single sweep and repeat sweep

[ mode 0 are selected |

HE SCANO b1 b0 oo
T R 0 0: ANo, AN1 (2 pins) !
A R A 0 1: ANo to AN3 (4 pins) !
R - R 1 0: ANo to AN5 (6 pins) !
R 11 : ANo to AN7 (8 pins) ‘
V\{Jt;s)n repeat sweep mode 1 is selected
A SCANL 00: ANo (1 pin) [ofe
T 01: ANo, AN1 (2 pins) !
A 1 0: ANo to AN2 (3 pins) !
T 11 : ANo to AN3 (4 pins) !
A-D operation mode 0 : Any mode other than repeat sweep |
e MD2 | select bit 1 mode 1 0:0
Cooron 1: Repeat sweep mode 1

E ' ' ' eoeenneend Reserved bit Must always be set to "0" ofo
S S cKks1 | Frequency select bit 1 0 : fAD/2 o fAD/4 s selected O o
HE 1:faD is selected !

[ T S VCUT Vref connect bit 0 : Vref not connected 00
. 1 : Vref connected !
v Ext | op- b7 b6 i

v TTTTTTTTTR OPAQ c:ner}\:?;i;)r?r:?dpe bit 00 : ANEXO0 and ANEX1 are not used o0
01 : ANEXO input is A-D converted ‘
bommmmmmmmmmmmmmmm e OPA1 10: ANEX1 input is A-D converted 00

11 : External op-amp connection mode

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.

Figure 2.12.2 A-D converter-related registers (1)
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A-D control register 2 (Note)

Nothing is assigned.

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

be “0". 1

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

0 | 0 | 0| | ADCON2 03D416 0000XXX02
¢ | Bitsymbol Bit name Function R:W
. SMP A-D con.version method 0: W!thout sample and hold 00
- select bit 1 : With sample and hold !
e Reserved bit Always set to “0” OEO

. . Symbol Address When reset
A-D register i ADI(i=0 to 7) 03C016,03C216,03C416,03C615, Indeterminate
03C816,03CA16,03CC16,03CE16
b7 bo
Function RIW
R R R LR LR Eight bits of A-D conversion result 01X

Figure 2.12.3 A-D converter-related registers (2)
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(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
conversion. Table 2.12.2 shows the specifications of one-shot mode. Figure 2.12.4 shows the A-D
control register in one-shot mode.

Table 2.12.2 One-shot mode specifications

Item

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

when external trigger is selected)
* Writing “0” to A-D conversion start flag

* End of A-D conversion (A-D conversion start flag changes to “0”, except

Interrupt request generation timing

End of A-D conversion

Input pin

One of ANo to AN7, as selected

Reading of result of A-D converter

Read A-D register corresponding to selected pin

b7 b6 bS5 b4 b3 b2

ofo

A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2

1 ofo

b bo Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function RfW
P Analog input pin select | %% ) |
b CHO bi 000 : ANo is selected [e)e]
' it 00 1:AN1is selected I
010:AN2is selected ;
----- CH1 011:AN3is selected O;O
100:AN4is selected :
10 1:ANsis selected !
...... CH2 110: ANsis selected [e){e}
111:AN7is selected (Note 2)
_____ MDO " : b4 b3 00
AD opgratlon mode 00 : One-shot mode (Note 2) ——
----- MD1 select bit 0 [e}{e}
_____ TRG Trigger select bit 0 Software.tngger OEO
1 : ADTRG trigger
_____ ADST A-D conversion start flag | 0 : A-D conversion disabled O:O
1: A-D conversion started
...... CKSO0 Frequency select bit 0 | 0: fAD/4 is selected 00
1: faD/2 is selected !

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.
Note 2: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note)

bl b0 Symbol Address When reset
ADCON1 03D716 0016

b Bt symbol Bit name Function RIW
SCANO |A-D sweep pin Invalid in one-shot mode 00
select bit —
SCAN1 (e}{e}
MD2 A-D operation mode 0 : Any mode other than repeat sweep oio

select bit 1 mode 1 !
Reserved bit Must always be set to "0". OEO
CKs1 Frequency select bitl 0: fAD/_Z or fap/4 is selected 0:0

1: fapis selected |
VCUT Vref connect bit 1 : Vref connected OEO

b7 b6 |
""" opap  |External op-amp 00 : ANEXO and ANEX1 are not used 0,0
connection mode bit 01: ANEXO input is A-D converted —

_____ 10 : ANEX1 input is A-D converted |
OPAL 11 : External op-amp connection mode O:O

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

Figure 2.12.4 A-D conversion register in one-shot mode
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(2) Repeat mode

In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conver-
sion. Table 2.12.3 shows the specifications of repeat mode. Figure 2.12.5 shows 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 AN7, as selected

Reading of result of A-D converter

Read A-D register corresponding to selected pin

of1

A-D control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

1 0fo0

Symbol Address When reset
ADCONO 03D616 00000XXX2

i |_Bit symbol Bit name Function R
' . . b2 b1 b0 |

t]  cHo |Analoginputpin 000: ANo is selected feYle)
select bit 00 1:AN1is selected :
01 0:ANzis selected !

- CH1 011:AN3is selected o}ie]
100:AN4is selected i
101:ANsis selected ]

_____ CH2 110:ANsis selected 0.0
111:AN7is selected (Note 2) '

MDO | A-D operation mode ‘ST . Reneat mod Note 2 0.0

MD1 select bit 0 - Repeat mode (Note 2) OO

_____ TRG Trigger select bit 0 : Software trigger 0.0
1 : ADTRG trigger )

_____ 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 !

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion

result is indeterminate.

Note 2: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function RIW
SCANO A-D sweep pin select bit | Invalid in repeat mode 0.0
Lo scani oo
MD2 A-D operation mode 0 : Any mode other than repeat sweep mode 1 |0!O
select bit 1 |
""" Reserved bit Must always be set to "0". OEO
----- CKS1 Frequency select bit 1 0: fAD/2 or faD/4 is selected 00
1 : fap is selected !
""" VCUT Vref connect bit 1 : Vref connected [e}{e]
_____ External op-am o706
OPAD op-amp 00 : ANEXO and ANEX1 are not used o0
connection mode bit ) . 1
0 1: ANEXO input is A-D converted ——
_____ OPA1 10 : ANEX1 input is A-D converted 00
11 : External op-amp connection mode !

Note: If the A-D control register is rewritten during A-D conversion, the conversion

result is indeterminate.

Figure 2.12.5 A-D conversion register in repeat mode
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(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. Figure 2.12.6 shows the
A-D control register in single sweep mode.
Table 2.12.4 Single sweep mode specifications

ltem 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 (A-D conversion start flag changes to “0”, except

when external trigger is selected)
* Writing “0” to A-D conversion start flag
Interrupt request generation timing | End of A-D conversion
Input pin ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 (8 pins)
Reading of result of A-D converter | Read A-D register corresponding to selected pin

A-D control register 0 (Note)

b7 b6 b5 ba b3 b2 bl _bo Symbol Address When reset
110 ADCONO 03D616 00000XXX2
¢ o1 1| Bitsymbol Bit name Function RW
i . ' . . . . . CHO Analog input pin select bit | Invalid in single sweep mode o) o
Pl bl e ol o0
A CcH2 oo
B . 00
! MDO A-D operation mode 10 : Single sweep mode :
: select bit 0 —
! MD1 O.0
: TRG Trigger select bit 0 : Software trigger [oXe)
H 1 : ADTRG trigger '
H ADST A-D conversion start flag | 0 : A-D conversion disabled o O
E 1: A-D conversion started :
] CKS0 Fbequency select bit 0 0 : faD/4 is selected 00
1: fap/2 is selected :

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

A-D control register 1 (Note 1)

b7 b6 bS5 b4 b3 b2 bl bo

1 0 Symbol Address When reset
0 ADCON1 03D716 0016
1 [ Bit symbol Bit name Function R'W
: . A-D sweep pin select bit | When single sweep and repeat sweep mode 0 i
' ¢ .1 SCANO [e){e]
: : arg 0selected !
Voo 00 : ANo, AN1 (2 pins) ——
R - R R 0 1: ANo to AN3 (4 pins) i
[ B SCAN1 10 ANo to AN (6 pins) 0:0
R 11 : ANo to AN7 (8 pins) |
T A-D operati : !
A MD2 pgra ion mode 0 : Any mode other than repeat sweep mode 1 [eXe)
H select bit 1 '
S Reserved bit Must always be set to "0". 00
T CKS1 Frequency select bit 1 0 : fap/2 or fap/4 is selected oo
oo 1 : faD is selected ‘
s vCuT Vref connect bit 1 : Vref connected 0.0
. b7 b6 |
PoTmemrmemememnes opao | External °p'amdp 00: ANEXO0 and ANEX1 are not used 0.0
; ;2”(:;2202”) mode 01 : ANEXO input is A-D converted
_______________________ i X ) ) ;
OPAL 10:ANEX1 inputis A-D convgrted 00
11 : External op-amp connection mode '

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result
isindeterminate.
Note 2: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit.

Figure 2.12.6 A-D conversion register in single sweep mode
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(4) Repeat sweep mode 0
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. Figure 2.12.7
shows the A-D control register in repeat sweep mode 0.

Table 2.12.5 Repeat sweep mode 0 specifications

Iltem 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 AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 (8 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 b6 5 b4 b3 b2 bl b0 Symbol Address  When reset

i 1]1 ADCONO 03D616 00000XXX2
o ¢+ + 1+ 1| Bitsymbol Bit name Function RW
i i : i i :.. CHO Analog input pin select bit | Invalid in repeat sweep mode 0 00
P P cHL 00
bbb e CH2 00
EEEE . =
L MDO A-D operation mode 11 : Repeat sweep mode 0 o0
N select bit 0
Por oy e MD1 0.0
S TRG Trigger select bit 0 : Software trigger 00
Vo 1 : ADTRG trigger
E R ADST A-D conversion start flag | 0 : A-D conversion disabled 00
! 1 : A-D conversion started
] CKSO Frequency select bit 0 0 : fap/4 is selected 00

[N

- fap/2 is selected
Note: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

A-D control register 1 (Note 1)

b7 b6 bS5 b4 b3 b2 bl b0

| | | 1 | | 0 | 0 | | | Symbol Address When reset
ADCON1 03D716 0016
Cor o 1| Bit symbol Bit name Function R'W
Voo A-D sweep pin select bit | When single sweep and repeat sweep mode 0
Vo Vo SCANO are selected 0.0
Vo Vo 00 : ANo, AN1 (2 pins) —
H N 01 : ANo to AN3 (4 pins)
N ' SCANL 10 : ANo to AN (6 pins) 0.0
o : 11 : ANo to AN7 (8 pins)
' . ' [ MD2 A-D operation mode 0: Any mode other than repeat sweep mode 1 |5 o
o select bit 1
: ' R Reserved bit Must always be set to "0". (e){e]
A CKs1 Frequency selectbit1 | O fAD/2 or fap/4 is selected 00
o 1:faD is selected
e vcuT Vref connect bit 1: Vref connected (o){¢]
- b7 b6
PoRmmmemmmnmeeoeeeee opao | External opame 00 : ANEX0 and ANEX1 are not used o0
: Ef’t””Nect“Oz” mode 01: ANEXO input is A-D converted L]
] OPAL it (Note 2) 10 : ANEX1 input is A-D converted 00
11: External op-amp connection mode

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.
Note 2: Neither “01" nor “10” can be selected with the external op-amp connection mode bit.

Figure 2.12.7 A-D conversion register in repeat sweep mode 0
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(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 se-
lected using the A-D sweep pin select bit. Table 2.12.6 shows the specifications of repeat sweep
mode 1. Figure 2.12.8 shows the A-D control register in repeat sweep mode 1.

Table 2.12.6 Repeat sweep mode 1 specifications

Item 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— AN1— ANo— AN2— ANo— ANS, 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 AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3 (4 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)

e Symbol Address When reset
. 1)1 ADCONO 03D616 00000XXX2
i+ 4+ 4+ v Bitsymbol Bit name Function RW
. . ' . . . . . CHO Analog input pin select bit [ Invalid in repeat sweep mode 1 oio
e ©.°
enenees CH2 0.0
. Lo - b3 !
P P MDO | A-D operation mode 11: Repeat sweep mode 1 0.0
N select bit 0 '
Do e MD1 [o)e}
e TRG | Trigger select bit 0: Software trigger o0
H 1 : ADTRG trigger !
R ADST A-D conversion start flag | 0 : A-D conversion disabled o O
! 1: A-D conversion started '
] CKSO0 Frequency select bit 0 0:faD/4 is selected oo
1 : fap/2 is selected .

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

A-D control register 1 (Note 1)

b7 b6 bS5 b4 b3 b2 bl bO

| | | ll | o | 1| | | Symbol Address When reset
ADCON1 03D716 0016
Vo ¢4 11 1| Bit symbol Bit name Function RIW
[ '_ SCANO A-D sweep pin select bit | When repeat sweep mode 1 is selected o O
R b1 b0 !
N 00 : ANo (1 pin) '
. 01 : ANo, AN1 (2 pins) !
O SCAN1 10: ANo to AN2 (3 pins) 00
e 11 : ANo to AN3 (4 pins) '
H [ MD2 A-D opgration mode 1 : Repeat sweep mode 1 o O
HE H select bit 1 |
T Reserved bit Must always be set to "0". o0
T S CcKs1 | Frequency selectbit1 | O : fAD/2 or fap/4 is selected o0
Lo 1:fap is selected |
P e vCuT Vref connect bit 1 : Vref connected 0:0
. b7 b6 ]
LT OPA0 | External op-amp 00 : ANEXO and ANEX1 are not used o}{e}
! c9nnect|0n mode 0 1: ANEXO input is A-D converted ——
e OPA1 bit (Note 2) 10 : ANEX1 input is A-D converted oo
11 : External op-amp connection mode i

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.
Note 2: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit.

Figure 2.12.8 A-D conversion register in repeat sweep mode 1
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(a) 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 fab
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.

(b) Extended analog input pins
In one-shot mode and repeat mode, the input via the extended analog input pins ANEXO and ANEX1
can also be converted from analog to digital.
When bit 6 of the A-D control register 1 (address 03D716) is “1” and bit 7 is “0”, input via ANEXO is
converted from analog to digital. The result of conversion is stored in A-D register 0.
When bit 6 of the A-D control register 1 (address 03D716) is “0” and bit 7 is “1”, input via ANEX1 is
converted from analog to digital. The result of conversion is stored in A-D register 1.

(c) External operation amp connection mode

In this mode, multiple external analog inputs via the extended analog input pins, ANEX0 and ANEX1,
can be amplified together by just one operation amp and used as the input for A-D conversion.
When bit 6 of the A-D control register 1 (address 03D716) is “1” and bit 7 is “1”, input via ANo to AN7
is output from ANEXO. The input from ANEX1 is converted from analog to digital and the result stored
in the corresponding A-D register. The speed of A-D conversion depends on the response of the
external operation amp. Do not connect the ANEXO and ANEX1 pins directly. Figure 2.12.9 is an
example of how to connect the pins in external operation amp mode.

Resistor ladder

AAAAAAALAAAA

|
[

Successive conversion register

ANo O 0 —0—
AN1 O———0—0—
AN2 O O —0—
Analog AN3 O———O0 —0—1
input AN4 O 00—
AN5 O———0—0—
ANe6 O 0 —0—
AN7 O———F—0—0—

O

ANEX\(;
~ ]

| ANEXL
Comparator
External op-amp
Figure 2.12.9 Example of external op-amp connection mode
Rev. 1.0
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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 D-A control register. Figure 2.13.3 shows the D-A converter
equivalent circuit.

Table 2.13.1 Performance of D-A converter

Iltem 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)

l D-A0 output enable bit

R-2R resistor ladder 40/0—0 P93/DA0

D-A registerl (8) (Address 03DA16)
l D-A1 output enable bit
R-2R resistor ladder 40/0—0 P94/DA1

Figure 2.13.1 Block diagram of D-A converter
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D-A control register

1 : Output enabled

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
W—.—L—' DACON 03DC16 0016
Bit symbol Bit name Function RIW,
i DAOE D-AO0 output enable bit 0 : Output disabled OEO

DALE D-A1 output enable bit 0 : Output disabled 00
T 1: Output enabled

Nothing is assigned. _3
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”|

D-A register
Symbol Address When reset
o7 b°| DAi(i=0,1)  03D816 03DA16 Indeterminate
Function R'W,
:L ____________ Output value of D-A conversion (e} (o]

Figure 2.13.2 D-A control register

D-AO0 output enable bit

g

o R R R R R R R 2R
oa0 O—\\\—0—0
o
2R 2R
LSB

D-AO register0

s L TOTO _____

VREF O

Note 1: The above diagram shows an instance in which the D-A register is assigned 2A16.

Note 2: The same circuit as this is also used for D-Al.

Note 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 2.13.3 D-A converter equivalent circuit
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2.14 CRC Calculation Circuit
The Cyclic Redundancy Check (CRC) calculation circuit detects an error in data blocks. The microcom-
puter uses a generator polynomial of CRC_CCITT (X16 + X12 + X5 + 1) to generate CRC code.
The CRC code is a 16-bit code generated for a block of a given data length in multiples of 8 bits. The
CRC code is set in a CRC data register each time one byte of data is transferred to a CRC input register
after writing an initial value into the CRC data register. Generation of CRC code for one byte of data is
completed in two machine cycles.
Figure 2.14.1 shows the block diagram of the CRC circuit. Figure 2.14.2 shows the CRC-related regis-
ters. Figure 2.14.3 shows the calculation example using the CRC calculation circuit

q Data bus high-order bits
q Data bus low-order bits
‘ 1 [Eight low-order bits Eight high-order bits

CRC data register (16)
1 [ ] [ (Addresses 03BD16, 03BC16)

CRC code generating circuit
X16+X12+X5+ 1

CRC input register (8) | (Address 03BE16)

| )

Figure 2.14.1 Block diagram of CRC circuit

CRC data register

©19 we bo Symbol Address When reset
CRCD 03BD16, 03BC16 Indeterminate
Function Values that | p
can be set 1
1 CRC calculation result output register 000016 to FFFF16 |O EO
CRC input register
b7 b0 Symbo Address When reset
CRCIN 03BE1s Indeterminate
Function Values that | p\y
can be set !
"""""""" Data input register 0016 to FF16 |O fo
Figure 2.14.2 CRC-related registers
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(1) Setting 000016 —»

(2) Setting 0116 —» I:I CRC input register ~ CRCIN
[O3BE16]

The code resulting from sending 0116 in LSB first mode is (1000 0000). Thus the CRC code in the generating polynomial,

conformity with the modulo-2 operation.

. CRC input register  CRCIN
(3) Setting 2316 — I:I [03BE16]

b15 b0
| CRC data register CRCD
[03BD16, 03BC16]

b7 b0

2 cycles
After CRC calculation is complete
b15 b0
118916 CRC data register CRCD

[03BDz16, 03BC16]

Y

; Stores CRC code

(X6 + x12 + X5 + 1), becomes the remainder resulting from dividing (1000 0000) X8 by (1 0001 0000 0010 0001) in

LSB

MSB Modulo-2 operation is
R 1000 1000 p’ operation that complies
10001 0000 0010 0001 | 1900 0000 0000 0000 0000 0000 with the law given below.
1000 1000 0001 0000 1 0+0=0
1000 0001 0000 1000 O 0+1=1
1000 1000 0001 0000 1 1+0=1
1001 0001 1000 100 1+1=0
s ¥ . MSB -1=1
9 8 1 1
L W

Thus the CRC code becomes (1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000)
corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary in the CRC operation
circuit built in the M16C, switch between the LSB side and the MSB side of the input-holding bits, and carry out the CRC
operation. Also switch between the MSB and LSB of the result as stored in CRC data.

b7 b0

After CRC calculation is complete

b15 b0

CRC data register CRCD
OAdlie [03BD16, 03BC1s]

Y

; Stores CRC code

Figure 2.14.3 Calculation example using the CRC calculation circuit
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2.15 Expansion Function

2.15.1 Expansion function description
Expansion function cousists of OSD display function, data slicer fanction, data encoder function and
humming decoder function. Each function is controld by expansion memories.

(1) OSD function

Character is consisted of 12 (J 10 dots, can display 40 (horizontal) O 25 (vertical) on the fixed line. And
also, can be written over with built-in composite RAM.
M306HOSFP can be reduced external circuit by built-in SYNC-SEP (synchronous separate) and syn-
chronous correction circuit. And it also can reduce error of character display at superimpose.

Table 2.15.1 OSD function outline

Screen composition

40 characters O 25 lines Fixed line display
(at scrolling 40 characters O 24 lines)

Number of characters displayed

1000 (Max.)

Character composition

12 0O 10 dot matrix
(horizontal direction : 12 dots, vertical direction : 10 dots)

Characters available

Font RAM : 256 characters
Composite RAM(SYRAM) : 15 characters

Character sizes available

Horizontal : one time, two times
Vertical : one time, two times
setting by every line

Display locations available

Horizontal direction : 486 locations
Vertical direction : 235 locations

Blinking

Character units
Cycle : approximately 1 second, or approximately 0.5 seconds (per screen)
Duty 25%, 50% or 75% (per screen)

Coloring

Character coloring : 8 colors choices per character
Character Background coloring : 8 colors choices per character
Background coloring : 8 colors choices per screen

Blanking

Character blanking
Matrix-outline

Halftone blanking

Can be set by every line

Superimpose

Can be displayed
(PAL/SECAM)(monotone display)

Synchronous signal

Composite synchronous signal generate (only PAL)
Composite video signal generate (only PAL)

Scrolling

The top and bottom smooth scroll of the soft control

General-purpose output ports

Combined port output : 9
(switching to R,G,B,GRAY,BLNK,CSYN,SLICEON, EDO1, EDO2 output)

Synchronous correction circuit

Built-in

Synchronous separation circuit

Built-in

(2) Data slicer function

Corresponds to TELETEXT, VPS, and VBI data

(3) Data encoder function

Encode VBI data

(4) Humming decoder function
8/4 humming and 24/18 humming
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| 0SD Block
>

Sync
>| generator]

|
|
|
I i
| i
i \ — >0 P117/GRAY
1 ‘ Display location detection ‘ ! CSYN 30 Pl16R
1 | — >0 P1IsiG
| | Pot'tl — >0 P114B
i —) 1 e 50 Pl1wBLNK
i 1 >0 P112/CSYN
! [Display Font Display | R.G.BBLANK.GRAY >0 P111/EDO1
i control_| | >0 P110EDO2
|
i i A
Clock o T EDOL
FSCIN. O o nerator el U
vBl [€ VBI RAM
encorder
Sync- Clock
SYNCIN  O—>| separate >| Selecter >
pere generator ¥ v
circuit
>0 CVIDEO1
f————————————>0 CVIDEO2
SVREF VPS Video generator e O SECAMIN
L > SI Clock O CVINL
electer *)wmmw (O CVIN2
Selector
«
PDC f
Clock | Data Slice 24/18 8/4
generator| slicer RAM humming|  [humming
C Data bus (16 bits) T
CPU block

Figure 2.15.1 Block diagram of expansion function

VBI H level —>

VBI Llevel ——>{ Selecter »O CVIDEO2
CVIN2 O >
CVIN1O
SYNC/PED/GRAY —>|
OSD white level ——»;
Selecter »(O CVIDEO1
OSD black level ——»| l
Color/color burst upper level ——>| \3
Color/color burst lower level ——
SECAMIN O

Figure 2.15.2 Block diagram of video generator
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2.15.2 Expansion memory
Expansion function memory is divided by 6 patterns ; display RAM, Font RAM, SYRAM, Slice RAM,
VBIRAM and expansion register. (Humming decoder operates by the register placed on SFR). Data
writing and read out to these RAM and the expansion register are carried out 16 bit unit by the data
setting register (addresses 020216 to 021816) placed on SFR.

Contents of each memory and data setting register are shown in Table 2.15.2.

Table 2.15.2 Expansion memory composition

Expansion memory

Contents

Data setting register

Display RAM 1 screen (40 characters 0 25 lines) display character Display RAM address control register (020216)
setting. RAM font (character code), character color, character | Display RAM data control register (020416)
backgroud color, blinking, SYRAM font (character code)
and SYRAM character color are specified by 1 character unit.

Font RAM 255 character fonts setting. Font RAM address control register (020616)

Font RAM data control register (020816)

SYRAM 15 composite character fonts setting. SYRAM address control register (020A16)

SYRAM data control register (020C16)
Slice RAM Store slice data. Slice RAM address control register (020E16)
Slice RAM data control register (021016)
VBIRAM VBI encode data setting. VBIRAM address control register (021216)

VBIRAM data control register (021416)

Expansion register

This register controls OSD display, data slicer and

VBI encoder.

OSD register address control register (021616)
OSD register data control register (021816)
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2.15.3 Display RAM
Set 1 screen (40 characters 0 25 lines) display character.
1 character display character setting is consists is 2 addresses (even address 16 bits + odd address
8 bits), set characters available, character color, blinking, character background color, SYRAM avail-
able and SYRAM color. Display RAM composition is shown in Table 2.15.3.

Table 2.15.3 Display RAM composition

Address

(CA10 to cAo) |CD15 [CD14 |CD13 [CD12 [CD11 |CD10| CD9 | CD8 | CD7 |CD6 |CD5 {CD4 |CD3 |CD2 [CD1 | CDO Remarks
BB | BG | BR [BLINK|CB |CG |CR | C7 |C6 | C5 | C4[C3 |C2 | Cl]| CO X
00016 0 r | Character setting of the Oth
|ChaVBClEr baCkg'DU"dl | | | Character color | | Font RAM character code

""""" T T U T e [se s | Toveafsvez v [sveo
00116 0 0 0 0 0 0 0 0 |SVRAMcnavac(erco(ie(No\e)l 0 | SYRAM character code(Note) | character of the Oth line.

00218 | 0 | BB |BG | BR IBUNK CB | CG fCR 1 C7 | C6 [ C5 | C4 | C3 | C2 f CL | CO_|Charactersetting of the first
00316 0 Jo oo Jo o] o]o [SB|SG]|SR [0 |sycssycz|sycifsycocharacterofthe Oth line.

| 004w | 0 _|BB |BG [BR IBLINK CB [ CG | CR | C7 [ C6 | C5 | C4 [ C3 | C2 | CL | CO_fCharacter setting of the second
00516 0 0 0 0 0 0 0 0 SB | SG | SR 0 |SYC3|SYC2|SYC1| SYCO|character of the Oth line.
00616 Character setting of the third

character of the Oth line.

Character sétting of the 37th
7CB16 character of the 24th line.

__7CCi_ | _0_ | @B_ | _B_G_ i _BE _B_LlN_K _C? _ _(EG_ i _CB_ | 97_ i _(26_ _C§ _ _(.24_ | _C§_ | C2 | C1 | CO_|Character setting of the 38th
7CD16 0 0 0 0 0 0 0 SB | SG | SR 0 |SYC3|SYC2|SYC1|SYCO|character of the 24th line.

| _ _79I_E£6_ . _(2 _LBB | _B_G_ BR_[BLINK] _C_B_ | (_:C_i i _C_R_ _Cz L (_:Fl | _C_5_ | (_:{ . _C_3_ _C_Z_ | E'll | _QO_ Character setting of the 39th
7CF16 0 0f o] of of o] ofsB]sG|[SR]| 0 |SYC3|SYC2]|SYC1|SYCO|Character of the 24th line.

Note: SYRAM setting bit is G1lcharacter setting bit when set 0016 to font RAM character code.
(Refer to Teletext G1 character display for detal)

Set accessing address (CA10 to CAO) (shown in Table 2.15.3) to display RAM address control regis-
ter (address 020216), and write data (CD15 to CDO0) from display RAM data control register (address
020416). After data accessing fixed, display RAM address control register iuncrements address auto-
matically. Then, writing next address data is possible.

Display RAM bit composition is shown in Figure 2.15.3, Display RAM access registers are shown in
Figure 2.15.4, Display RAM data access block diagram is shown in Figure 2.15.5, and Address map is
shown in Figure 2.15.6 and Figure 2.15.7.
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Display RAM bit composition
Even CD15 CD14 CD13 CD12 CD1l1 CD10 CD9 CD8 CD7 CD6 CD5 _CD4 CD3 _CD2 CDl1 _CDO
address | — BB | BG | BR |BLINK| CB | CG | CR | c7 | c6 | c5 | c4 | c3 | c2 |c1 | co
Odd CD15 CD14 CD13 CD12 CD11 CD10 CD9 CD8 CD7 CD6 CD5 _CD4 CD3 _CD2 CDl1 _CDO
address 0 0 0 0 0 0 0 0 SB SG SR — |SYC3 |SYC2 |SYC1 [SYCO
Bit Bit name Function
Cco Font RAM bit Set font RAM character code.
C1
Cc2
C3 Character code 0016 is corresponc‘ied to teletext G1 character.
- (Refer to "Teletext G1 character display".)
C5
C6
c7
CR Character color bit Set color code of font RAM character color (Note 2)
CG
CB
BLINK Blinking bit 0 : Do not blink
1:Blink
BR Character background color bit | Set color code of font RAM character background color (Note 2)
BG
BB
— — Must always be set to "0".
SYCO SYRAM bit Set SYRAM character code which composes to font RAM
syc1 setting by CO to C7. When it is not composed, set character
code Fi6.
SYC2 These bit are teletext G1 character setting bit when C7 to CO is
syc3 0016 setting.
— — Must always be set to "0".
SR SYRAM color bit Set color code of SYRAM color (Note 2).
SG These bit are teletext G1 character setting bit when C7 to CO is
SB 0016 setting.
Notes 1. The contents of display RAM is indefinite at reset.
2. Color code setting
Color code ] Color code (R, G, B) is corresponded to character color bit (CR, CG,
B G g Colorsetting | cg) Character backgroud color bit (BR,BG, BB) and SYRAM color bit
0 0 0 Black (SR, SG, SB).
0 0 1 Red
0 1 0 Green Refer to expansion register composition (Address 0A16) for color setting
0 1 1 Yellow at expansion register GRYON = "1".
1 0 0 Blue
1 0 1 Magenta
1 1 0 Cyan
1 1 1 White

Figure 2.15.3 Display RAM bit composotion
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

Display RAM address control register

o15 10 b8 b7 b0 Symbol Address When reset

DDA | CA 020216 00002
Voo : Function Setting possible value |R W
A ".--] Specify accessing display RAM address 00016 to 7CF16 X0

Display RAM data control register

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

Note : When access to display RAM, must be set display RAM address at first, then use
display RAM data control register (0204 16).
Display RAM address control register increments by accessing display RAM data
control register. So, it is not neccesary to setting the next display RAM address.

b1s b8 b7 b0 Symbol Address When reset
CD 020416 00002
Function Setting possible value |R W

---- Write and read out the data of display RAM which is specified

by display RAM address control register (address 020216) 000016 to 7FFF16 OEO

Note : Data access must be 16-bit unit. 8-bit unit access is disable.

Figure 2.15.4 Display RAM access registers

N Data bus (16-bif) S
Display RAM address control Display RAM data control
register (11) (CA10 to CAO) register (16) (CD15 to CDO) (address 020416)

(address 020216)

VAN

Increment automatically
after data access

Display RAM
40 charactersX 25 lines

Figure 2.15.5 Display RAM access block diagram
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MITSUBISHI MICROCOMPUTERS

M306H1SFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

"(suq 8 (T @nBy ayy ul days Jomo|) ssaippe Jaquinu ppo + g 9T (T ainby ayy ul abeys addn) ssaippe Uans) SassaIppe g Ul 18s S| Jajoeleyd v 'z
'ssalppe Ny Aejdsip ay) Moys Saxoq ay} Ul Siaquinu [ewidapexay ayl ‘T SS1oN

dvS | dES | avsS | 6vS | LvS| SPS| EVS| TPS | JES| AES| 9ES| 6ES | LES | GES | €65 | TES | 4¢S | ACS| 9¢S | 6¢S | LcS | G¢S | €¢S | T¢S | 415 |ATS | 915 | 6TS | LTS | TS| €IS | TTS | 405 | A0S | A0S | 60S | L0S | SOS | €0S | T0S
IvS | OvS | VPSS | 8YS | OVS | ¥PS| ¢vS| OvS | €S| OES| VES| 8ES| 9€S | YES | CES | 0€S | 3¢S | OCS| VeS| 825 | 9¢S | ¢S | ¢¢S | 0¢S | ITS|OTSG | VIS | 8TG | 9TS | ¥TS | ¢TS | 0TS | A0S | D0S | YOS | 805G | 90S | ¥0S | 20S | 00S
d4v | ddv | adv | 6dv | L4V | Sdv| €4V | TdV | 43V | A3v| 93v| 63y | L3y | S3v | €3¥| T3V | 4A¥| AAy| 9ay| 64y | LAy | SAY | €Ay | TAY| 40¥|AOY | 90¥| 60v | LOV | SOV | €OV | TOV | 49¥| A9y | 99y | 69y | L9y | Sav | €9y | 19y
34y | Odv | V4V | 84V | 94| vAv | ¢dv | 0dv | 33| O3v| vav| 83y | 93y | ¥3v | ¢3v | 03¥ | 3AY| OAY| vAy | 8AY | 9aV | ¥AY | ¢A¥ | 0AY | IOV | OO | VOV | 801 | 90% | ¥O¥ | 2OV | 00¥ | 3a¥| 08Y | var| 88y | 99v | ¥av | ¢av| 0ay
dvv | vy | avy | 6VY | LYV | SVYV| EVY| TVY | d61 | Q61| 961 | 661 | L6V | S6V | €6V | T6Y | 48Y | A8Y| @8V | 68V | L8V | G8Y | €8V | T8V | LV | ALY | 9LV | 6LV | LLV | SLV | €LV | TLV | A9V | A9V | 9% | 69F | L9V | SOV | €9F | TOV
vy | OVY | YV | 8VY | 9VY| vV | 2V | OVY | 367 | D6V | V6V | 86V | 967 | Y617 | ¢6V | 06V | 38Y | O8Y | V81 | 88Y | 98V | ¥8Y | 281 | 08V | ALY | DLV | VLV | 8LV | 9LV | ¥Lv | 2Ly | OLY | 39V | O9¥ | VO¥ | 89 | 99¥ | ¥917 | 29V | 09
dSv | ASy | 9Sv | 6Sy | LSV | SSV | €SV | TSV | dvv | AEY| Qvy | 6vV | Ly | Shv | Evy | TvY | dEV | AEY| 9EV | 6EV | LEV | GEV | €€V | TEV | dev | AcCY |92V | 62V | LZv | Sev | €¢v | T2y | 4TV | ATy | 91y | 6TV | LTV | STV | €TV | TTY
3Sv | OSv | VSv | 8SY | 9SV | ¥Sv | ¢Sy | 0SY | Avy | ObY| Viv | 8VY | Ovy | vvY | 2hi | OV | JEV | OEV| VEV | 8EY | 9EV | VEV | 2EV | 0V | F2V | OCv | VeV | 82V | 9¢v | vev | ¢2v | 0¢v | ATV | DTV | VIV | 81| 9TV | VIV | CTIv | OTY
40¥ | Aov | 90¥ | 60V | LOV | SOV | €0V | TOV | 44€| Ad€| 94€| 6d€ | L4€ | Gd€ | €4€| TdE | 43€| A3€| g3€ | 63€ | /3€ | GIE | €3€ | TI€| 4AE|AAE | 9A€E| 6d¢E | LAE | SAE| €AE | TAE| 40€|ADE| 9O€| 60€| LOE | SO€| €D€| TOE
30¥ | O0v | VO | 80F | 90¥ | YO | ¢O¥| O0F | 34€| Od€| V€| 84€| 94€ | ¥dE | ¢d€ | 0d4€ | 33€| O3€| v3E| 83E | 93€ | ¥3E | ¢3€ | 03€| 3AE| DAL | vAE| 8AE | 94E | ¥AE| A€ | 0AE | ADE| DD€| VOE| 80€| 90€ | ¥OE| 2O€E| 00€
Jge|ade | gde| 69 | LdE| SEE| €€ | TAE | dVE| AVE| AVE| 6VE| LVE | SVE | EVE | TVE | J46€ | ABE| 96E | 66€ | L6E | S6€ | €6E | T6E | 48€ | A8E | 98E | 68E€ | L8E | S8E | €8E | T8E | 4.€| ALE| 9LE| 6LE| LLE | GLE| €ELE| TLE
38€|049¢E | vae | 89E | 98€| vAE| ¢A€| 09€ | IVE| OVE| VVE| 8VE| OVE | YVE | CVE | OVE | I6E | D6E| VBE | 86E | 96€ | V6E | 26E | 06E | 38E | DBE | VBE | 88E | 98€ | ¥8E | 28E | 08E | ILE | DLE | VLE| BLE| 9LE | ¥LE| TLE| OLE
49€ | d9E | 99€ | 69€ | L9€| G9E | €9€| T9E | dSE | ASE| 9SE | 6SE | LSE | GSE | €G€ | TGE | V€| A€ | GvE | 6VE | LVE | GVE | EVE | TYE | JEE | AEE | DEE | 6EE | LEE | GEE | €EE | TEE | 42€ | ACE | 9C€ | 6C€ | L€ | SCE | €2€E | T¢E
39€|09€ | VOE | 89E | 99€ | ¥9E | ¢9€| 09€ | AGE| OSE| VSE | 8SE | 9G€ | ¥SE | ZS€ | 0SE | IVE | OVE| VVE | 8VE | 9VE | ¥PE | ZVE | OVE | 3EE | OEE | VEE | BEE | 9EE | VEE | CEE | 0EE | ACE | DZE | VCE| 82E | 9CE | ¥ZE | ¢C€E | 0CE
d7€ | dte | d1e| 61€ | LT€| STE| €TE| TTE | JOE | AOE| 9O | 60€ | LOE | SOE | €0€ | TOE | 4d¢ | Ade| gde | 6d¢ | L4 | Sde | €de | Td¢| 43¢ |ade|d3a¢| 63¢ | L32 | Sa¢| €3¢ | Td¢|4A2|Ade| 9de| 6de| LA | sAC| €dg| 1AC
31€|OT€ | VIE | 8TE | 9TE| ¥TIE| ¢TI€| 0T€ | 0E| D0E| VOE | 8OE | 90€ | ¥0€ | C0E | 00E | Id¢| Od¢| vde | 8d¢e | 9d¢ | ¥dc | ¢d¢ | 0d¢| 32| D3¢ |vaZ| 83¢| 93¢ | ¥3AZ| ¢3¢ | 03¢ |3AZ| DA | vAcZ| 8A¢| 94¢ | vAc| ¢Ac| 0de
40¢|ad¢|90¢|62¢ | LO¢| SO¢| €0¢| 1O | 49¢| A9e| 99¢| 69¢| 92| S9¢ | €9¢ | Tde | dVe| Ave| ave | 6Ve | LVe | SVe | EVe | TVe| 462 | A6¢ | 962 | 662 | L6C | S6¢C | €6C | 162 | 482 | A8Z | 98¢ | 68| /8¢ | S8Z| €8¢ | 182
302|002 | vOe|80¢ | 90¢| ¥Oc| ¢O¢|00¢ | 3d¢| 09e| vde| 89¢| 99¢ | ¥dZ | ¢d¢| 09¢ | AVZ| OVZ| VYVZ | 8VCZ | 9VZ | ¥VZ | 2VZ | OVZ| 362 | D62 | V62 | 86¢C | 96C | ¥6¢C | 262 | 06C | 382 | O8C | V8Z | 88¢C | 98¢ | V82 | 282 | 082
d/¢|dale|4dle|6Le| LLe|Sle| €L2|TL2 | 492 | A9¢C| 992 | 69C | L9C | S9¢ | €9¢ | T9¢ | 4S¢ | AS¢C| 9SC | 6S¢ | LSC | SS¢ | €S¢ | IS¢ | dve |Ave | ave | 6ve | Lve | Sve | €ve | Tve | 4€2 | dET | 9€2| 6€C | LEC | SET | €€C | T€C
3/2 |0l |VLZ|8LZ | 9LZ| vLe| ¢L2|0Le | 392| D92| V9¢Z| 89¢C | 99¢ | ¥9C | ¢9¢ | 09¢ | IS¢ | OS¢ | VS¢C | 85S¢ | 9S¢ | V'S¢ | ¢S¢ | 0S¢ | Ive | Ove | vve | 8ve | 9ve | vve | eve | Ove | 3€C| OEZ | VEZ| 8€EZ | 9€C | ¥EC | CET | 0ET
d¢c |dce | dce| 6¢c | Lce| See| €cc| Tee | dTe| Ale| dT¢| 6T¢| LT¢ | ST¢ | €1¢| TT¢ | 40¢| A0 | 90¢ | 60¢ | L0Z | SOC | €0C | T0Z | 44T |A4T | 94T | 64T | ZdT | G4T | €4T | T4T | 43T |A3T| 93T | 63T | L3T | G3T| €3T| 13T
d¢e|Oce | vee | 8ee | 9¢c| vee| ¢¢e| 0ce | ATe| OT¢| VIe| 812 | 91¢ | ¥T¢ | ¢T¢ | 0TZ | 302 | D0¢| V0Z | 802 | 90Z | ¥0¢C | 20¢ | 002 | 34T |OdT | vdT| 84T | 9dT | ¥d4T | 24T | 04T | 33T |O3T| v3T| 83T | 93T | ¥3T| ¢3T| 03T
4d7|adrt|gedt|edt | ZAT| SAT| €AT|TAT | 4OT| ADT| dOT| 60T | LOT|SOT | €01 | 10T | 497 | AQAT| 99T | 69T | /9T | ST | €9T | TAT | VT |AVT | 9VT| 6VT | VT | SVT | EVT | TVT | 46T | A6T | 96T | 66T | L6T | S6T | €6T | T6T
3dT|0dT|vdTr|8dT | 94T| ¥AT| ¢AT|0AT | ADT| OOT| VOT| 80T| 90T | ¥OT | ¢OT| 00T | AT | OdT|VvaT | 84T | 99T | ¥AT | 29T | 09T | AVT|OVT | VVT| 8VT | OVT | ¥VT | VT | OVT | 36T | D6T | V6T | 86T | 96T | V6T | ¢6T | 06T
48T |A8T | 98T | 68T | /8T | G8T| €8T| T8T | 44T | ALT| QLT | 64T | LLT | GLT | €LT| TLT | 49T | A9T| €9T | 69T | L9T | G9T | €9T | T9T | 4ST |AST | 9ST | 6ST | LST | GST | €ST | TST | 4¥T | AYT | GVT | 6VT| L¥T | SVT| EVT | TYT
38T | O8T | V8T | 88T | 98T | ¥8T | ¢8T| 08T | ILT| OLT| VLT| 84T | 9LT | ¥2T | LT | 0LT | 39T | O9T| V9T | 89T | 99T | ¥9T | 29T | 09T | AGT | OST | VST | 8ST | 9ST | ¥ST | ST | OST | AYT | OPT | V¥T| 8YT | 9VT | v¥T | 2vT| OVT
d€T |AET | 9ET | 6ET | LET| GET| €€T| TE€T | 4¢T | ACT| 9CT| 6¢T | LT | G¢T | €¢T | 1¢T | 41T | ATT| 91T | 6TT | LTT | GTT | €IT | TTT| 40T | AOT | 90T | 60T | 0T | SOT | €0T | TOT | 440 |40 | 940 6d40| 240 | S40 | €40| T40
JET | OET | VET | 8ET | 9€T | YET| CET| OET | ACT| OCT| VCT| 82T | 9¢T | ¥¢T | ¢¢T | 02T | 3TT| OTT| VIT|8TIT | 9TT | ¥TT | ZTT | OTT| 30T | O0T | YOT | 80T | 90T | +0T | 20T | OOT | 340| D40 | V40| 840| 940 | ¥40| 240| 040
430|d30| 930|630 | L30| S30| €30| T30 | 4AQ0| AAO| 9A0| 64Q0| LA0|SAO | €A0| TAO | 400|AD0| 920|620 |LD0 (SO0 | €00 | TO0| 490|A90| €990 | 690 | L90| S0 | €90 | T90 | 4V0 [AVO | V0| 6V0| LVO | SVO| EVO| TVO
330|030|Vv30| 830 | 930| ¥30| ¢30| 030 | 3A0| DAO| vAO| 8A0| 940 | ¥AO | 2A0 | 0AO | 3D0| DD0| v¥O0 820|920 | ¥O0 | 200 | 000|390 (090 | vd0 | 890 | 990 | ¥90 | 290 | 090 | V0| OVO0 | VVO| 8V0 | 9V0 | V0| ZV0| OVO
460 [ d86 | 960 | 660 | L60| S60| €60 | T60 | 480 | A80| 980 | 680 | L80 | S80 | €80 | 180 | 40| AL0| 9.0 (6.0 | LLO | SL0 | €L0 | TLO| 490|490 | 990 | 690 | L90 | S90 | €90 | T90 | 450 | ASO | AS0| 650 | LSO | SSO | €50 | TSO
360|060 | V60| 860 | 960 | ¥60| ¢60| 060 | 380 | O80| V80| 880 | 980 | 80 | ¢80 | 080 | 3,0| OL0| VL0 | 8.0 | 9,0 | 20| 2,0 | 00| 390|090 | Y90 | 890 | 990 | 90 | €90 | 090 | S0 | IS0 | VS0 | 850 | 9S0 | ¥SO | ¢S0 | 0SO
4¥0|av0 | av0 | 6¥0 | L¥O| S¥0| EVO| T¥O | 4€0 | AE0| 9E0| 6E0 | LEO | GEO | €E0 | TEO | 420 | ACO| €20 | 620 | L20 | G20 | €20 | T20 | 4T0 |ATO | 910 | 6TO | LTO | STO| €TO | TTO | 400 | AOO | 900 | 600 | 00 | SO0 | €00 | TOO
30| Ov0 | V0| 80 | 90| ¥¥0 | 20| O¥0 | 3E0| DEO| VEO| 8E0 | 9€0 | ¥EO | €O | OE0 | 320 | O20| V20 | 820 | 920 | ¥20 | 220 | 020 | 3T0|OTO | VIO | 810 | 9T0 | ¥TO | ZTO | OTO [ 300| D00 | YOO | 800 | 900 | ¥00 | 200 | 000
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Figure 2.15.6 Address map 1 (continued)
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MITSUBISHI MICROCOMPUTERS

M306H1SFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER
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40.|AD.L|9DL|6DL| LOL|SOL| €DL|TOL| 49| A9.| 99| 69| ,9.|S9L|€9.(T19L| dVL|AVL|(GVL|6VL | LY.L [SVL|EVL| TV.| 46/ |A6L | 96| 66L | 6L | S6L|€6L | T6L|48.|A8BL| 98| 68L| 8L | S8L| €8L| 18L
3D0L|00L|VOL|8DL | 90L| ¥OL| 20L|0DL | 39| 09| vaL.|89L(99. | ¥9.|28.| 09| IVL| OVL|VVL|8VYL |9VL |YVL|2VL | OVL| 36|06 | V6L | 86L | 96L | 6L |26 | 064 | 38| D8L | V8L| 88L|98L | ¥8L| 281 | 08L
422\QLL|\GLL|6LL| LLL| SLL| €LL|TLL| 9L | Q9L| 99L| 69L | L9L | GOL | €9L | TOL | 4SL | ASL|9SL| 6GL | LGL | SSL | €SL | TGL|dvL AVl | QYL | 6VL | LvL | SvL|vyL | TVL| 4EL|AEL| GEL| 6EL| LEL | GEL| EEL| TEL
ILL\DLL|VLL|8LL| OLL| YLL| €LL|OLL | A9L| D9L| VOL| 89L| 99L | ¥9L | ¢9L | 09L | ISL| DSL|VSL|8SL |9SL | ¥SL | €SL | OSL | VL (OVL |VvL | 8VL | 9VL | vVL | EVL | OVL | JEL|DEL | VEL| 8EL| 9EL | ¥EL| €CL| OEL
4¢/|dcL|deL |62l | LeL| SeL| €2L|TeL | ATL| AQTL| 9TL| 6TL| LTL|STL| €TL| TTL | 40L(A0L|90L|60L|L0L|SOL | €0L | TOL|449|A49|949| 649 | 249 | G49 | €49 | T49|439|A39|939| 639 | £39 | 39| €39 T39
dJcL|Ocl|veL|8eL| 9¢L| veL| ¢eL|0cL | ATL| OTL| VTL| 8TL| 9TL | ¥TL | ¢TL | OTL | 30L| D0L| V0L |8OL | 90L | ¥OL | 20L | 00L | 349 (D49 | V49| 849 949 | 949 | 249 [ 049 | 339|{D39 | v3I9| 839|939 | ¥39| €39 | 039
4d9|Aqa9|€gqa9| 6d9 | LA9| SA9| €A9|TA9 | 409(AD9| 9D9| 629 LO9|SO9 | €09 TO9| 499|AL9( 949|699 | L9 (S99 | €99 | T99| dV9|AV9 | V9| 6V9 | LV9 | SVO | EVI | TV | 469 | A6Y | 969| 669 | L69 | S69 | €69 | T69
3d9|0A9|VvaA9|8A9 | 949 ¥A9| 2A9|0A9 | AD9| DD9| VO9| 809|909 | ¥D9| 209|029 | 399| 099|vd9 899 | 999 | ¥99 | ¢99 | 099 | IV |OV9 | VV9 | 8V9 [ 9V9 | V9 | ZV9 [ OV9 | 369 | D69 | V69| 869 | 969 | 69 | 269 | 069
489 (089 | 989|689 | 89| S89| €89 T89 | 49| AL9| 9L9| 6,9 | LL9|SL9| €L9|TL9| 499| A99| €99 | 699 | L99 [ G99 | €99 | T99 | 4S9 |AS9 | 9S9 | 659 | LS9 | GS9 | €59 | TS9O | d¥9 (AV9 | 9V9| 6V9 | LV9 | S¥9 | EVO | TV
389|089 |Vv89|889 | 989 | ¥89| ¢89| 089 | AL9| DL9| V.9 | 8L9| 9,9 | VL9 | 29| 0L9 | 99| D99| V99 | 899 | 999 | ¥99 [ 299 | 099 | IG9 [ DSG9 | VG9 | 8G9 | 959 | ¥S9 | €S9 | 059 | Y9 | OV9 | V¥9| 8V9 | 99 | V9| 29 | OV9
4€9(AE9 | 9E9| 6E9 | LE9| SE9| €E9| TE9 | 429 | AC9| 929| 629 | L29 | S29 | €29 | TZ9 | 4T9| AT9| dT9| 6T9 | LT9 | ST9 | €ET9 | TT9| 409 |A0Y | 909 | 609 | L09 | SO9 | €09 | TO9 | 44G | A4S | G4G| 6d4G | L4S | G4G | €4G | T4S
3€9|D€9 | VEY| BEI | 9€9| ¥E€9| 2E€9| 0€9 | I29| DZ9| VZ9| 829 | 929 | ¥29 | 229 | 029 | AT9| OT9| VI9 | 8T9 | 9T9 | ¥T9 | ZT9 | OT9 | 309 [ D09 | V09 | 809 | 909 | ¥09 | 209 | 009 | 4G | O4S | V4G | 84S | 94G | ¥4S | ¢4S | 04S
435|a3s| 935|635 | £3S| S3S| €3G| T3S | 4AS| AAS| 9As| 6AS| LAS|SAS | €AS| TAS | 40G| ADS|90S|60S | L0S|S0S | €0G | TOS| 495 |A4QS | 99S| 649G | 29S| S9S | €4S | T9S | dVS | AVS | VS| 6VS | LVS | SVS| EVS| TVS
33G|03G | v3aS| 835 | 93G| ¥3S| ¢3S| 03S | AAS| OAS| vAS| 8AS| 94S | ¥AS | ¢AS | 0dS | 0S| D0G|vOS| 8IS | 90S | ¥OS | ¢OS | 00G| 395|085 | vES| 89S | 99S | ¥4S | 29S | 095 | IVS|OVS | YVS| 8VS| 9VS | PVS| CVS | OVS
46G [ d6S | 96S | 665 | L6G| S6G | €6S| T6S | 485 | A8S| 985 | 685 | L8S | 85 | €8S | 18G | 4.G| ALS|9LG| 64G | LLS | SGLS | €LS | TLS| 49G|A9S | 99G | 695 | L9G | G9S | €9S | T9S | 4GS | ASS | 9SS | 6SS | LGS | GGG | €8S | TSS
365 | 06S | V6S | 86G | 965 | ¥6S | ¢6G | 06S | 385| O8S| VBS| 885 | 985 | ¥8G | ¢85 | 08G | LS| OLG| VLS | 84S [ 94S [ V2G| 2LS | 0LG| 39S | D9G | VIS | 89S | 995 | ¥9S | 29S | 095 | 3GG | OGS | VGG | 89S | 9GS | ¥SS | ¢SS | 0SS
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Figure 2.15.7 Address map 2

Rev. 1.0

153

‘ MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

Teletext G1 character display
Can display teletext G1 character by setting character code 0016 to font RAM bit (C7 to CO) of display
RAM. SYRAM setting is invalid when set 0016 to font RAM bit (C7 to C0), set G1 character by G1
character bit (GO to G5) and G1character form bit(G6). At the time, set O to all addresses of font RAM
code 0016 (font RAM addresses 00016 to 00916).
Display RAM composition at G1 character display is shown in Figure 2.15.8.

Even CD15 CD14 CD13 CD12 CD11 CD10 _ CD9 CD8 CD7 CD6 CD5 CD4 CD3 CD2 CD1 CDO
address | — | BB [BG [BrR[BuNK[ cB [ CG [ R [ (&) [ & | &l &l &l &l &1 &
Odd CD15 CD14 CD13 CD12 CD11 CD10 _ CD9 CD8 CD7 CD6 CD5 CD4 CD3 CD2 CD1 CDO
address |0 0 0 0 0 0 0 o [ & [ &I & [ — [l el sen| e
Bit Bit name Function
0(C0) Font RAM bit Set 0016 when display teletext G1 character.
0(C1) At the time , set space in font RAM(0016).
0(C2)
0(C3)
0(C4)
0(C5)
0(C6)
0(C7)
CR G1 character color bit Set color code of G1 character color.
CG
CB
BLINK Blinking bit 0 : Do not blink
1: Blink
BR G1 character background Set color code of G1 character background color.
BG color bit
BB
— — Must always be set to "0".
GO(SYCO) | G1 character bit(1) Set G1 character by GO to G5.
(Refer to the next page.)
G1(SYC1)
G2(SYC2)
G3(SYC3)
— — Must always be set to "0".
G4(SR) | G1 character bit(1) Set G1 character by GO to G5.
G5(SG) (Refer to the next page.)
G6(SB) | G1 character form bit 0 : Contiguous form (Refer to the next page)
1: Separated form

Figure 2.15.8 Display RAM bit composotion(at G1 character displaying )
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G1 character compaosition

Set G1 character by display RAM G1 character bit (GO to G5) and G1 character form bit(G6). G1
character composition is shown in Figure 2.15.9. G1 character is divided to 6 blocks (refer to Figure

2.15.9), and set character by GO to G5 in each block. Also, G1 character form is set by G6.

Can display 64 patterns G1 character by using GO to G5. G1 character composition is shown in Figure

2.15.10.
12dots

G 1 3dots
a A
'§ AN NN 4dots
—

G4 5 3dots

6dots 6dots

Figure 2.15.9 G1 character composition

Example1:G0,G1,G5=1,G2,G3,G4=0 Example2:G3,G4=1,G0,G1,G2,G5=0
12 dots 12 dots
G6=0 "
(Contiguous é
form) =
12 dots 12 dots
(Separated 783 ;
o el -

Figure 2.15.10 G1 character setting

Set 0 to GO to G5 when use font RAM code 0016 as normal character.

However, SYRAM can not be di

splayed.
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2.15.4 Font RAM

Character font composited horizontal direction 12 dots O vertical direction 10 dots is set to font RAM
code 0016 to FF16 (255 available, 7F16:blank code).

1 character setting is 10 address composite (12-bit 0 10 addresses).

Setting character is displayed by specifying font RAM code to font RAM bit of display RAM. Font RAM
code 0016 is corresponds to Teletext G1 character. Then, font RAM code 7F1s6 is fixed by blank,
character font setting to this code is disable. Font RAM composition is shown in Table 2.15.4.

Table 2.15.4 Font RAM composition

P aesses| kp11 [Fp10 | FDo | Fo8 | Fo7 | Fos | Fos | Foa | FD3 [ Fo2 | FD1 | FDO Remarks
00016 FoB | FOA [Fo9 |Fos | Fo7 | Foe | Fos | Foa | Fo3 | Fo2 | Fo1 | FOO |Font RAM code (0016)
00116 FiB |F1A [F19 |Fis | F17 | F16 | Fas [ F14 [ F13 | F12 | F11 | F10
00216 F28 |F2A [F29 |F28 | F27 | F26 | F2s | F24 [ F23 | F22 | F21 | F20
00316 F3B |F3A [F39 |F38 | F37 | F36 | F35 [ F34 [ F33 | F32 | F31 | F30
00416 FaB | FaA | Fa9 |Fas | Fa7 | Fa6 | Fas | Faa | Fa3 | Fa2 | Fa1 | Fao
00516 FsB |F5A [F59 | F58 | F57 | Fs6 [ Fs5 | F54 | F53 [ F52 | F51 | FSO
00616 F6B |FeA [F69 |Fes | F67 | Fe6 | F65 | Fea | Fe3 | F62 | F61 | F6O
00716 F78 |F7A | F79 |F78 | F77 | F76 | F75 | F74 | F73 | F72 | F71 | F70
00816 FeB |F8A [Fso | Fss | Fs87 |Fse | Fs5 | F8a | F83 [ F82 | Fs1 | Fso
00916 Fo9B | F9A [Fo9 |Fos | Fo7 | Fo6 | Fos | Foa [ Fo3 | Fo2 | Fo1 | Foo
00A16

: Unused area

00F16

01016 FOB | FOA | FO9 |FO8 | FO7 | FO6 | FO5 | FO4 | FO3 | FO2 | FO1 | FOO |Font RAM code (0116)
01916 FoB | FoA | Fo9 | Fos | Fo97 [Fo6 | Fo5s | F9a [Fo3 [Fo2 |Fo1 | Foo

02016 Font RAM code (0216)
FD916 Font RAM code (FD16)
FEO16 FoB | FoA [Foo [Fos |Fo7 |Fos | Fos [ Foa [Fos |Fo2 |Fo1 [Foo |Font RAM code (FE1e)
FE916 FoB | FOA |F99 |Fo8 |F97 |F96 |F95 | F94 | F93 |F92 | F91 | F90

FFO16 FoB | FoA [Foo [Fos [Fo7 [Foe |Fos [Foa [Fos [Foz [Fo1 [Foo [Font RAM code (FFie)
FF916 FoB | FoA | FooF| FosF| Fo7 | Foe | Fo5 | Foa | Fos | Fo2 | Fo1 | Foo

For accessing to font RAM data, set accessing address (FA11 to FAO) (shown in Table 2.15.4) to font
RAM address control register (020616). Then write data (FD11 to FDO) by font RAM data control
register (020816. After data accessing fixed, font RAM address control register increments address
automatically. Then, next address data writing is possible. Do not access to unused area (addresses
xA16 to xF16) of each Font RAM codes. But, when write data in succession, jump unused area and
increments address automatically. (ex. increment automatically from address 00916 to 01016).

Font composition is shown in Figure 2.15.11, Setting example is shown in Figure 2.15.12, Font RAM
access registers are shown in Figure 2.15.13 and Font RAM access block diagram is shown in Figure
2.15.14.

12 dots

10 dots

Figure 2.15.11 Font compaosition
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Example of font RAM code 0216 ....... Set character by addresses 02016 to 02916 data setting.
Address FD
FA 11|110/9|8(7(6(5|/4(3[2|1|0
02016 |0|0|0|0|0|0O|0O|0O|0O|0O|0O|O
02116 |O|Of2|2(1|1|1{1|1|0|0]|0
u 02216 [0|0|1[1(0|0|0O|Of1|1|0O|0O
- 2 02316 |0|0|1/1|0|0(0[0|0Of1]|2|O
B 3 02416 |0|0|1/1|0|0|0|0[0[2]2]0
u = 10 dots
u 02516 |0|0f1|12/0|0|0|0|0|1]|1]|0
< > 02616 |0|0|1|1|0|0|0|0|0O|1({1]|0
12 dots
02716 |0|0(1|12/0|0|0|0|1|1]|0]|0
02816 |0|0|1|1|1|a|1f{a[1|0|0]|0
02916 |0|0|0|0|0|0|0|0|0|0|0O]|0O
<——— 12dots ————=
1 bit: 1 dot of character

Figure 2.15.12 Setting example of font RAM

Font RAM address control register

b15 b1l bs b7 bo Symbol Address When reset
DXIXDXIX] | FA 020616 00002
Function

... Specify accessing font RAM address

00016 to

Setting possible value [R!W

FF916 ><§O

Nothing is assigned.

be indeterminated.

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

control register (020816).

Font RAM data control register

bl5 bll b8 b7 bo

Note : When access to font RAM, must be set font RAM at first, then use font RAM data

Font RAM address control register increments by accessing font RAM data
control register. So, it is not neccesary to setting the next font RAM address.

|><|><|><|><| | Symbol Address When reset
HE j FD 020816 00002
Function Setting possible value |R W

---- Write and read out the data of font RAM which is specified
by font RAM address control register (address 020616)

00016 to FFF16 oio

Nothing is assigned.

be indeterminated.

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

Note : Data access must be 16-bit unit. 8-bit unit access is disable.

Figure 2.15.13 Font RAM access registers
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N Data bus (16-bit) S
Font RAM address control Font RAM data control
(address 020616) register (11) (FA11 to FAO) register (12) (FD11 to FDO) (address 020816)
Increment automatlcally
after data access

Font RAM
Character code 0016 to FF16

Figure 2.15.14 Font RAM access block diagram
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2.15.5 SYRAM
Character font composite horizontal direction 12 dots 0 vertical direction 10 dots is set to SYRAM
code 016 to E16 (15 available).
Setting composite character is composed to font RAM by specifying SYRAM code to SYRAM bit of
display RAM. Then, SYRAM code Fis is fixed by blank, character font setting to this code is disable.
Use F16 when SYRAM is not composed to character.
SYRAM composite is shown in Table 2.15.5.

Table 2.15.5 SYRAM composition

Font B adaresses|ypi12 |yp11 | ypio| ypo | vps| vb7 | D6 | vDs | vDa | vp3 [ vp2 [ yp1 | ypo Remarks
0016 SYEXO|SYOB |SYOA | SY09 |SY08 | SYO7 | SY06 | SYO5 | SY04 | SY03 | SYo2 | Syol [ SY0O |SYRAM code (016)
0lie SYEX1|SY1B |SY1A |SY19 |SY18 |SY17 | SY16 |SY15 | SY14 |SY13 | SY12 | Sy1l | SY10
0216 SYEX2|SY2B |SY2A | SY29 |SY28 |SY27 | SY26 | SY25 | SY24 | SY23 | SY22 | Sy21 | SY20
0316 SYEX3|SY3B |SY3A | SY39 |SY38 |SY37 | SY36 | SY35 | SY34 | SY33 | SY32 | SY31 | SY30
0416 SYEX4|SY4B |SY4A | SY49 |SY48 | SY47 | SY46 | SY45 | SY44 | SY43 | SY42 | Sy41 | SY40
0516 SYEX5|SY5B |SY5A | SY59 |SY58 | SY57 | SY56 | SY55 | SY54 | SY53 | SY52 | SY51 | SY50
0616 SYEX6|SY6B |SY6A | SY69 |SY68 | SY67 | SY66 | SY65 | SY64 | SY63 | SY62 | SY61 | SY60
0716 SYEX7|SY7B |SY7A | SY79 |SY78 |SY77 | SY76 | SY75 | SY74 | SY73 | SY72 | SY71 | SY70
0816 SYEX8|SY8B |SYBA | SY89 |SY88 | SY87 | SY86 | SY85 | SY84 | SY83 | SY82 | SY81 | SY80
0916 SYEX9|SY9B |SY9A | SY99 |SY98 | SY97 | SY96 | SY95 | SY94 | SY93 | SY92 | SY91 | SY90
0A16

: Unused area

OF16

1016 SYEXO| SYOB | SYOA | SY09 | SY08 | SYO7 | SY06 | SYO5 | SY04 | SY03 | SY02 | SYO1 | SY00 | SYRAM code (116)
1916 SYEX9| SY9B | SY9A | SY99 | SY98 | SY97 | SY96 | SY95 | SY94 | SY93 | SY92 | SY91 | SY90

2016 SYRAM code (216)
C916 SYRAM code (C16)
DO16 SYEXO| SYOB | SYOA | SY09 | SY08 | SYO7 | SY06 | SYO5 | SY04 | SY03 | SY02 | SYO1 | SY00 | SYRAM code (D16)
D916 SYEX9| SY9B | SY9A | SY99 | SY98 | SY97 | SY96 | SY95 | SY94 | SY93 | SY92 | SY91 | SY90

EO16 SYEXO| SY9B | SYOA | SY09 | SY08 | SY07 | SYO6 | SYO5 | SY04 | SY03 | SY02 | SYol | Syoo | SYRAM code (E16)
E916 SYEX9| SYOB | SY9A | SY99 | SY98 | SY97 | SY96 | SY95 | SY94 | SY93 | SY92 | SY91 | SY90

For accessing to SYRAM data, set accessing address (YA7 to YAQ) (shown in Table 2.15.5) to
SYRAM address control register (020A16). Then write data (YD12 to YDO) by SYRAM data control
register (020C16). When end the accessing, SYRAM address control register increments address
automatically. Then, next address data writing is possible. Do not access to unused area (addresses
xA16 to xF16) of each SYRAM codes. But, when write data in succession, jump unused area and
increments address automatically. (ex. increment automatically from address 0916 to 1016).

Setting example is shown in Figure 2.15.15, SYRAM access registers are shown in Figure 2.15.16
and SYRAM access block diagram is shown in Figure 2.15.17.
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Example of SYRAM code 016 ....... Set character by addresses 0016 to 0916 data setting.

Address FD
YA |12|1110{9(8|7|6|5|4|3|2|1]|0
0016 |*|0|0|0|0|0O|O|0O|0O|0O|0O|0|2
0116 |*|0({0|0|/0|0|0|0|0|0|0|1|1
0216 |*|0|0|0|0|0O|O|0O|0O|Of2|1|2
I 0316 |*|0(0|0|0|0|0|0O|0Of21|1(12
-§ 0416 *0000000111111OOIOt$
— 0516 |*|0(0(0|0|0O|0O|1|2f2|1(12
0616 |*|0|0|0|0|0O|1|2|2|1{2|1|1
12 dots 0716 |*|0(0(0|0j2f2|1|2(21|1(1(2
0816 |*|0|0|0Of1|2|2(2|2|21({2|1|2
0916 |*|0(0f2|1j2(2|1|2(21|1(1[2
o _ AT < 12dots ———=
Color expansion bit SYEXx (set for each dot line)

The HIDE register (address 0D16) becomes valid for
only the dot line where * = 1.

For details, refer to the next section, “Compositing
font RAM and SYRAM.”

1 bit: 1 dot of character

Figure 2.15.15 Setting example of SYRAM

SYRAM address control register

b1s bs b7 £o Symbol Address When reset
DXDXDXDXDXDXIXIX] YA 020A16 000016
Function Setting possible value |RIW|
Specify accessing SYRAM address 0016 to E916 X0

Nothing is assigned. !
In an attempt to write to these bits, write “0”. The value, if read, turns out to —3—
be indeterminated.

Note : When access to SYRAM, must be set SYRAM at first, then use SYRAM data
control register (020C1s6).
SYRAM address control register increments by accessing SYRAM data control
reaister. So. it is not neccesarv to settina the next SYRAM address.

SYRAM data control register

bls b8 b7 b0
|><|><|><| | Symbol Address When reset
R H YD 020C16 000016
Function Setting possible value |R:Wj|

L] Write and read out the data of SYRAM which is specified
by SYRAM address control register (address 020A16)

000016 to 1FFF16  (Q!O

HE Nothing is assigned. :
. In an attempt to write to these bits, write “0”. The value, if read, turns out to ——]
be indeterminated. !

Note : Data access must be 16-bit unit. 8-bit unit access is disable.

Figure 2.15.16 SYRAM access registers
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Data bus (16-bit)

(address 020A16),

|

U]

SYRAM address control SYRAM data control

register (8) (YA7 to YAQ)

register (13) (YD12 to YDO)

(address 020C16)

\

Increment automatically
after data access

SYRAM
Character code 016 to E16

Figure 2.15.17 SYRAM access block diagram

Rev. 1.0

MITSUBISHI
ELECTRIC

161



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

Compositing font RAM and SYRAM

Can composite characters in font RAM with SYRAM.

The compositing method is determined by the SYEXx color expansion bit and the HIDE register (ad-

dress 0D1s).

For dot lines where SYEXx =0, the SYRAM color is set by the display RAM'’s SR, SG, and SB irrespec-
tive of the HIDE register’s content.
If the HIDE register’s content is 0, the SYRAM color for dot lines where SYEXx = 1 is set by the

registers LINER, LINEG, and LINEB (address 0816).

If the HIDE register’s content is 1, the font RAM part of the dot lines where SYEXx = 1 is overwritten in
HIDE mode with colors set by the registers LINER, LINEG, and LINEB irrespective of the font RAM's
content and color. The color of the SYRAM part is set by the display RAM’s SR, SG, and SB as in the
case of dot lines where SYEXx = 0.
Figure 2.15.18 shows an example for each instance of compositing.

Font RAM

[T TTTTTT

SYRAM

Compositing

Contents of
register 0 (normal mode) 1 (HIDE mode)
HIDE
SYEXx SYEXx
0 0
0 0
0 0
0 o I
0 0
Ex. 1 o - SR, o [ SR,
0 ~ o L SG
0 SG, o _——1 '
0
8 SB o | SB
LINER,
SYEXx SYEXx
1 LINER, 1 LINEG,
:1L LINEG, 1 LINEB
1 | LINEB 1
1 [ 1
Ex. 2 o [ o
o ] SR, 0 SR,
0 0 L —
o || ____—1 SG, 0 _— SG,
o [] 0
SB SB

When HIDE = 1, the font RAM's contents for dot lines where SYEXx = 1 become invisible.

Figure 2.15.18 Compositing example
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2.15.6 Slice RAM
Store 18-line slice data. There are 3 types of Slice data : PDC, VPS and VBI. All data are stored to
addresses which corresponds to slicing line (ex. 22 line' data is stored to addresses 20016 to 21716 ).
24 addresses (SR00x to SR17x) are prepared for 1 line, slice data is stored in order from LSB side.
Then, slice datas and field information are stored to the top address of each line.
Slice RAM composite is shown in Table 2.15.6.

Table 2.15.6 Slice RAM compaosition

Slice RAM addresses
(SA9 to SAD) SD15 |SD14 |SD13|SD12|SD11 |SD10 | SD9 | SD8 | SD7 | SD6 | SD5 | SD4 | SD3 | SD2 | SD1 | SDO Remarks

00016 SROOF | SROOE |SROOD|SRO0C|SR0O0B |SRO0A| SR009 | SR008 | SRO07 | SR006 | SR005 | SR004 | SR003 | SR002 | SR001 | SRO00 | 6th line or 318th line

00116 SRO1F|SRO1E|SR01D|SR01C|SR01B|SR01A|SR019 |SR018 | SR017 |SR016 | SRO15 |SR014 | SR013 |SR012 | SR011 | SR010 |slice data

01616 SR16F|SR16E|SR16D|SR16C|SR16B|SR16A|SR169|SR168 |SR167 | SR166 | SR165 |SR164 |SR163 |SR162 |SR161|SR160

01716 SR17F|SR17E|SR17D|SR17C|SR17B|SR17A|SR179|SR178 |SR177|SR176 | SR175|SR174|SR173|SR172 |SR171|SR170

01816
: Unused area

01F16

02016 SROOF | SROOE|SR00D | SROOC|SR00B | SROOA |[SR009 | SR008 |SR007 |SR006 [SR005 |[SR004 | SRO03| SR002| SR001| SR000| 7th line or 319 th line
: : : H : : : H : H H : : : H H : slice data

03716 SR17F|SR17E|SR17D|SR17C|SR17B|SR17A|SR179 |SR178 |SR177 |SR176 |[SR175 |SR174 | SR173| SR172| SR171| SR170|

04016 8th line to 21th line
: : or 320th line to 333 line

1F716 slice data

20016 SROOF | SROOE|SR0O0D | SROOC|SR00B | SROOA |SR009 | SR008 |SR007 |SR006 [SR005 |[SR004 | SRO03| SR002| SR001| SR000|22th line or 334th line
: : : : : : : : : : : : : : : : i |slice data

21716 SR17F|SR17E|SR17D|SR17C|SR17B|SR17A|SR179 |SR178 |SR177 |SR176 |[SR175 |SR174 | SR173| SR172| SR171| SR170|

22016 SROOF| SROOE|SR00D|SR00C|SR00B |SR00A |SR009 [SR008 [SR007 [SR006 [SR005 [SR004 | SR003| SR002| SR001| SRO00|23th line or 335th line
: i i i i i d i ] i i : H : ; ; : [slice data

23716 SR17F|SR17E|SR17D|SR17C|SR17B|SR17A|SR179 |SR178 |SR177 |SR176 |[SR175 |SR174 | SR173| SR172| SR171| SR170|

For accessing to slice RAM data, set accessing address (SA9 to SAQ) (shown in Table 2.15.6) to slice
RAM address control register (address 020E16 ). Then read out data from slice RAM data control
register (address 021016 ). When end the data reading, slice RAM address control register incre-
ments address automatically. Then, next address data reading is possible. Do not access to unused
area of each character codes. Must set address to each line because unused area has no address'
automatically increment.

Slice RAM bit composition is shown in Figure 2.15.19, Slice RAM access registers are shown in
Figure 2.15.20 and Slice RAM access block diagram is shown in Figure 2.15.21.
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The each head address of the address is corresponded to slicing line has stored next slice information.

SROOF to SR004 SR003 SR002 SR001 SR000
PDC 0 field * (Note) 0 0 1
VPS 0 field * (Note) 0 1 0
VBI 0 field * (Note) 1 0 0
Other 0 0 0 0 0
Note : * the first field : 1
the second field : 0
(1) PDC
In case of the PDC data, 16 bits (2 data) are stored for the 1 address from the LSB side.
Clock run-in Data 1 Data 3 Data 5 Data 40 Data 42
+ flaming code ! 'Data 2. ‘Data 4. Data 6. Data 39 Data 41 !
— 1 1 1 1 1 G 1 | 1 1
I Nl 1l :
L ML M 1
S Sls S
B BB B 1
! : : : : : S\ : : : :
SR010- SRO1F SR030-~ SO3F  SR140--- S14F
SR020- SO02F SR150 S15F
SR16x to SR17x are unused area.
(2) VPS

In case of the VPS data, 8 bits (a data) are stored for an address from the LSB side.

Low-order 8 hits stores the slice data. And, high-order 8 bits become warning bit, when the send data is not recognized as bi-phase
type.

The case of bi-phase data ="1,0" or "0,1" (the bi-phase type) becomes "0" for this warning bit, and it becomes "1" in bi-phase data
="0,0" or "1,1" (it is not the bi-phase type). (For example, bi-phase data of SR011 is "0,0" or "1,1", "1" is set to SR019.)

164

Clock run-in Data 1 Data 3 Data 12
M; '+ Data2 ' Data4 ' Data 1l ' Data 13 !
I I 1 [ [ \ \ ] [l 1 I
TTTTTTTT] [
L MIL M
S S|s S
B BB B
‘ ‘ ‘ ‘ AN ‘ ! |
SR010 - SRO17  SR030-SR037 SROBO-~SROB7 SRODO~SROD7
SR020-~SR027  SR040-~SR047 SROCO"SROC7
SROEXx to SR17x are unused area.
Clock run-in
(3) vBI + flaming code ' Data 1 ' Data 2 ' Data 3 ' Data 4 ' Data 5 '
— T | | | | |
\ [ 17T \
L M| L M
S S|S S
B BB B 3
| | |
SRO10 - SR017 SR030 SR037 SR050 - SR057<
SR020 - SR027 SR040 SR047
SRO06x to SR17x are unused area.
Figure 2.15.19 Slice RAM bit composition
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Slice RAM address control register

b1s b9 b8 b7 bo Symbol Address When reset

b
|><|><|><|><|><|><| | SA 020E16 000016

Function Setting possible value |RW

-1 Specify accessing slice RAM address 00016 to 23716 X0

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

Note : When access to slice RAM, must be set slice RAM at first, then use slice RAM data
control register (021016).
Slice RAM address control register increments by accessing slice RAM data control
register. So, it is not neccesary to setting the next slice RAM address.

Slice RAM data control register

b15 b9 b8 b b0
| Symbol Address When reset
. SD 021016 000016
Function RW,

4 Read out the data of slice RAM. !
Read out data of slice RAM which is specified by slice RAM address control register ( O X
address 020E16) by reading this register. '

Note : Data access must be 16-bit unit. 8-bit unit access is disable.

Figure 2.15.20 Slice RAM access registers

N Data bus (16-bit) 5
Slice RAM address control Slice RAM data control
(address 020E16) register (10) (SA9 to SA0) register (16) (SD15 to SDO) (address 021016)
\

Increment automatically
after data access

Slice RAM

Figure 2.15.21 Slice RAM access block diagram
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2.15.7 VBIRAM
Set 18-line VBI encode data. 5 addresses (8-bit [1 5) are prepared for 1 line, out put data in order from
LSB side in bi-phase type. Specifiy output pattern (the NRZ type) of header (clock-run in and framing
code) (each line command) at addresses 0016 to 0416.
VBIRAM composite is shown in Table 2.15.7, VBI encode data composite is shown in Figure 2.15.20.

Table 2.15.7 VBIRAM composition

VBIRAM addresses

(EA6 to EAD) ED7 |ED6 | ED5 |ED4 |ED3 |ED2 |ED1 |EDO Remarks

0016 VFO7 | VF06 | VFO5 | VF04 | VFO3 | VF02 | VFO1 | VFOO | Specify Clock-run in and Framing code pattern.
0l1e VF17 | VF16 | VF15 | VF14 | VF13 | VF12 | VF11 | VF10 | 1-bit corresponds to 1T (Max.40 bits).

: : : : : : : : : Outputs before data in each line (each line common).
0316 VF37 | VF36 | VF35 | VF34 | VF33 | VF32 | VF31 | VF30
0416 VF47 | VF46 | VF45 | VF44 | VF43 | VF42 | VF4l | VF40
0516 VRO7 | VRO6 | VRO5 | VR04 | VRO3 | VR02 | VRO1 | VFOO | Specify output data of 6th line and 318th line.
0616 VR17 | VR16 | VR15 | VR14 | VR13 | VR12 | VR11 | VF10 | 1-bit corresponds to bi-phase 1-bit (4T).
0816 VR37 | VR36 | VR35 | VR34 | VR33 | VR32 | VR31 | VF30
0916 VRA47 | VR46 | VR45 | VR44 | VR43 | VR42 | VR41 | VF40
0A16 VRO7 | VR06 | VRO5 | VR04 | VRO3 | VR02 | VRO1 | VFOO | Specify output data of 7th line and 319th line.

: : : : : : : : : 1-bit corresponds to bi-phase 1-bit (4T).
OE1e VRA47 | VR46 | VR45 | VR44 | VR43 | VR42 | VR41 | VF40
5516 VRO7 | VR06 | VROS5 | VR04 | VRO3 | VR02 | VRO1 | VFOO | Specify output data of 22th line and 334th line.

: : : : : : : : : 1-bit corresponds to bi-phase 1-bit (4T).
5916 VRA47 | VR46 | VR45 | VR44 | VR43 | VR42 | VR41 | VF40
5A16 VRO7 | VR06 | VRO5 | VR04 | VRO3 | VR02 | VRO1 | VFOO | Specify output data of 23th line and 335th line.

: : : : : : : : : 1-bit corresponds to bi-phase 1-bit (4T).
5E16 VR47 | VR46 | VR45 | VR44 | VR43 | VR42 | VR41 | VF40

Header part Data part
40 bits 5 bits
(NRZ) (bi-phase)

T : VBI encode base clock (frequency is 5 MHz, cycle is 200ns)

Figure 2.15.22 VBIRAM encode data compaosition

For accessing to VBIRAM data, set accessing address (EA) (shown in Table 2.15.7) to VBIRAM address
control register (address 021216). Then write data (ED) from VBIRAM data control register (address
021416). When end the data accessing, VBIRAM address control register increments address automati-
cally. Then, next address data writing is possible.

VBIRAM access registers are shown in Figure 2.15.23 and VBIRAM access block diagram is shown in
Figure 2.15.24.
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VBIRAM address control register

b1s b8 b7 b0 Symbol Address When reset
EA 021216 000016
Function Setting possible value |R W
Specify accessing VBIRAM address 00016 to 5E16 XEO

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to
be indeterminated.
Note : When access to VBIRAM, must be set VBIRAM at first, then use VBIRAM data
control register (021416).
VBIRAM address control register increments by accessing VBIRAM data control
register. So, it is not neccesary to setting the next VBIRAM address.

VBIRAM data control register

b15 b8 b7 bo
Symbol Address When reset
T ED 021416 000016
Function Setting possible value |R W

-- Write and read out the data of VBIRAM which is specified |

by SYRAM address control register (address 021216 0016 to FF16 00

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

Nothing is assigned.
be indeterminated. 1

Note : Data access must be 16-bit unit. 8-bit unit access is disable.

Figure 2.15.23 VBIRAM access registers

N Data bus (16-bit) 5
VBIRAM address control VBIRAM data control
(address 021216) register (7) (EA6 to EAQ) register (8) (ED7 to EDO) (address 021416)

Increment automatically
after data access

VBIRAM

Figure 2.15.24 VBIRAM access block
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(1) Setting of Clock-run in and Flaming code
Specify clock-run in and flamig code output pattern at VBIRAM addresses 0016to 0416 (40 bits). Data
1-bit corresponds to 1T, every byte is output at LSB first.
When clock-run in and flaming code are less than 40 bits (40T), put "0" to the top (from the end, set "0"
to unused bit). This pattern of every line is common, outputting before data of every line. Example of

setting is shown in Figure 2.15.25.

Clock-run in Flaming code
11001100110011 000111001100110000011100 ...(a)
0011001100110011 000111001100110000011100 ...(b)
00110011 00110011 00011100 11001100 00011100 ....(c)
CCH CCH 38H 33H 38H ...(d)
VBIRAM address 0016 0lie 0216 0316 0416
Data 00CCz1s6 00CCazs 003816 003316 003816

(a) Clock-run in flaming code output pattern
(1-bit corresponds to T)

(b) Add 0 O 2 to the top for becoming 40 bits.

(c) Cut every 8 bits.

(d) Change upper and lower for LSB first mode.

(e) Write from VBIRAM address 0016 at 16-bit mode

...(e)

Figure 2.15.25 Example of setting

(2) Data setting

Set 5 bytes data for 1 line. Setting data is output in bi-phase method. VBI data 1 bit is corresponds to
output bi-phase 1 bit (4T). Data specifying is set to RAM which is corresponds to RAM corresponding
to the line specifying composition at expansion register VBILO to VBIL17. When set to RAM of unspe-

cific line, output is disable.
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(3) EDO2 (VBI-BLNK) signal output specification
EDO?2 signal (BLNK signal for VBI signal) output including former 1.8us and outer 6.4pus of VBI encode
data. Example of output timing is shown in Figure 2.15.26.

Horizontal synchronous signal LI u
Clock-run in +
E Flaming code Data 5 bytes
' —
EDO1

(VBI encode data)

Expansion register
(COO0 to CO5)

EDO2
(VBI blank)

Figure 2.15.26 Example of output timing
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2.15.8 Expansion Register

Control function of OSD function, Data slicer function and VBI encoder function. Expansion register

composition is shown in Table 2.15.8.

Table 2.15.8 Expansion register composition

— - - - - - - - - - - - - - - - - 9122

— - - - - - - 1HOI3H 18q - - - - - - - - - 9TTZ

Bumas aais|  OXVIN TXVIN ZXVIN EXVIN PXVYIN SXVIN B - ONIN TNIN ZNIN ENIN PNIN SNIN - - 910¢

Bey piay ‘osoe - - - B ad B B NOYOVIN B B B B B B B - 9141

— - - - - - - - - - - - - - - - - o131

Bumas Aouanbayy SAA| 0SSAA™AIA | TSSIA AIQ | ZSSAA AId | 0SdA AIQ | TSAA AId | ZSAA AIQ | €SdA AIQ | ¥SAA AID | SSIA AIQ | 9SdA AIQ | LSAA AId | 8SA AIQ - - - - 91dT

Bumas Aouanbayy 9ad| 0S0Ad Ald| TSOAd AId| 2S0Ad AId| 00Aad AId | TOAd Ald | 20ad Ald | €0Aad AId | ¥Oad Ald | S§OAd AIQ | 90ad AId | £0ad Ald | 80Ad Al | ¥33d73S - - - 910T

— - - - - - §0ad MHO - - - - - - - GSdA IHO - - 91gT

Bumes Buirey SdA *0ad| 007470ad | 1014700d | 207470ad | £9714700d | #9174 0ad | §07470ad | 997470Ad | £07470Ad (00714 SAA|TO 1 SdA| 20714 SAA|€D14” SdA| 7014 SdA|SOT14 SAA| 9014 SdA| L0714 SdA|  9TvT

Bumas so1s|  T40Ad ¢40dd T4dSdA ¢4SdA TdIgA 2dIgn T4ON3 Z4ON3T | 03NIT SdA | TANIT SdA| ZaNIT SdA | €3NIT SdA | ¥aNIT SAA | 9TTIGA LT18A - 9T6T

Bumes spoous 1gA|  0TIGA TgA 2lan €Tan Allcny STaA 9T1aA LT1aA 8T1gaA 67119A 0TIgA TT1GA <TIan ETAA YT1aA STIGA 918T

Bumas uonisod a21js SdA| €dH SdA | vdH SdA | SdH SdA | 9dH SdA | LdH SdA | 8dH SdA | 6dH SdA | OTdH SdA - - - - and - S1SOH ISOH 9T

Bumas uomsod 821js 9ad| €dH 2dd | ¥dH 0ad | SdH 0Ad | 9dH OAd | LdH 2ad | 8dH 2ad | 6dH 0ad | 0TdH oad - 1ad 2ad - - - - HME9d 919T

Bumas 440/NO uone(so| OOA MO - - ODA TVLIX - - NO 02A™2ad - - NO OOASdA - - - TAGLS - - 9IGT

Bumes Aedsiq] - - - - - - TNI - - - - - - - - - 9T

— - - - - - - - - - - - - - - - - 91ET

Bumes says|  OINIS T3S Zias BREN] ES] EEN B - - - - - - - - HSdA 13s 9121

— - - - - - - - - - - - - - - - - orTT

Bumes a0lls ‘uoneredss oukg - ans SdA - - 0dA 1S | TdA'11S | 2dA11S | TATSTS - - ONO™d3SONAS - - B B 11S713s 910T

Bumas [0.)U02 J80IIS - - - - - HOQd 73S - - NOav - - - - - - - 9140

Bumas Jo09| 0ISYHd | TASVHd | Z3SVHd | ¥3NN 93NN ganm | Movial B B - B yZ1Iv ONOA - B - 9130

Bumas jonuoo Kedsia| X3 B NOdSa | ANOdSa B - B HIVd | NONINI | 0713A3T 3aH do3 dXN IVdN - aid13s 91do

Bumas fouenbay Aeidsial  00d 10d 2od €0d vod S0d 90d 10d - TNOA - B SVanIL ONI B WvO3s 9100

Bumas pod ‘lo1os|  0LSS T1SS z1ss €1Ss ¥1SS 101d 801d - 0aN3S | TAN3S | 2AN3S | €AN3S | vAN3S ,dld 8dld - 9190

Bumas jjosos ‘Reso|  0L19S TLas clias €11as ONIIS TNITS ZNITS ENITS YNITS NOAYO HAHO OAHO gAdD - - - 9Tv0

Bumas apow Aeidsial 9TTdSA | LTTdSA | 8TTdSA | 6TTdSA | 0ZTdSA | TZTdSA | 22TdSA | €21dSA | v2Tdsd - B B - - - - 9160

Bumas spow Aejdsial  0TdSA T1dsd ¢1dsa €1dsd v1dsd S1dsd 91dsd 11dsd 81dsd 61dsd 0TTdSA | TTIdSA | <T1dSA | €11dsd | v11dsd | ST1dsd 9180

Bumas spow Aejdsial 9T0dSA | LT0dSA | 810dSA | 610dSA | 020dSd Tcodsa ¢ec0dsa €¢0dsa | veodsa 000 10O 200 €00 00 S00 - 9T.0

Bumas spow Aedsigl  00dSA 10dSa 20dsa £0dSa 0dsa 50dsa 90dsa £0dsa 80dSa 60dSA | 0T0dSA | T10dSA | 2T0dSA | €10dSA | ¥10dSA | ST0dSA 9190

Bumas Bunjuiig pue azis feaap|  9TZSA LTZSA 8TZSA 6TZSA 0CZSA TCZSA CCZSA €CZSA VCZSA OXNITg YNNG DINING - - - - 9150

Bumes azis [eomap|  0ZSA TZSA CZSA €ZSA VZSA GZSA 9ZSA LZSA 8ZSA 6ZSA 0TZSA TTZSA CTZSA €TZSA YTZSA STZSA 9T%0

Bumas azis [euozuoH|  9TZSH LTZSH 8TZSH 6TZSH 0¢ZSH TCZSH CCZSH €¢ZSH VC¢ZSH 1004 0ls3L T1s3L [ARSENN - - - 9TED

Bumaes azis feyuozioH|  0ZSH TZSH CZSH €ZSH VZSH SZSH 9ZSH LZSH 8ZSH 6ZSH 0TZSH TTZSH CTZSH €TZSH V1ZSH STZSH 9120

Bumas pod ‘uonisod Aejdsip fejuozuoH|  0dH TdH 2dH €dH vdH SdH 9dH LdH 8dH 0dld Tdld 2dld €dld vAald Ssdld 9dld 9170

Bumas uod ‘uomsod Aejdsip [eatua| 0dA TdA ¢dA €dA VdA SdA 9dA LdA 0AdlLS 001d 101d 201d €01d ¥01d SO1d 901d 9100
syleway oaa 1aa zaa €aa vaa saa 9aa Laa 8aa 6aa oraa 11a0a zraa €1aQ ¥1aa §T1aa |ovaosva

Rev. 1.0

* MITSUBISHI
ELECTRIC

170



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

For accessing to expantion register data, set accessing address (DA5 to DAQ) (shown in Table 2.15.8)
to expantion register address control register (address 021616). Then write data (DD15 to DDO) by
expantion register data control register (address 021816). When end the data accessing, expantion
register address control register increments address automatically. Then, next address data writing is
possible.

Expantion register access registers are shown in Figure 2.15.27, expansion register access block
diagram is shown in Figure 2.15.28, and expansion register bit compositions are shown in p172 to p197.

Expansion register address control register

b15 b8 b7 b5 o Symbol Address When reset
A : Function Setting possible value |RW
:..| Specify accessing expansion register address 0016 to 2216 OEO

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

Expansion register address auto increments set
0:vaid / 1:invaid (Note2)

Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to —3—
be indeterminated. :

Notel : When access to expansion register, must be set expansion register address
at first, then use expansion register data control register (021816).

Note2 : When bit 8 =“0” setting,expansion register data control register increments by
accessing expansion register data control register,so it is not neccesary to
setting the next expansion register address.When bit 8 =“1" setting,the address
is fixed.

Expansion register data control register

b15 b8 b7 b0
| | | Symbol Address When reset
DD 021816 000016
Function Setting possible value [RW
. Write and read out the data of expansion register which is '
specified by expansion register address control register 000016 to FFFF16 00
(address 021616) |

Note : Data access must be 16-bit unit. 8-bit unit access is disable.

Figure 2.15.27 Expansion register access registers compaosition

N Data bus (16-bit) 5
Expansion register address Expansion register data control
(address 021616) | (DAS) control register (5) (DA5 to DAO) register (16) (DD15 to DDO) (address 021816)

Increment automatically
after data access

>—] J

Expansion register

Figure 2.15.28 Expansion register access block diagram
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Expansion register construction

(1) Address 0016 (= DA5to 0)

DD8DD7 DDO

DD15

3 I O 01910101 010190/.0.
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DD15

(2) Address 0116 ( = DA5 to 0)

DD8DD7

Bit symbol Bit name Function
HPO Horizontal display start position | If HS is the vertical display start position,
selection bit 8 H

HS= TlDZOZ”HPn+9 H

& :

HP1 T1: Cycle with the display clock :
HP2 i
HOR :

HP3 U‘ i
3 Vs

HP4 '
= K| character '

i HS| displayi '

playing '

HP5 > area i
HP6 :
HP8 to HPO < (0000100112) :

HP7 are disable H
HP8 ;
0 When port output : fixed to L , when EDO2

PTDO Port P11o data selection bit output: specified ne_gatlve polarity. '
When port output : fixed to H , when EDO2 !

1 output : specified positive polarity. :

0 When port output : fixed to L , when EDO1 E

PTD1 Port P111 data selection bit output: specified ”?ga“ve polarity
1 When port output : fixed to H , when EDO1 !

output : specified positive polarity. \

0 When port output : fixed to L , when CSYN :

) . output : specified negative polarity. :

PTD2 Port P112 dat lection bit i
or 2 data selection br 1 When port output : fixed to H , when CSYN

output : specified positive polarity. !

0 When port output : fixed to L , when BLNK

. . output : specified negative polarity. '

PTD3 Port P11 | - !
ort 3 data selection bit 1 When port output : fixed to H , when BLNK H

output : specified positive polarity.

0 When port output : fixed to L , when B output :

. . specified negative polarity. ,

PTD4 '
Port P114 data selection bit 1 When port output : fixed to H , when B output : |~

specified positive polarity. i

0 When port output : fixed to L , when G output: | 1

) . specified negative polarity. !

PTD5 !
Port P11s data selection bit 1 When port output : fixed to H, when G output :{

specified positive polarity. 1

0 When port output : fixed to L, when R output: | !

specified negative polarity. '

PTD6 Port P116 data selection bit D gative polaitty !

1 When port output : fixed to H , when R output :
specified positive polarity.
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(3) Address 0216 (= DA5to 0)

DD8DD7

Bit symbol Bit name Function RiW

HSZ0 The Oth line hon‘zontgl Hor|zor_1tal dl‘rectlon character size o0
character selection bit of the line n is set by HSZn !
o ] (n=0to 24). .

HSZ1 The first line hOIiIZOﬂt.a.| Set at one time or two times in the o0
character selection bit each every line. :

HSZ2 The second Iine‘horizlontal OEO
character selection bit Hs7n Horizontal direction !

HSZ3 The third line horizontal character size O:O
character selection bit 0 1T/dot (one time) :
; ; 1 2T/dot (two times H

HSZ4 The 4th line horizontal ( ) O:0

character selection bit .

T : Display clock :
HSZ5 The 5th line horizontal o0
character selection bit ,

174

HSZ6 The 6th line hori‘zontelll o0
character selection bit !
hsz7 | The 7thline horizontal ol
character selection bit :
HSZ8 The 8th line horizontal OEO
character selection bit !
HSZ9 The 9th line hori‘zontgl OEO
character selection bit !
HSZ10 The 10th line ho‘rizonltal OEO
character selection bit :
HSZ11 The 11th line horizontal OEO
character selection bit H
HSZ12 The 12th line ho_rizon.tal OEO
character selection bit !
HSZ13 The 13th line ho_rizon.tal OEO
character selection bit :
HSZ14 The 14th line horizontal OEO
character selection bit H
HSZ15 The 15th line ho_rizon.tal OEO
character selection bit !
Rev. 1.0
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(4) Address 0316 (= DA5to 0)

DD15

DD8DD7

DDO

Bit symbol Bit name Function R W

HSZ16 The 16th line hoArizon‘taI Horizontal diArection character size OEO
character selection bit of the line n is set by HSZn :
) ) (n=0to 24). !

HSZ17 The 17th line horizontal Set at one time or two times inthe  |OIO
character selection bit each every line. H

HSZ18 The 18th line ho_rizon_tal OEO
character selection bit - Horizontal direction !
. . character size !

HSZ19 The 19th line ho'rlzon.tal - 00
character selection bit 0 1T/dot (one time) :
; : 1 2T/dot (two times :

HSZ20 The 20th line ho.rlzon.tal ( ) 00
character selection bit . H
T : Display clock .

HSZ21 The 21th line ho.rizon.tal OEO
character selection bit '

HSZ22 The 22th line ho_rizon.tal OEO
character selection bit :

HSZ23 The 23th line horizontal OEO
character selection bit H

HSZ24 The 24th line ho_rizon_tal OEO
character selection bit !
Blanking of DSP1n and DSPOn H

BCOL All blanking selection bit g o0
Al raster blanking !

TESTO OEO

TEST1 Test bit Must always be set to "0". OEO

TEST2 00

Reserved bit Must always be set to "0". O EO
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(5) Address 0416 (= DA5to 0)

176

DD15 DD8DD7 DDO
A Bit symbol Bit name Function RIiW
e VSZ0 The Oth line vertical character | Vertical direction character size of |~
e size selection bit the line nis setby VSZn (n=0to 24) | ~:
. H [ The first I tical ch " Set at one time or two times each H
L R A e S vsz1 he first line vertical character every line. 00
e size selection bit !
N The second line vertical OEO
1 ! ' character size selection bit vszn Vertical direction '
e VSZ3 The third line vertical character size o0
T A A character size selection bit 0 1H/dot (one time) :
P N ysza | The 4thline vertical character 1 2H/dot (two times) OEO
oy ! o size selection bit ) i
e H : Horizontal synchronous pulse :
e The 5th line vertical character H
bbbt VSZ5 ) . X '
A size selection bit O:O
S The 6th line vertical character :
' ] [ [ ] | mmmmmmmmm e e mmmm VSZG :
T size selection bit O:O
The 7th line vertical character :
 COLCETEEEEFEPREREEE, VSsz7 ! e ver :
- size selection bit O:O
: E E E E E E E The 8th line vertical character I
T bbbttty VSz8 . ) . OO0
A size selection bit :
oo The 9th line vertical character
e VSZ9 ' N 00
B size selection bit '
The 10th line vertical :
Plon o TTTTmmmmmmmmmmmsmmmeomoes vsz10 ; N 00
[ character size selection bit \
E E E E E The 11th line vertical H
e R bbb bbb R E bbb bbbl VSz11 . o O:0
N character size selection bit :
T The 12th line vertical
A VSZz12 , S O:.0
N character size selection bit '
e e e e e e VSZ13 The 13th line vertical OEO
- character size selection bit
b vsz1a | The 14th line vertical OEO
character size selection bit :
] VSZ15 The 15th line vertical O:O
character size selection bit !
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(6) Address 0516 (= DA5to 0)

DD15 DD8DD7 DDO

lofofofo[ [ [ [T [ [T 1]1] A ,
R Bit symbol Bit name Function RIW
A A A bt vszig | The l6thline vertical Vertical direction character size of olle)
A . character size selection bit the line nis set by VSZn (n=0to 24) | —.
. i ) Set at one time or two times in the
A Vot VSZ17 The 17th I”?e vertlcal. . each every line. OO0
P e character size selection bit !
P b vszis T:e 18:“ line Vertl'cat'. i 00
. E P character size selection bi vSZn Vertical direction 1
A : : character size '
T VSZ19 The 19th Ilqe verncall . : 00
R B A character size selection bit 0 1H/dot (one time) ,
A ; ; 1 2H/dot (two times '
A VSZ20 The 20th Ilqe vertlcall . ( ) 00
P e e character size selection bit . !
A H : Horizontal synchronous pulse .
E i E E E E E E E E VvSsz21 The 21th Ilqe vertlcal. . OEO
A character size selection bit '
AR [ VSZ22 The 22th Iine verticall . el
R B A character size selection bit H
O VSZ23 The 23th Ilqe vertlcall . 00
e character size selection bit !
T vsze4 | The 24thline vertical OEO
P character size selection bit '
H E E E E E A . . BLINK1 | BLINKO DUTY :
P BLINKO Blinking duty selection bit 0 0 Blinking off O:O
P 0 1 25% 5
A R BLINK1 1 1 50% H
T 1 0 75% O:O
P o o 0| Cycle approximatery 1 second. ;
E E E E BLINK2 Blinking cycle selection bit 1| Cycle approximatery 0.5 second. OEO
e RGLEEEETTEEETTEEEPTTEEEPTTEEPPEEREPREY Reserved bit Must always be set to "0". 0:0
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(7) Address 0616 (= DA5 to 0)

DD15 DD8DD7 DDO

Bit symbol Bit name Function RiwW
DSPQO The OFh Iing display mode Set thg display mode of the I[ne n OEO

selection bit (blanking mode) by combination of !

. ) DSPOn (addresses 0616 and 0716) |
DSPO1 The f|rst I|n‘e display mode and DSP1n OEO

selection bit (addresses 0816 and 0916)

The second line display mode| (1 = 0 t0 24) :
DSPO2 | o bit Py 3 kinds of following setting are .0

possible for the each every line. 1

The third line display mode '
DSP03 selection bit DSP1n [DSPOn | Display mode OEO

0 0 Character H
DSPO4 The 4Fh Iing display mode 0 1 Disable OEO

selection bit 1 0 Matrix-outline '

. . 1 1 \
DSPO5 The 5Fh Ilng display mode Halftong loe)

selection bit :
DSPO6 The 6Fh Iing display mode OEO

selection bit !
DSPO7 The 7Fh Iing display mode OEO

selection bit :

The 8th line display mode :

DSP08 '
selection bit O:O

The 9th line display mode :

DSP09 :
selection bit O:O

The 10th line display mode :

DSP010 !
selection bit OEO

The 11th line display mode :

DSPO11 '
selection bit O:O

The 12th line display mode

DSP012 H
selection bit O:O

The 13th line display mode :

DSP013 '
selection bit OEO

The 14th line display mode :

DSP014 '
selection bit O:O

The 15th line display mode :

DSPO015 |
selection bit O:O
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(8) Address 0716 (= DA5to 0)

DD15

DD8DD7

Bit symbol Bit name Function RIW
DSPO16 The 1§th Iipe display mode Set th(_a display mode of the Ii_ne n OEO
selection bit (blanking mode) by combination of !
The 17th line displ d DSPOn (addresses 0616 and 0716) \
DSP017 le . l';‘te Isplay mode and DSP1n ee)
selection bi (addresses 0816 and 0916) H
The 18th line display mode (n=0to24) .
DSP018 selection bit 3 kinds of following setting are o0
possible for the each every line. L
The 19th line display mode ,
DSPO19 selection bit DSP1n |DSPOn | Display mode OEO
- - 0 0 Character T
DSP020 The Zpth Ilpe display mode 0 1 Disable lelle)
selection bit 1 0 Matrix-outline !
. . 1 1 Halftone ]
DSP021 The Z;th Ime display mode 00
selection bit !
DSP022 The 22th Iir"ne display mode OEO
selection bit '
DSP023 The 2§’th Iir_1e display mode OEO
selection bit :
The24th line display mode '
DSP024 |
selection bit O:O
CO0 VBI,?nCOde hqrizoqtal start VBI encode horizontal OEO
position selection bit start position !
co1 : I 00
coz i U loio
A i
CO3 : H
COO0 to CO5 O:O
CO4 (Each line are set to common) OEO
cos 00
Reserved bit Must always be set to "0". 0O
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(9) Address 0816 (= DA5 to 0)

DD15 DD8DD7 DDO
R Bit symbol Bit name Function RiW
DSP10 The 10th line display mode Set the display mode of the line n O:O
o . selection bit (blanking mode) by combination of '
T ) ) DSPON (addresses 0616 and 0716) j
A : DSP11 The 1;th Ilpe display mode and DSP1n o0
A selection bit (addresses 0816 and 0916) .
The 12th line display mode (n=0to24) '
o ! DsP12 selection bit pay 3 kinds of following setting are O:O
A H possible for the each every line. L
. The 13th line display mode H
A . DSP13 selection bit DSPin |DSPOn | Display mode OEO
P : 0 0 Character T
o DSP14 The 1f1th Iir_1e display mode 0 1 Disable OEO
I ' selection bit 1 0 Matrix-outline .
A H 1 1 \
IR : bsp1s | The 15th line display mode Halfone 11| 1
AR selection bit !
DSP16 The 16th line display mode OEO
ol i selection bit :
o DSP17 The 17th Iipe display mode OEO
oo . selection bit :
The 18th line display mode '
LR T EEEEEEEE DSP18 oth i '
A selection bit O.0
N The 19th line display mode
A DSP19 :
o selection bit O:O
: B The 20th line display mode
A CGCCCEETEEEEEEEEEEEEEEE DSP110
A selection bit OEO
E E E E E _________________________________ The 21th line display mode '
I DSP111 :
E HE selection bit O:O
O The 22th line display mode
oo DSP112 H
b selection bit O;O
SRR The 23th line display mode
b DSP113 ;
I selection bit O:O
R DSP114 | The 24th line display mode
: selection bit O:O
e Dsp115 | The 25th line display mode ;
selection bit O:O
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(10) Address 0916 (= DA5 to 0)

DD15 DD8DD7 DDO
[ofofololololo] 1 1 T [T 1T ] | |
[ : N Bit symbol Bit name Function R1W
; E E E E E E L DSP116 The 16th line display mode Set the display mode of the line n OEO
H : T selection bit (blanking mode) by combination of H
E . o ] ] DSPOnN (addresses 0616 and 0716) '
P E [ R DSP117 The 1_7th I|r_19 display mode and DSP1n 00
A P selection bit (addresses 0816 and 0916) :
: P o The 18th line display mode (n=0to24) ;
[ . DSP118 selection bit pay 3 kinds of following setting are O:O
. E H possible for the each every line. .
P S The 19th line display mode 5
[ DSP119 selection bit DSP1n | DSPONn Display mode O:O
I 0 0 Character '
A DSP120 | The 20th line display mode 0 1 Disable 00
I selection bit 1 0 Matrix-outline '
b ] ] 1 1 Halftone '
e Dsp121 | The 21th line display mode OO0
b selection bit ;
N Dsp122 | The 22th line display mode o0
b selection bit '
: Lo ] Dsp123 | The 23th line display mode OEO
P selection bit
: E 5 The24th line display mode :
L e DSP124 :
o selection bit OEO
""" hosmeseshesessssssssssssssssssssooooo-| Raserved bit Must always be set to "0". 0:0
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MITSUBISHI MICROCOMPUTERS

M306H1SFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(11) Address OA16 (= DA5 to 0)

DD8DD7 DDO

DD15

2319191019010 10 101010 .9 ].¢ Q... Q..1...0.[.O]
xr O] O[O ]J]O]J]OC[O]J]O]O[O @) @) @) @) o
— = o %=
= = 5] ] .
<] [S) 0 z s = ez 2 o] @
3 5 3 35 5 R EEEEEE R
7] a 5 0 9 S EHEEEERE R
o e < @ 8 O| | [ 5| 2[®| &|Of=| D= .
S I~ [ g ® 8 ° = L :
8 S ks 8 o g c 2 e
s| = S ° = R} z OD, £ = =}
5| 8 S 5 S s5.38| |[2e|ls 29 | @
gl & A 5 NE RS £ 8 | %o —|o||o|=|ol«] =2 7]
=1 o o Wm<_E | © = o o X )
L8 = E g = 2 sgeo |8 2|8 20 [ g
3 o a = @ 7 . 2cwe|glEd||oe 2% 2
S I oL 5 0 008 82D 5 |5 22 ||Z o o]0~ &= m
Ng = 9 Ng = 5 2o |=|l2%9 5 S € =
B A 2Nl ™ ® N T s 8@ 5= mdm o o T
< S - E2 ol s ZLE_FWIEFE |[a = 5
w o < m T " o m ISz |5l s2| S3 S
=35 %) n @ =35 »n De2nz=Ov |20 ||goloe|o ] &> s
o 9
=
IS
— - c
S s}
© k] 2
of & =4 Q 5
£l & 2 s |3
2l T = T = P P
ol 52 a8 = &5
=3 o
R = R @ o S
=] T o 5 39
== = =1
= © = © O
go g g g2
ol a 0] G 3 £
—_ °
S > m
2] o — I ™ o - o~ 2] < 14 O] m
ElE|E|E|lE|l 2|2 |2|2]:z2 S > > > 2
) om oM o0 o0 - - _ _ — x o a4 o [ ]
= [%2] [%2] " [ ] (] (] (%] (%)) o O] (O] O] o
e}

Note 1. Refer to register RGBWH (Address 1616) about RGB output.
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(12) Address OB16 (= DA5 to 0)

DD8DD7

Bit symbol Bit name Function RiW
SSTO Scroll block start line If SC is start line of scroll block, OEO
selection bit H
SST1 O.0
4 '
SC= 32"SSTn :
SST2 n=0 00
SsT3 Q0
SST4 to SSTO = (110002) '
SST4 is disable O,O
0| P7 output H
PTC7 Port P7 output selection bit o0
1| GRAY output !
0| P8 output H
PTCS8 Port P8 output selection bit P O:0
1| SLICEON output !
Reserved bit Must always be set to "0". 0:0
SENDO Scroll block last line If SD is the fixation start line of the OEO
selection bit below the scroll block '
(last line of the scroll block + 1) !
SEND1 4 :
SD= y2"SENDn O;O
n=0 T
Set the value which will be H
SEND2 (SEND4 to SENDO) > (SST4 to ssT0) + 2 [O1O
When scroll on, :
SEND3 SEND4 to SENDO < (000012) and O:O
SEND4 to SENDO = (110102) are disable. '
SEND4 When scroll off, OEO
SEND4 to SENDO = (000002) is available. E
0 When port output : fixed to "H" when GRAY 1
. . output : specified negative polarity !
Port P7 lection bit : 0.0
PTD7 ort P7 data selection bi 1 When port output : fixed to "L" when GRAY '
output : specified positive polarity .
0 When port output : fixed to "H" when !
. . SLICEON output : specified negative polarity| __ 1
Port P8 dat: lection bit " '
PTD8 or ala selection b 1 When port output : fixed to "L" when OEO
SLICEON output : specified positive polarity | &
Reserved bit Must always be set to "0". 0:O
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(13) Address 0C16 (= DA5 to 0)

184

DD15 DDO
LLof [fofo[ fof [ [T TT11] _ .
: ' Bit symbol Bit name Function RIW
PCO Display frequency Control display frequency fT, 00
H : selection bit !
E : 7 ;
i A A PC1 fr=fu 0 {32"PCn+512} o0
i i n=0 r
: R PC2 fH : Horizontal synchronous signal le}le)
' ! frequency :
; R TEEr PC3 o0
5 : PC7to PCO <(011111112) ;
: _______________ pCa is disable. OEO
i S CIEIT TR PC5 (e}le)
Set PC7 to PCO = (111101012), '
! : normally. :
: : PC6 O:0
; ; PC7 olle
! Reserved bit Must always be set to "0". O O
i Color burst ON
: O YON1 Color burst at lntem.al . 00
' ' synchronous selection bit (Note) | 1 | Color burst OFF '
; S Reserved bit Must always be set to "0". 0O Q
' 0 Time base ON
SRR CE TR L LR L L LR LE LR TIMBAS Time base selection bit - O:0
! 1| Time base OFF '
' 0| External synchronous settin
: INO Interngl sypchronous Y [¢] 00
: selection bit 1| Internal synchronous setting :
e Reserved bit Must always be set to "0". 0 : @
Combination selection bit |0 | Do not superimpose the carrier
! from SECAMIN pin from SECAMIN pin. E
. SECAM : . GO
1| Superimpose the carrier from h
SECAMIN pin. :
Notel. When moto-tone display (YONO(address OE16)= "1") setting, must be set to "1".
Rev. 1.0
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(14) Address 0D16 (= DA5to 0)

DD15 DD8DD7 DDO
LIof [ [ L[ []]ofofo] [ |of | ,
A . ' Bit symbol Bit name Function RIW
Vo H H External/internal synchron 0 | External synchronization :
Pobobo : EX te _a/ Fe al synchronous o0
oo : selection bit Internal synchronization '
Pt Reserved bit Must always be set to "0". 0:0
P P igi i i i 0 | Digital output display OFF. '
A P DSPON Digital display selection bit g p play o0
A H 1 | Digital outoput display ON. :
N H i i i 0 | Composite video signal output display OFF{ 1
AR ] DSPONV Analog display selection bit p 9 put display 00
o 1 | Composite video signal output display ON. '
R R LAUGRCETTELELEE Reserved bit Must always be set to "0". 0:O
: E E E E Number of scanning line PALH | INT/NON | Number of scanning line H
HGRECEEEECEE LR PALH er ot :
A selection bit 0 0 625H O:O
Vo 0 1 626H .
I I S GRCOELELLELLEELEED INTNON L 0 624H 00
A 1 1 628H '
E E E E E i i i 0 | Composite video signal generation circuit OFF.| 1
T LEVELO Vldeo_&gngl generation p gnal g oo
oo selection bit 1 | Composite video signal generation circuit ON. |
P . . i i 0 | SYRAM writing over :
S HIDE SYRA_M expantion display 9 00
A selection bit 1 | SYRAM writing over or character erasing| ~ :
AR Equivalent pulse selection bit | O | Do notinclude equivalent pulse.
 SRGRACRCERICCEEEECEEEEEEEEE, EQP a P : e)e)
N 1| Includes equivalent pulse. :
P Broadcast method N/P MPAL _ | Broadcasting method :
[l ' ' [ T NXP :
N selection bit 0 0 NTSC O:O
: ' ' 0 1 M-PAL T
R MPAL 1 0 PAL 0:0
. 1 1 Disable :
P TTTTmTmmmmmmmmmmmmsmmmmmomsm oo Reserved bit Must always be set to "0". 0:0
e ] SELFLD Field ?t non interlace 0| The secound field. OEO
selection bit 1| The first feld. :
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(15) Address OE16 (= DA5 to 0)

DD15 DD8DD7 DDO
lofofo] | fofolofo] [ [ [ [ ]] _ |
! e Bit symbol Bit name Function RIW
. i i i R PHASE2|PHASE1|PHASEQ Color .
i ' I i ; 0 0 0 Black i
; P PHASEO | Raster color selection bit o o 1 e O O
E H - E E E E E E E 0 1 0 Green :
H H T A 0 1 1 Yellow :
: ' e 1 0 0 Blue '
H e er PHASE1 1 0 1 Magenta H
H . 1 1 0 Cyan O :O
H N 1 1 1 White !
Raster color setting when Register :
: R GRYON =0 '
E E E E E E E E PHASE2 Refer to address 0A16 when color O EO
H A setting at GRYON = 1 H
P LINEB | LINEG | LINER Color H
I [ A i i 0 0 0 Black H
; R LINER SYRAM color selection bit o o n o O :Q
E E E T 0 1 0 Green H
! . T 0 1 1 Yellow :
: T 1 0 0 Blue :
H T LINEG 1 0 1 Magenta :
: [ 1 1 0 Cyan O :O
: T 1 1 1 White ]
: T SYRAM color setting when Register 1
' oo GRYON =0. :
: N LINEB Refer to address 0A16 when color O :O
P setting at GRYON = 1. H
A i i of1.6v :
; P LBLACK Vldeo_5|gnz_il black level o)
' v selection bit 1] 1.8v h
H - Reserved bit Must always be set to "0". O O
E ________________________________ ALL24 Horizontal direction matrix 0 | OSD horizontal display range (40 characters) EO
outline range selection bit 1 | All range of horizontal display period.
____________________________________ voNo | ntemal synchronous 0| Color display O
moto-tone display selection bit [ 1| Mono-ton display (Note1 )
---------------------------------------- Reserved bit Must always be set to "0". 0:0
Notel. When moto-tone display(YONO="1") setting, must be set YON1(address OCz16)="1".
(16) Address OF16 (= DA5to 0)
DD15 DD8DD7 DDO
|o[o[o]o] A ,
N Bit symbol Bit name Function RIW
Rl Reserved bit Must always be set to "0". O EO
0 | Generats PDC clock in based on external fH. i
""""""""" SEL PDCH| PDC clock selection bit Generats PDC clock in based on FSCIN pin O.0
- 1 input signal. !
"""""""""""" Reserved bit Must always be set to "0". 0:0
0 | Data slicer OFF :
"""""""""""""" ADON Data slicer control bit - o]e]
Data slicer ON :
"""""""""""""""""""""""""""" Reserved bit Must always be set to "0". 0 EO
Notel. When ADLATO="1" setting, must be set ADLAT1(address 1416)="1".
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(17) Address1016 ( = DA5 to 0)

DD15

DD8DD7 DDO

1O

(18) Address 1116( = DA5 to 0)

DD15

DD8DD7 DDO

[o]1]o[o]o]o[o]o[o]o[o]o[o]0[o]o]

Bit symbol Bit name Function RIW
Reserved bit Must always be set to "0". 0.0
Flaming code check selection bit | Q| Later 8bits of flaming code 16bits E
VPS_SUB for VPS data. Former 4bits and later 4bits of flaming OEO
1| code 16bits (Select 8bits which is set in !
VPS_FLCO to 7) !
Reserved bit Must always be set to "1". O O
Reserved bit Must always be set to "0". 0 O
Slice start line selection bit If the slice start line is SLI_VS, OEO
SLI_VPO (Field 1 and 2 are common) 2 1
Stores data for 18 lines from <Field 1> SLI_VS= y2SLI_VPn+3 \
the 6th line,normally. n= \
SLI_VP1 ' - 2 O:0
- (SLLVP2 1o SLI VPO ="316 <Field 2> SLI_VS= 5 2SLI_VPn+315 | "}
fixed) — & — .
SLI_VP2 Stores data for 18 lines from line which OO
is set by this register to slice RAM. '
. . 0| Auto level for data slice
SLSLVL Slice level control bit _ : O:0
1| Fix level for data slice :
Reserved bit Must always be set to "0". 0O
; 0| Sync-sep circuit OFF '
SYNCsEP oNo | Synchronous separation Y p ke 00
control bit 1| Sync-sep circuit ON !
Reserved bit Must always be set to "0". 0:0
SELSLI Slice signal input pin 0| CVIN1 pin OEO
selection bit 1| CVIN2 pin H
Bit symbol Bit name Function R W
Reserved bit Must always be set to "0". 0 O
Reserved bit Must always be set to "1". 0:0)
Reserved bit Must always be set to "0". 0:0)
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MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(19) Address 1216 (= DA5to 0)

DD15 DD8DD7 DDO

L lolojolofojofojofo] T T T 1 ] . .
e Bit symbol Bit name Function RIW
A A O A Data slicer control bit 1 S SR N :
I S R T R R R S R T B R N SEKIO 0 5 OO0
R T R R 0 1 4 !
SR A A A A 1 0 3 :
R T R R 1 1 2 '

E : E E : E E : E E : E E E i _______ SEKI1 N times of the digital value after AD is done. OEO

' Data slicer control bit 2 SEKIS | SEKI2 N '

. Vo Vo N T P SEKI2 0 0 4 0.0

H I I I N 0 1 3 H

T 1 0 1 ;

. Vo Vo Lo . 1 1 Not differentiate !

. Lo Lo Vo Lo It is differentiated for digital value after the :

H . . - VT SEKI3 SEKIO, 1 operation at digital value in the O:O

H I I Vo H before N/8 period(clock run-in period). !

. N . - . SEKI5 SEKI4 N H

: P Vo b e SEKI4 Data slicer control bit 3 0 0 4 o0

H I I I 0 1 3 !

SR 1 0 L :

' P v 1 1 Not differentiate

: A R Itis differentiated for digital value after the :

. Vo I SEKI5 SEKI3, 2 operation at digital value in the O:O

. Vo - after N/8 period(clock run-in period). !

R Reserved bit Must always be set to "0" 0:0

E 0 | Generats VPS clock in based on external fH. !

e SEL_VPSH | VPS clock selection bit 1 | Generats VPS clock in based on FSCIN pin O:O
input signal. !

(20) Address 1316 (= DA5to 0)

DD15 DD8DD7 DDO

[o[o[o[o[o[o]o]o]o]o]o]o[o[0]0]0

AU VS AP S LN S S A Reserved bit Must always be set to "0". DEO
Rev. 1.0

188 ‘ MITSUBISHI
AN ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(21) Address 1416 (= DA5 to 0)

DDO

[o[o]oo]o]o]

P BEEEEERE P Bit symbol Bit name Function RIW
et Reserved bit Must always be set to "0". 0 O
Internal synchronous 0 | External synchronous setting OEO
N 0 mmmmmmmeeee IN1 : . !
i oo selection bit 1 | Internal synchronous setting ;
s bese- e REREEEE Rt Reserved bit Must always be set to "0". 0:0
(22) Address 1516 (= DAb5to 0)
DD15 DD8DD7 DDO
ofo] [o]o]o[ fofo] fo]o] fofo] | , ,
T T . Bit symbol Bit name Function Riw
b CK_VCO Displa.y clo.ck oscillation Display clock OFF . OEO
: P : : L selection bit Display clock oscillation H
ootoooees Reserved bit Must always be set to "0". O O
: P illati Synchronizing clock OFF :
; b ; P XTAL_VCO Synch_rono_us clock oscillation \ g oo
H I H H selection bit Synchronizing clock oscillation '
: P : P LDEEEEEE Reserved bit Must always be set to "0". 0 EO
E E E E _____________________ PDC_VCO_ON PDC (?|0Ck'OSCI||at|0n PDC clock OFF OEO
' v ' selection bit PDC clock oscillation :
1 1o R R LT Reserved bit Must always be set to "0". O O
: Lo VPS and VBI clock oscillation VPS and VBI clock OFF H
! bbb bbbttt VPS_VCO_ON . ) o0
' v selection bit VPS and VBI clock oscillation :
P EEEEEEEEEEE Reserved bit Must always be set to "0". 0:0
bbbt STBY1 Stand-by mode selection bit Normal mode 00
Stand-by mode. .
o b Reserved bit Must always be set to "0". 00
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(23) Address 1616 (= DA5to 0)

DD15 DD8DD7 DDO

LLolojopd [ fol [ [ 111 11]

EHEE R Bit symbol Bit name Function Riw
P PDC_HP3 PD(_:_ince chef:k start If the PDC slice check start position () O
A position selection bit is PDC_HS, '
A 10 '
e PDC_HP4 PDC_HS=T3 0 y2¥pDC_HPn OO
I n=3 H
A A O PDC_HP5 T3 : PDC clock run-in cycle =2 OO
e PDC_HPS T |©O°
EEEERR R S— — UT U oo
T PDC_HP8 G0
P ' Set to flaming code check start H
T T R position !
I GGRCEEEEEEEEEEEY PDC_HP9 _ O.Q
e Set by the 144ns (1bit) '
R GECRECEECEEOEE PDC_HP10 0.0
T GRGRGREEEECELELEEEE Reserved bit Must always be set to “0". 0:0)
S PD1 PDC, VPS, VBI clock phase |  Adjust clock phase for Data slicer. |OiO
control bit Normaly, PD2 to PD1=(10)2 fixed. !
T PD2 oo
bbbty Nothing is assigned. oo
pomtembe oo Reserved bit Must always be set to "0". 0:0)
: i Normal i
____________________________________________ RGBWH | RGBoutput (gray display) | O | Norma : 00
selection bit 1 [ RGB output of gray display color is white.| &

Rev. 1.0

190 ‘ MITSUBISHI
AN ELECTRIC



MITSUBISHI MICROCOMPUTERS

M306H1SFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(24) Address 1716 (= DA5 to 0)

DD8DD7 DDO

DD15

31010101901 0101.010]10].4190]01.010.].0.]
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M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(25) Address 1816 (= DA5to 0)

DD15 DD8DD7 DDO
R Bit symbol Bit name Function RIW
ISR S A A A A A 6th line or 318th line VB Set the line which encodes by VBIn |~
A VBILO encode selection bit (n=0to17). O:O
R R R A A A th 310th line VEI It can be setin the each every line :

P T T T T T T T T Ine or ine '
O VBIL1 th i elle)
. encode selection bit VBILn Encode of N line i
T 8th line or 320th line VBI 0 i
T VBIL2 encode selection bit Do not set O:O
AT A ! Set E
e e 9th line or 321th line VBI ;
A A VBIL3 encode selection bit N : (n+6) or (n+318) O:O
S A A 10th line or 322th line VBI i
I """""""" VBIL4 encode selection bit OEO
A A 11th line or 323th line VBI :
O VBILS encode selection bit 0.0
P ] 12th line or 324th line VBI 5
R . VBIL6 encode selection bit O;O
N S 13th line or 325th line VBI :
- : VBILY encode selection bit OEO
A 14th line or 326th line VBI :
VBILS encode selection bit o0
L] 15th line or 327th line VBI i
. VBILS encode selection bit O:O
R 16th line or 328th line VBI :
J VBIL10 encode selection bit O:O
T 17th line or 329th line VBI 5
! VBIL11 encode selection bit OEO
T 18th line or 330th line VBI i
T VBIL12 encode selection bit O:O
T SO 19th line or 331th line VBI i
i VBIL13 encode selection bit O:O
R 20th line or 332th line VBI i
VBIL14 encode selection bit OEO
e 21th line or 333th line VBI :

VBIL1S encode selection bit 0.0
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M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(26) Address 1916 (= DA5to 0)

DD8DD7

Bit symbol Bit name Function RIW
ppcFL | PDC data slice selection bit | 0| Do not slice field 1 PDC data

(field1) 1| Slice field 1 PDC data OEO

pocF2 | PDC data sline selection bit | 0 Do not slice field 2 PDC data O:O
(field2) 1| Slice field 2 PDC data '

vpsF1 | VPS datasslice selection bit | 0| Do not slice field 1 VPS data OEO
(field1) 11 Slice field 1 VPS data 1

vpsF2 | VPS data slice selection bit | 0| Do not slice field 2 VPS data OEO
(field2) 1| Slice field 2 VPS data :

vBIE1 | VBI data slice selection bit | O] Do not slice field 1 VBI data OEO
(field1) 1| Slice field 1 VBI data :

VBIF2 | VBI data slice selection bit | 0| Do not slice field 2 VBI data OEO
(field2) 11 Slice field 2 VBI data 1

ENCE1 | VBI data encode selection bit 0] Do not slice field 1 VBI data OEO
(field1) 1| Slice field 1 VBI data ,

ENCE2 VBI data encode selection bit [ O | Do not slice field 2 VBI data OEO
(field2) 1| Slice field 2 VBI data :

VPSE LINEo | VPS data slice line When VPS data slice line is 00
B selection bit VPS_LINES, 1
4 H

VPSF_LINE1 VPS_LINES = nzOZn VPS_LINEn +7 |OIO
Fix to 16th line normally. T

VPSF_LINE2 'eYe)
(VPS_LINE4 to VPS LINEO = "010012" :
fixed) :

VPSF_LINE3 Setting value from 000002 to 100002 |O:O
(7th line to 23 line) :

VPSF_LINE4 oio
22th line or 334th line VBI Set encode line by VBILn (n=0to 17)| .

VBIL16 encode selection bit Refer to address 1816 00

VBIL17 23th line or 335th line VBI OEO
encode selection bit !

Reserved bit Must always be set to "0". 0:O
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(27) Addrres 1A16 (= DA5to 0)
DD15 DD8DD7 DDO
R Bit symbol Bit name Function RIW
R Flaming code selection bit | [PDC] '
oo o v 0 a1 1 a1 ====1PDC_FLCO ! " f (@]]@)
SRR ~ | aPoCsice cockun im0 |
T Vi H
T PDC_FLC1 OO0
A Data '
e Setting H
e PDC_FLC2 = Oll@)
PDC_FLCOto PDC_FLC7 [ 1
O PDC_FLC3 PDC_FLCOto 7 = 11200100 |OiC
E E E E E E E E E E E e emmemeoa- PDC_FLC4 Flamlngl.code selectlon blt [VBl] OEO
T R at VBl slice ~ Flaming code (24 bits) !
Pl r e e Clock run - in; 5 '
s PDC_FLC5 N T — (¢}/e)
HEE E E A Data !
O SGRRECLLEat PDC_FLC6 — /WM\ oYe)
AR PDC_FLCAt07 " \ps Ficoto7 [
R B R CICRt et L L OEY PDC_FLC7 Setlast 8bits |O}O
Pl Flaming code selection bit [VPS]
R VPS_FLCO at VPS and VBI slice When VPS_SUB (address1216) = 0 OEO
R R Crock Flaming code (16 bits) '
T T rock run - in | '
R VPS_FLC1 ‘ ! 0.0
E E E E E E Data '
. VPS_FLC2 —1 JHHHHHHH/UHHHHH— 00
VPS_FLCO to VPS_FLC7
el lieieeiel VPS_FLC3 Set last 8bits  [O:O
P VPS_FLCO to 7 = 10011001 :
e VPS_FLC4 VPS_SuB =1 00
HE Flaming code (16 bits) '
Lo :_ ______________________________________ i :
i Data 1
P oTmmmmmemmmmmmsmsosmosoeosooo VPS_FLC6 N ST 00
: - VPS_FLCO103 \/pg Flcato7 :
(Set first 4bits) (Set last 4 bits) = 8bits
""""""""""""""""""""""""" VPS_FLC7 VPS_FLCO to 7 = 10001001 |O:O
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(28) Address 1B16 (= DA5 to 0)

DD8DD7

; Bit symbol Bit name Function RIW
Reserved bit Must always be set to "0". 0:0
E Flaming code check PDC_FLCS5 valid :
' CHK_PDC5 R —— o0
' selection bit 1| PDC_FLC5 invalid (Notel) '
E Reserved bit Must always be set to "0". O EO
E Flaming code check 0 | VPS_FLCS5 valid '
iy CHK_VPS5 9 €0 — 00
P selection bit 1 [VPS_FLC5 invalid (Notel) .
e e Reserved bit Must always be set to "0". 0:0
Notel. At VBI slice, must be set to "1".
(29) Address 1C16 (= DA5to 0)
DD15 DD8DD7 DDO
lofolof [ TTTITITII]]] | |
N A Bit symbol Bit name Function RIW
I o DIV PDCSo| PLL control bit for PDC Contorl the slice clock frequency e}le)
: : . N - feoc for PDC. :
: oo 8 :
1 N DIV_PDCS1 froc =fH O (¥ 2NDIV_VPSn OO0
' I n=0 + zozm-3D|v_PDCSm) :
: oo & .
i N DIV_PDCS2 00
: A - ) fH : Horizontal synchronized signal :
' o DIV PDco | PLL divided value selection o0
- bit for PDC frequency
P DIV PDC1 When SEL_PDCH (address 0F16) = “0",| O}
H I - DIV_PDCS8 to DIV_PDCO '
; P =(110111011)2 '
' Vol DIV_PDC2 DIV_PDC2 to DIV_PDCO O:.0
5 = = 1102 |
5 P DIV_PDC3 O:0
E DIV PDC4 When SEL_PDCH =“1" OEO
: - DIV_PDCS8 to DIV_PDCO '
; = (000010010)2 :
: DIV_PDC5 DIV_PDC2 to DIV_PDCS0 00
: = (101)2 ;
; DIV_PDC6 o0
: DIV_PDC7 o0
i DIV_PDCS8 00
E . . . Detect from A/D data :
: SELPEEK [ Peek point detect selection bit !
: Detect from data of digital calculation O:O
! after normally "1"setting. '
: Reserved bit Must always be set to "0". 0 EO
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(30) Address 1D16 (= DA5to 0)

DD8DD7 DDO

DD15
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(31) Address 1E16 (= DA5to 0)

DD8DD7 DDO

DD15
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(32) Address 1F16 (= DA5to 0)

DD8DD7 DDO

DD15
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M306H1SFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

(33) Address 2016 (= DA5to 0)

DD15 DD8DD7 DDO

lofol [{T T {1ofof [{]]1] , .
- - I ! Bit symbol Bit name Function R EW
: MAX0 | Slice data sampling maximum | Set slice data sampling maximum 00
Voo Vo value selection bit value after A/D conversion. :
A I 5 '
R P MAX1 SAMAX = 52" [ MAXn (Note1) OEO
SRR P MAX2 00
BEREEE = MAX3 00
R R : MAX4 00
AR MAX5 00
b Reserved bit Must always be set to "0". e
MINO Slice data sampling minimum | Set slice data sampling minimun 0.0
H . N value selection bit value after A/D conversion. 5
: I I 5 '
' ] ] | Jomecccccccc-e---cccce———=== = n :
: P : MIN1 SAMIN IZ:% 0 MINn (Notel) O:O
T MIN2 oile)
Dol Mmoo MIN3 0.0
ittt MIN4 o0
I SERAREEELELELELELELEEEEEEEEEELEEED MINS (ee)
e o Reserved bit Must always be set to "0". X0

Notel ) i o _
Video signal Sampling image after A/D conversion

A/D conversion

(34) Address 2116 (= DA5to 0) Clock run in minimum value
DD15 DD8DD7 DDO
: : Bit symbol Bit name Function RiwW
potoriri L Reserved bit Must always be set to "0". 00

o |Display next line, when vertical direction !
mmmmmssmmmmsseme-ee- DBL_HEIGHT | Double height display selection bit character size is wo times. o0

[o]ofo[o]ofofo]o]o] ]o]o]ofo[o]o]

1|Do nqtdisglay next line, when vertical '
direction character size is two times. !
J A Reserved bit Must always be set to "0". 0 EO
(35) Address 2216 (= DA5 to 0)
DD15 DD8DD7 DDO
lo[o]o]o[o[o]o]o[o[o]o]o]ofo]o]o] .
A E Bit symbol Bit name Function R1W
Llidllidliidrirrartrt Reserved bit Must always be set to "0". O O
Rev. 1.1
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
with DATA SLICER and ON-SCREEN DISPLAY CONTROLLER

2.15.9 Expansion Register Construction Composition

R (G, B, BLNK, CSYN,
GRAY, SLICEON, EDO1 PTD
and EDO2) 1 PTC
O\O 1
D O\W—
0 O
- 0
Polarity
Select
PTD

Figure 2.15.29 Switching of port output, R, G and B output

Table 2.15.9 Video signal level

Color Phase (rad) Luminance level (V) (Notel) Chroma level (mV) (Notel) Chroma amplitude (Notes 1 and 2)

name Min. Typ. Max. Min. Typ. Max. Min. Typ. Max.
Sync-chip — 0.90 1.00 1.10 — — — — — —
Pedestal — 1.50 1.60 1.70 — — — — — —
Color burst +41716 1.50 1.60 1.70 480 600 720 _ 1.00 _
Black — 1.50 1.60 1.70 — — — — — —
Red +7m16+2m16 | 1.70 1.80 1.90 1020 1200 1380 1.70 2.00 2.30
Green F51016 + 21716 1.95 2.05 2.15 930 1100 1270 1.55 1.83 211
Yellow + 1716 + 21716 2.25 2.35 2.45 670 800 920 1.13 1.33 1.53
Blue F15116 + 216 | 1.60 1.70 1.80 670 800 920 1.13 1.33 1.53
Magenta |¥11m16+2mw16 | 1.80 1.90 2.00 930 1100 1270 1.55 1.83 211
Cyan FOW16+2mwi6 | 2.10 2.20 2.30 1020 1200 1380 1.70 2.00 2.30
Gray — 2.10 2.20 2.30 — — — — — —
White — 2.40 2.50 2.60 — — — — — —

Notes. 1 The luminance level and the chroma amplitude of this video signal are ruled only for PAL method.
2 The chroma amplitude is ruled as shown below,
[Each color’'s chroma + Color burst's chroma]

The SLICEON signal is output in the slice possible period.
Vertical blanking erase period pulse

The first field
Slice possible period

WW uuﬁ?‘uuuuﬁwm

622 623 624 625 1 2 3 4 5.6 7 8 9 19 20 21 22 2324

- , -
. SLICEON output period

The second field

Jﬁwmm—rmu_u_m—mﬂ!uuuﬁhuuuuﬁm

310 311 312 313 314 315 316 317 318 319 320 321 331 332 333 334 335 336

The scanning lines number in figure is corresponds to slice RAM .

Figure 2.15.30 Slice timing
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2.15.10 Display Forms
(1) Blanking mode
Display forms are shown in Table 2.15.10, display forms at each display mode are shown in Figure

2.15.31.
Table 2.15.26 Display forms
DSP1 xx DSPO xx
Display mode | (Addresses 0816 | (Addresses 0616 BLNK output
and 0916 ) and 0716)
Character 0 0 Character size
Disable 0 1 —
Matrix-outline 1 0 All blanking
Halftone 1 1 Blanking OFF
12 dots 14 dots 14 dots
)\ H TTLL] I I LT
Scanning FH - HH -
10d015\ EaE H AEEE HH
BLNK T 3
R.G, B : : : :
1 C 1 1 iCi 1
| b L b | 1 b L b . a: External display
GRAY _I_I_ I __IT = signal
cododod o ¢ dd d | b:Background color
CVIDEO1 P ; ; b ! c: Character color
(internal sync) [[mm ([T ([T o Output only at
rbic b v b€ b . graydisplay (RGB
: — — — ! output is not be
(External sync) [TTTT] [ITIT] ! } (I QI change at gray
a a a a display)
(1) Character size (2) Matrix-outline size (3) Halftone size

Figure 2.15.31 Blanking mode display

For matrix and halftone, a character's number of dots in the horizontal direction increases to 14.
Figure 2.15.32 shows a display example for a case where adjacent characters have different back-
ground colors and for character code 7F1s6.

13 dots 12 dots 13 dots 11 dots 11 dots

-

14 dots | 11 dots

> >

%

N =

< -
40 characters -

Character code 7F16

Figure 2.15.32 Number of dots in the horizontal direction at matrix-outline or halftone
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(2) Setting matrix outline
Matrix outline is set by using register ALL24 (address OE16).Matrix outline can be set for each line
by using the register DSP1xx (addresses 0816 and 0916) .
However, this setting is disabled if the register EX (address 0D16) is O (external sync). An example
of setting example of all matrix-outline area is shown in Figure 2.15.33.

Setting example of register
DSP1xx ALL24 < “0" ALL24 < *“1"
DSP1 00 <€ “0” 40 characters all matrix-outline Horizontal display area all
: < 40 characters matrix-outline
DSP111 < 0" o I L ‘
DSP1 12 € +1” | OSD display area | BR,BG,BB | 1
DSP1 13 <€ 0" ; | ‘ |
: The 12th
DSP124 <€’ line 1 | ! !
TV Screen ) < /— 7
PHASEOQ,PHASE1,PHASE?2
Note : Disable to set when external synchronous. (register EX = “0")

Figure 2.15.33 Setting example of all matrix-outline area

(3) Blinking mode
Blinking by BLINK bit of display RAM.
And, use registers BLINKO, 1, and 2 (address 0516) to set the duty ratio and period that determines the
blinking time.
Blinking mode is shown in Table 2.15.11(SYRAM do not blink).
The register settings and the duty ratio and period are shown in tables 2.15.12 and 2.15.13.

Table 2.15.11 Blinking mode Table 2.15.12 Setting of duty ratio

Blinking mode at blinking OFF BLINKO 0 1
Blinking BLINK1
0 Blink OFF Duty 25%
‘ ’ Duty 50% Duty 75%

1

1 1

Table 2.15.13 Setting of cycle

BLINK2 Cycle
0 Approximately 1 second (Vertical sync
divided into 1/64)
1 Approximately 0.5 second (Vertical sync
divided into 1/32)
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(4) Scroll display mode

The scroll display mode is entered by setting registers SBITO to 3 (SA), SLINO to 4 (SB) (address

0A16), SSTO to 4 (SC), and SENDO to 4 (SD) (address 0B16). (Scroll is turned off when SD = 0.)

The screen is scrolled in the range from the (SC)'th line to the (SD-1)'th line, and sections above and
below this range are fixed. The beginning line and beginning dot of scroll are the (SA)’th dot on the

(SB)’th line.
The screen can be scrolled up or down by successively incrementing or decrementing SA and SB.

Figure 2.15.34 shows examples of how the display is scrolled. The scroll range in these examples
contains 20 lines (second to the 21th lines). However, the screen can display only 19 lines at a time,

and the remaining one line is handled as a dummy line and not displayed.

Setting example

Setting example 1  Line number when

SA=0 on screen display
SB=2 0 Zero line )
SC _ 2 1 "'1's'fi|'n'é """"""" <f|Xed bIOCk> """"""""""""""""""
SD =22
2 " 2ndline (0 dot to 9 dots)
3 [ T 1 72T=Y
O O
5 |... Sthline <Scrolling block>
6 6th line H .
--------- » Dummy line
-~ 21th line (0 dot to 9 dots)
17 e
18 | 8t e e,
19 | Ioth N e

20 \___ 20thline (0 dot to 9 dots)

21 22th line )
22 T53thline T <fixed block> """t
23 T24thline T

2 Line number when

SA=3 on screen display

= 0 i .
:E 52’ 1 IR B e ——
SD =22 5th line (3 dots to 9 dots)

: Dummy line
5th line (0 dot to 2 dots)

L Adhine and
20 ‘;'-'-'-':?{[ Ej'_il_'rjé ----------------------------------------------------------------------------------------------------------------------- 4th line (3 dots to 9 dOtS)
" 4th line (0 dot to 2 dots)
21 2ahfne
22 To3thine T <fixed block> T
23 Z4thiine

When displayed in order of SA =0, 1, 2, and so on, the screen scrolls up. When displayed in order of SA =9, 8, 7 and so
on, the screen scrolls down.

(1) To scroll the screen up, write the dummy line after setting the Oth dot in SA but before setting the 1st dot.

(2) To scroll the screen down, write the dummy line after setting the Oth dot in SA but before setting the 9th dot of the pre-
ceding line.

Figure 2.15.34 Scrolling example
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2.15.11 8/4 Humming Decoder
8/4 humming decoder opetates only by written the data which 8/4 humming- decoded to 8/4 humming
register (address 021A16). 8/4 humming register consists of 16 bits, can decode two data at a time.
Can obtain the decoded result by reading 8/4 humming register, and the decoded value and error
information are output. Corrects and outputs the decoded value for single error, and outputs only error
information for double error. Decoded result is shown in Figure 2.15.35 and humming 8/4 register
composition is shown in Figure 2.15.36.

Humming data O Humming data O
MSB| | | | | | | LSB [MSB| | | | | | |LSB
\L Writing
Address
021A16 8/4 humming register
\L Reading
Error information Error information Decode value Decode value
0 0 O O
01 0] | 010 | mMsB| |  JisB|lmsel | |isB
“1" output when “1” output when single error
single error “1” output when double error
“1” output when double error

Figure 2.15.35 Decoded result

Humming 8/4 register

b15 b8 b7 b0
Symbol Address When reset
v v HM8 021A16 000016
Function RIW
E __________________ L __________ 8/4 humming decoder opetates only by written the data which 8/4 humming-decoded to 8/4 |

humming register.Can obtain the decoded result by reading this register, and can decode 2 OiO
couples of data at the same time. :

Figure 2.15.36 Humming 8/4 register composition
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2.15.12 24/18Humming Decoder
24/18 humming decoder operates only by written the data which 24/18 humming-encoded to 24/18
humming register 0 (address 021C16) and 1 (address 021E16). Can obtain the decoded result by
reading the same 24/18 humming register. Decoded result is shown in Figure 2.15.37 and humming
24/18 register composition is shown in Figure 2.15.38.

Humming data H Humming data M Humming data L
L qmwsd I | ] I I ) A L 1 [ 1 | lss
Writing l/ Writing
Address ] ] Address
021E16 24/18 humming register 1 24/18 humming register 0 021C16
Reading Reading
Error information DVZCISSQ Decode value
olololololol | lololololaololuss N I N I N I 1

| N /
“1" output when single error Y

Output after correcting single error
“1" output when double error P g sing

Figure 2.15.37 Decoded result

Humming 24/18 register 0

bl5 b8 b7 b0
Symbol Address When reset
: HMO 021C1s 000016
Function R W]

24/18 humming decoder opetates by two ways : writing data low-order and middle-order 16 |
bits to this register and writing data high-order 8 bits to humming 24/18 register 1 (021Ezs). (olle]
Can obtain the decoded result by reading this register and humming 24/18 register 1.

Humming 24/18 register 1

b15 b8 b7 b0
Symbol Address When reset
! HM1 021E16 000016
Function R W

__________________ 24/18 humming decoder opetates by two ways : writing data low-order and middle-order 16
bits to humming 24/18 register 0 (021Czs) to this register and writing data high-order 8 bits |
to this register. /(0]

Can obtain the decoded result by reading this register and humming 24/18 register 0. |

Figure 2.15.38 Humming 24/18 register composition
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Continuous error correction
When uses humming 8/4 (address 021A16) at tha same time as humming 24/18, can do the continu-
ous error correction.
Continuous error correction sequence is shown in Figure 2.15.39.

Humming data
M

Humming data
L

Humming datar]
L

Humming data[]
H

Humming data
H

Humming data[]
M

Humming data
M

Humming data
L

Humming datar]
L

Humming data
H

Humming data
H

Humming data
M

. Writes data A to address 021C1s and writes data B to address

021Ej6. (Setting the humming data O and L of humming data
0.)

. Reads addresses 021C16 and 021E;¢ data (Obtains the de-

coded value and error information on the humming data ).

. Writes data C to address 021A16 (Setting H and M of the hum-

ming data 00).

. Reads addresses 021C16 and 021E;¢ data (Obtains the de-

coded value and error information on the humming data ).

. Writes data D to address 021C16 and writes data E to 021E1¢

(Setting the humming data O and L of humming data [.)

. Reads addresses 021C16 and 021E;¢ data (Obtains the de-

coded value and error information on the humming data ).

. Writes data F to address 021A16 (Setting H and M of the hum-

ming data 00).

. Reads addresses 021C16 and 021E;¢ data (Obtains the de-

coded value and error information on the humming data ).

Figure 2.15.39 Continuous error correction sequence

Then, because using a part of circuit of humming 8/4 about this operation, cannot use this operation
at the same time.

When using the humming circuit, do the decoded result reading operation at once after the setting
data of humming. And do not access other memories (Including the humming circuit) before reading
of the decoded result.
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2.15.13 1/0 Composition of pins for Expansion Memory
Figure 2.15.40 and figure 2.15.41 show pins for expansion memory.

SECAM|N,CV|N1, v from internal circuit
CVIN2, cC o i
CVIDEO1,CVIDEO2 (Notel) &
SECAMIN O ¢ @
2 -o-Vee
Vss ¥ x
from internal circuit ‘—‘—Oi CVIDEO1
Vee - i % (Note1)
. 4]
CVINI O ‘ @
(Note1) * '{
Veg 777
SS from internal circuit
4]
%
from internal circuit ¢ to slicer
Vee ©- i
x
. 4]
cvin2 O 5 i
(Notel) t —{
Vss 777
from internal circuit
_Q_ VCC
x
4] g
i +—O CVIDEO?2
xi(Notel)
7 V
from internal circuit Ss
SYNCIN from internal circuit to internal circuit
Vb2
Vee o L
I from internal circuit
INPUT ; —
(Notel) *
vV . tointernal
SS 777 circuit
i
Vss2
Notel: - [T symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Figure 2.15.40 Pins for expansion memory(1)
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P110 ~ P118
OSD OUTPUT
o Voo
x
?(NoteZ)
7"Vss
o Vss
[Port P11 data selection bit] (Note1)
[Port P11 output selection bit| (Note1)
Vee
VERT -
x
INPUT j to internal circuit
% (Note2)
Vbb2
LP1, LP2, LP3, LP4 4?_ Vee
— e
T % Iy
from internal circuit_‘ WA * O OUTPUT
£ % % (Note2)
= Vg 777
Vss2 77 to internal circuit
V,
FSCIN € o
%
INPUT to internal circuit
% (Note2)
Vs 4 77E < from internal circuit
Vss2
SVREF VbD2
Vee o
x from internal circuit
INPUT O—+—a—!
(Note2)®
Ve 7 tointernal
ss 777 circuit

]
i Vss2

Notel : Refer expansion register construction

Note2 : - s symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

OUTPUT

Figure 2.15.41 Pins for expansion memory(2)
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2.16 Programmable I/O Ports
There are 87 programmable 1/0O ports: PO to P10 (excluding P85). 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. P85
is an input-only port and has no built-in pull-up resistance.
Figures 2.16.1 to 2.16.4 show the programmable 1/O ports. Figure 2.16.5 shows the 1/O pins.
Each pin functions as a programmable 1/0 port and as the 1/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
converter), 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.

(1) Direction registers

Figure 2.16.6 shows 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 1/O pin.

Note: There is no direction register bit for P8s.

(2) Port registers

Figure 2.16.7 shows 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 I/O pin.

(3) Pull-up control registers

Figure 2.16.8 shows 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, the pull-up control register of PO to P5 is invalid.

(4) Port control register

Figure 2.16.9 shows the port control register.
The bit O of port control resister 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 always.
This register is valid in the following:
 External bus width is 8 bits.
« Port P1 can be used as a port in multiplexed bus for the entire space.
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PQOo to P07, P20 to P27,
P30 to P37, P40 to P47,
P50 to P54, P56

Ploto P14

P15 to P17

P57, P6o, P61, P64, P65,
P72 to P7e, P8o, P81,
P9o, P92

Pull-up selection

Direction register

d
~N

Data bus ——s Port latch

(Notel)

ROLIR
%ﬁj% b

Pull-up selection

— Direction register |

d
~N

‘ Port P1 control register

Data bus —% Port latch

x
(Notel)
777

]
<
S
\1

Pull-up selection

— Direction register |

d
~N

‘ Port P1 control register

Data bus —% Port latch }é

x
(Notel)
eza

S

Y
S
Y

Input to respective peripheral functions

i

SR

Pull-up selection

e
z
i(Notel)
7

TLT

Output : FD}J
Databus —¢ Port latch D

Input to respective peripheral functions

Notel : e symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Figure 2.16.1 Programmable I/O ports (1)
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Pull-up selection

1

P82 to P84

~N

Data bus

% Port latch

B

Input to respective peripheral functions

Pull-up selection

Direction register
P5s, P62, P6s, P77, P
P91, P97
N

Data bus —— Port latch

B

Input to respective peripheral functions

Pull-up selection

b

P63, P67

~N

Data bus —4 Port latch J

o e
777 Vss

x

(Notel)

77:7

r (Notel)
7T

;j;

.

hd
P85 /I t
Data bus <l t O
NMI interrupt input @ (Note1)
777
P70, P71 e
id s
Output— .
Data bus —¢— Port latch P r——+—O
[: 5 > % (Notel)
77

~N

Input to respective peripheral functions

<4

Notel : -fa- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Figure 2.16.2 Programmable I/O ports (2)
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V,
P100 to P103 Pull-up selection 7 Ve
(inside dotted-line not included) 77 Vss

P104 to P107

(inside dotted-line included)
1
~N

Data bus —¢-{ Portaich ]
~N
~N

t (Notel)
7

Analog input

| B

Input to respective peripheral functions

Pull-up selection
D-A output enabled

% Direction reéister L

1
~

Databus —s¢— Port latch
~N
~N

P93, P94

t (Notel)

7;‘7

by

Input to respective peripheral functions %7

Analog output ———o0——
D-A output enabled

Pull-up selection

Direction register

A "1
< o

Databus —¢]| Port latch Qutput—<_ FDJ

4J <|>0_tch ; (Notel)
-

Analog input

P9

Pull-up selection

Direction register

d
~

Data bus H»—{ Port latch * : TDJ
J «DO—LDT r (Notel)
,—@ 777

5

N
Input to respective peripheral functions @

P9s

Analog input

Notel : -t symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Figure 2.16.3 Programmable I/O ports (3)
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% Vee
777 Vss

Pull-up selection

P87
N WDA
x
Data bus —- Port latch —O
\ [: 5 >c %—, t (Notel)
< 77
\I 4@ fc
~N
Y e
Pull-up selection q
i‘“
P86 nqn
1 : -
~ | F@ i I
Output :
Data bus —¢—] Port latch TPER ; O
J [ ED % (Notel)
~N
Notel : -t symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.
Figure 2.16.4 Programmable I/O ports (4)
© Ve
BYTE x T Ves
BYTE signal input «@l O
X (Notel)
777
<
CNVss T
CNVss signal input @I O
* (Note1)
77
<
RESET x
RESET signal input @I +—0
* (Note1)
77
Note 1: ---iq-- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each pin.

Figure 2.16.5 I/O pins
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b7 b6 b5 b4 b3 b2 bl bo

Port Pi direction register (Note)

| | | | | | | | | PDi (i = 0 to 10, except 8)

b7 b6 b5 b4 b3 b2 bl b0

Port P8 direction register

Symbol Address

03E216, 03E316, 03E616, 03E716, 03EA16

03EB16, 03EE16, 03EF16, 03F316, 03F616
Bit symbol Bit name Function R'W|
{PDi_0 Port Pio direction register 0O.0

- P - 0 : Input mode i
PDi_1 Port Pi1 direction register (Functions as an input port) OEO
PDi_2 Port Piz direction register | 1 : Output mode 0.0
PDi_3 Port Pis direction register (Functions as an output port)  [510
PDi_4 Port Pi4 direction register (i=0to 10 except 8) 00
PDi_5 Port Pis direction register 00
PDi_6 Port Pis direction register 0.0
PDi_7 Port Pi7 direction register 00

Note: Set bit 2 of protect register (address 000A16) to “1” before rewriting to
the port P9 direction register.

Symbol Address When reset
PD8 03F216 00X000002
Bit symbol Bit name Function RIW

{1 PD8_0 Port P8o direction register ofo
e : 0 : Input mode "
PD8_1 Port P81 dllrect.lon reg.lster (Functions as an input port) o0
PD8_2 Port P82 direction register | 1 - Output mode 0.0
PD8_3 Port P83 direction register (Functions as an output port) 0.0
PD8_4 Port P84 direction register 0:0
Nothing is assigned. i
In an attempt to write to this bit, write “0”. The value, if read, turns out to be — -
indeterminate. !
PD8 6 Port P86 direction register 0: Input mode ) ofo
(Functions as an input port) i
1 : Output mode i
PD8_7 Port P87 direction register (Functions as an output port) Oio

When reset
0016

Figure 2.16.6 Direction register
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Port Pi register

b7 b6 bS5 b4 b3 b2 bl bO

[TTTTT]T] re-cwiecms

Port P8 register

b7 b6 b5 b4 b3 b2 bl bo

When reset
Indeterminate
Indeterminate

Symbol Address

03EO16, 03E116, 03E416, 03E516, 03E816

03E916, 03EC16, 03ED16, 03F116, 03F416
Bit symbol Bit name Function R'W
] P!—O Port P!O reg!ster Data is input and output to and from o S
Pi_1 Port Pi1 register each pin by reading and writing to o0
Pi_2 Port Pi2 register and from each corresponding bit 00

- - - 0:“L" level data 1

Pi_3 Port Pi3 register 1:“H” level data (Note) OEO
Pi_4 Port Pi4 register O'0
Pi_5 Port Pis register (=010 10 except §) o0
Pi_6 Port Pie register 0.0
Pi_7 Port Pi7 register 0.0

Note : Since P70 and P71 are N-channel open drain ports, the data is high-impedance.

Symbol Address When reset
P8 03F016 Indeterminate
Bit symbol Bit name Function RIW
{P8o0 Port P8o register o0
Ps 1 Port P81 register Data is input and_ output to :_al_nd from 0.0
- each pin by reading and writing to ;
P8_2 Port P82 register and from each corresponding bit 0.0
P8_3 Port P83 register (except for P8) 00
- 0 : “L" level data T
P8 4 Port P84 register 1:“H" level data o0
P8 5 Port P85 register o' X
P8_6 Port P86 register 0.0
P8 7 Port P87 register 0.0

Figure 2.16.7 Port register
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Pull-up control register 0

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address When reset

BN I I I A PURO 03FC16 0016
A T symbol Bit name Function R'W
A S R POo to P03 pull-up The corresponding port is pulled ©©
N PUO1 P04 to P07 pull-up high with a pull-up resistor 0.0
e i 0 : Not pulled high !
bl PU02 P1o to P13 pull-up 1 Inhibited O:O
e R Rl PUO3 P14 to P17 pull-up 0:0
P e PUO4 P20 to P23 pull-up 00
ol e PUO5 P24 to P27 pull-up 0.0
EEEEEEEEEEEEEED PUO6 P30 to P33 pull-up (ON®)
RRE R L L L R E R PUO7 P34 to P37 pull-up 0.0

Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset
B N N [ B B PUR1 03FD16 0016 (Note 2)
A T symbol Bit name Function R'W
N P40 to P43 pull-up The corresponding port is pulled  |Q:O
Vo e PU11 P44 to P47 pull-up high with a pull-up resistor 00
R 0 : Not pulled high :
P PU12 P50 to P53 pull-up 1  Inhibited o:o
- PU13 P54 to P57 pull-up 00
E ' ' Tt pU14 P60 to P63 pull-up The corresponding port is pulled 0.0
P e PU15 P64 to P67 pull-up high with a pull-up resistor 0.0
R ] 0 : Not pulled high !
: PU16 P70 to P73 pull-up (Note 1) 1 Pulled high O‘O
------------------------ PU17 P74 to P77 pull-up 0.0

Note 1: Since P70 and P71 are N-channel open drain ports, pull-up is not available for them.
Note 2: When the Vcc level is being impressed to the CNVss terminal, this register becomes

Pull-up control register 2

b7 b6 b5 b4 b3 b2 bl bo

to 0216 when reset (PU11 becomes to “1”).

Symbol Address When reset

NN [ ] PUR2 03FE16 0016
A T symbol Bit name Function R:W
O e P8o to P83 pull-up The corresponding port is pulled  |© o
oo PU21 P84 to P87 pull-up high with a pull-up resistor 0'0
N (Except P8s) 0: NOIt| péllLe_dhhlgh
N PU22 P90 to P93 pull-up 1: Pulled hig 0.0
Rt PU23 P94 to P97 pull-up 00
E . . temmmemeaaaad] PU24 P100 to P103 pull-up 00
R R REEEEED PU25 P104 to P107 pull-up 0.0
R Nothing is assigned. - 3 -

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

Figure 2.16.8 Pull-up control register
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Port control register

b7 6 b5 b4 b3 b2 bl b0 Symbpl Address When reset

| | | | | | | | | PCR 03FF16 0016
i | Bit symbol Bit name Function R'W
:L PCRO Port P1 control register 0 : When input port, read port

input level. When output port, ‘
read the contents of port P1 !
register. 00
1: Read the contents of port P1 |

register though input/output ‘
port. !

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

Figure 2.16.9 Port control register
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Table 2.16.1 Example connection of unused pins.

Pin name Connection
Ports P6 to P10 After setting for input mode, connect every pin to Vss or Vcc via a
(excluding P8s) resistor; or after setting for output mode, leave these pins open.
P45 ,P46/CS2, P47/CS3 Sets ports to input mode, sets bits CS2, CS3 to 0, and connects to Vcc

via resistors (pull-up).

BHE, ALE, HLDA, Open

XouT(Note), BCLK

m, ﬁ NMI Connect via resistor to Vcc (pull-up)
Avcc Connect to Vcc

AVSS, VREF Connect to Vss

CNVss Connect via resistor to Vcc (pull-up)

Note: With external clock input to XIN pin.

Microcomputer
Port P6 to P10 (except for P8s)
(Input mode)
(Input.mode) /\/\/\f
(Output mode) ——— Open
? -
NN\ PortPas BHE —
P46/ CS2 HLDA|
P47/ CS3 ALE Open
XouT |— vee
BCLK |——— =y
HOLD —A\A\/\—¢— |
RDY|—AANA,—¢ O0A47HF
CNVss —A/\/\—
Avcc
AVss
VREF Vss
Figure 2.16.10 Example connection of unused pins
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3. Usage Precaution

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 “FFFF16”. 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.

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 underflow
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) In the case of using “Event counter mode” as “Free-Run type” for timer A, the timer register contents
may be unkown when counting begins. If the timer register is set before counting has started, then the
starting value will be unkown.

This issue will occuer only for the “Event counter mode” operating as “Free-Run type”. The value of
the timer register will not be unkown during counting.

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 TAIoOUT 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.

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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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.

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.

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) Using one-shot mode or single sweep mode
Read the correspondence A-D register after confirming A-D conversion is finished. (It is known by A-
D conversion interrupt request bit.)

(4) Using repeat mode, repeat sweep mode 0 or repeat sweep mode 1
Use the undivided main clock as the internal CPU clock.

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
queue are prefetched 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”.

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.
When using the NMI interrupt, initialize the stack point at the beginning of a program. Concerning the
first instruction immediately after reset, generating any interrupts including the NMI interrupt is prohib
ited.
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(3) The NMI interrupt
« As for the NMI interrupt pin, an interrupt cannot be disabled. Connect it to the Vcc pin via a resistor

(pull-up) if unused. Be sure to work on it.

» Do not get either into stop mode with the NMI pin set to “L".

(4) External interrupt
* When the polarity of the INTO to INT5 pins is changed, the interrupt request bit is sometimes set to “1”.

(5) Rewrite the interrupt control register
« To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for

Example 1:
INT_SWITCH1:

FCLR |

AND.B  #00h, 0055h
NOP

NOP

FSET |

Example 2:
INT_SWITCH2:

FCLR |

AND.B  #00h, 0055h
MOV.W MEM, RO
FSET |

Example 3:
INT_SWITCH3:

PUSHC FLG

FCLR |

AND.B  #00h, 0055h
POPC FLG

After changing the polarity, set the interrupt request bit to “0”".

; Disable interrupts.
; Clear TAOIC int. priority level and int. request bit.
; Four NOP instructions are required when using HOLD function.

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:

; Enable interrupts.

; Disable interrupts.
; Clear TAOIC int. priority level and int. request bit.

; Dummy read.

; Enable interrupts.

; Push Flag register onto stack

; Disable interr

upts.

; Clear TAOIC int. priority level and int. request bit.
; 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

the register.
Instructions : AND, OR, BCLR, BSET

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
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Other Notes

(1) Timing of power supplying
The power need to supply to Vcc, Vbp1, Vbb2, Vbb3 and AVcc at a time. While operating, must set same
voltage.

(2) Power supply noise and latch-up

In order to avoid power supply noise and latch-up, connect a bypass capacitor (more than 0.1uF) directly
between the Vcc pin and Vss pin, VDD1 pin and Vss1 pin, VDD2 pin and Vss2 pin, VDD3 pin and VsS3 pin,
AVcc pin and AVss pin using a heavy wire.

(3) After the reset
After the reset, until the oscillator circuit stabilizes, data is sometimes not set correctly in the display RAM,
font RAM, SYRAM and VBIRAM. Therefore, use the following start-up procedure.
(a) Reset release.
(b) Set expansion register CK_VCO, XTAL_VCO, PDC_VCO_ON,VPS_VCO_ON = “H". (oscillation start)
(c) Set expansion register SYNCSEP_ONO = “H".
(d) Set expansion register NXP = “H".
(e) Set expansion register PCn, DIV_PDCn, DIV_PDCSn, DIV_VPSn, DIV_VPSSn.
(f) Disable data input for a 20 m sec (time enough to allow theinternal oscillator circuit to stabilize).
(g) Set other expansion registers.
(h) Set the SYRAM.
(i) Set the display RAM.
() Set expansionregister DSPON and DSPONYV to display ON.
(k) Possible to access slice RAM.

(4) When resuming internal oscillation from the off state
The each internal oscillator circuit of expansion function stops oscillating when expansion register
CK_VCO,XTAL_VCO,PDC_VCO_ON,VPS_VCO_ON ="“L".
When resuming internal oscillation from the off state, up until the oscillator circuit stabilizes, data is some-
times not set correctly in the display RAM , font RAM, SYRAM and VBIRAM. Therefore, start oscillation
as follows.
(a) Set expansion register CK_VCO = “H".
(b) Set expansion register XTAL_VCO = “H".
(c) Set expansion register PDC_VCO_ON=“H", VPS_VCO_ON = “H".
(Necessity none when data sliceris not used)
(d) Wait for a 20 m sec. (time enough to allow the internal oscilla-tor circuit to stabilize)
(e) Access the other memories.
Especially, set expansion register XTAL_VCO = “H” when access to display RAM, font RAM, SYRAM,
VBIRAM and slice RAM. And input 4.43 MHz sub carrier frequency clock from the FSCIN pin.
Access the memory after waiting for 20ms certaninly when resuming synchronous oscillation from the
off state, and begin to input clock into the FSCIN pin.
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(5) Other notes on oscillation
Make note of the fact that the internal oscillator circuit cannot stabilize in the below situations.
(a) When the external composite video signal is discontinuous. (when changing channels, etc.)
(b) When expansion register PCn setting is changed.
(c) When expansion register SYNCSEP_ONO setting is changed.
Before changing settings, turn expansion registers DSPON and DSPONYV off. Also, disable data input for
20 m sec after making settings.

(6) When no external composite video signal is input
Without a signal, characters cannot be displayed by external synchronization. Therefore, switch to inter-
nal synchronization.

(7) When signal level of the external composite video signal is extremely poor
With a weak electric field, character display is uncontrollable by external synchronization. Therefore,
switch to internal synchronization.

(8) When oscillation circuit stop for data slicer
Expansion register PDC_VCO_ON,VPS_VCO_ON is set at “L”, when the data slicer is not used, and the
oscillation is stopped. When starting oscillation again, set data at the folowing order.

(a) Set expansion register PDC_VCO_ON,VPS_VCO_ON ="“L".

(b) Set expansion register PDC_VCO_ON,VPS VCO_ON = “H".

(c) 60 ms or more is a waiting state (stability period of internal oscillation circuit + data slice preparation).
To operate slice RAM , set expansion register XTAL_VCO = “H". And input 4.43 MHz sub carrier fre-
quency clock from the FSCIN pin.

Access the memories after wating for 20 ms certainly when resuming synchronous oscillation from the off
state , and begin to input clock into the FSCIN pin.

(9) When the data slicer is used without displaying OSD
If expansion register DSPON is set in “L”, the OSD display is turned off.
Expansion register CK_VCO must be set “H” in that case

(10) At stop mode (clock is stopped)
Set each input pins to as follows.
(a) Set VERT pin = VSS.
(b) Stop the FSCIN pin input.
(c) Set expansion register STBY0 and STBY1 = “H".
Set all expansion registers to “L” except for the superscription register.

(11) When operation start from stop mode (clock is stopped)
Input FSCIN pin clock after set “L" to register STBYO and STBY1.
At next, set expansion register as notes (4).
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4. Electrical characteristic

Table 4.1 Absolute maximum ratings

Symbol Parameter Condition Rated value Unit
Vee Supply voltage Vce=AVcc -0.3t05.75 \%
AVce Analog supply voltage Vee=AVcc -0.3105.75 Vv

Input RESET, CNVss, BYTE,
voltage P0Oo to P07, P1o to P17, P20 to P27,
P30 to P37, P40 to P47, P50 to P57,
i P60 to P67, P72 to P77, P8o to P87, “03toVeet03 v
P9o to P97, P10o to P107,
VREF, XIN, HOR,VERT
P70, P71 -0.3t05.75 \
Output P0Oo to P07, P1o to P17, P20 to P27,
voltage P30 to P37,P40 to P47, P50 to P57,
Vo P60 to P67,P72 to P77, P8o to P84, -0.3 10 Vee+0.3 v
P86, P87, P90 to P97, P10o to P107,
Xourt, P1loto P11s
P70, P71 -0.3t05.75 \%

Pd Power dissipation Ta=25C 1000 mw
Topr Operating ambient temperature -20to 70 ‘c
Tstg Storage temperature -40 to 125 C
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Tabl 4.2

Recommended operating conditions (referenced to Vcc = 4.75V to 5.25V at Ta=- 20 to
70°C unless otherwise specified)

Svmbol Standard ]
ympoo Parameter Min Typ. Max Unit
Vce Supply voltage 4.75 5.0 5.25 \%
AvVce | Analog supply voltage Vee v
Vss Supply voltage 0 v
AVss | Analog supply voltage 0 \4
HIGH input |P31 to P37, P40 to P47, P50 to P57, P6o to P67,
voltage P70 to P77, P8o to P87, P9o to P97, P100 to P107, 0.8Vce Vee Vv
VIH XIN, RESET, CNVss, BYTE, HOR, VERT
PQo to P07, P10 to P17, P20 to P27, P30 0.5Vce Vcee \%
LOW input |P31 to P37, P4o to P47, P50 to P57, P6o to P67,
voltage P70 to P77, P8o to P87, P9o to P97, P100 to P107, 0 0.2Vce \Y
ViL XN, RESET, CNVss, BYTE, HOR, VERT
P0Oo to P07, P1o to P17, P20 to P27, P30 0 0.16Vcc \
VCVIN Composite video input voltage CVIN1, CVIN2 2V p-p \%
VFsciN  |Input voltage FSCIN(Note 1) 0.3V p-p 4.0V p-p
HIGH peak output P0o to P07, P1o to P17, P20 to P27,P30 to P37,
|oH (peak) | current P40 to P47, P50 to P57, P6o to P67,P72 to P77, -10.0 mA
P8o to P84,P86,P87,P90 to P97,P100 to P107,
(Note 2.3) P1loto P1ls
HIGH average output POQo to P07, P10 to P17, P20 to P27,P30 to P37,
loH (avg) | CUrrent P40 to P47, P50 to P57, P6o to P67,P72 to P77, -5.0 mA
P8o to P84,P86,P87,P90 to P97,P100 to P107,
Plloto P11s
LOW peak output P0o to P07, Plo to P17, P20 to P27,P30 to P37,
loL (peak) | current P40 to P47, P50 to P57, P6o to P67,P70 to P77, 10.0 mA
P80 to P84,P86,P87,P90 to P97,P100 to P107,
P1loto P11s
LOW average P0Oo to P07, P1o to P17, P20 to P27,P30 to P37,
loL (avg) | output current P40 to P47, P50 to P57, P6o to P67,P70 to P77, 5.0 mA
P8o to P84,P86,P87,P90 to P97,P100 to P107,
P1loto P11s
i ' No wait
foay) | Main clock input Vce=4.75V to 5.25V 0 10 | MHz
oscillation frequency with wait
f(Xcin) |Subclock oscillation frequency 32.768 50 kHz
f(FsciN) |Oscillation frequency for synchronous signal(Duty 40% to 60%) 4434 MHz

Note 1: Noise component is within 30mV.

Note 2: The mean output current is the mean value within 100ms.
Note 3: The total IOL (peak) for ports PO, P1, P2, P8s, P87, P9, and P10 must be 80mA max. The total IoH

(peak) for ports PO, P1,

P2, P8s, P87, P9, and P10 must be 80mA max. The total IOL (peak) for ports P3, P4, P5, P6, P7, and

P80 to P84 must be

80mA max. The total IOH (peak) for ports P3, P4, P5, P6, P72 to P77, and P80 to P84 must be 80mA

max.
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Table 4.3 Electrical characteristics (referenced to Vcc =5V, Vss = 0V at Ta = 25°C, f(XIN) =10MHz
unless otherwise specified)
. . Standard .
Symbol Parameter Measuring condition Min | Typ. | Max. Unit
HIGH output POo to P07, P1o to P17, P20 to P27,
voltage P30 to P37, P40 to P47, P50 to P57, _
Vor P60 to P67, P72 to P77, P8o to P8a, | O OMA 3.0 v
P86, P87, P9o to P97, P10o to P107,
Plloto P11s
HIGH output POo to P07, P1loto P17, P20 to P27,
voltage P30 to P37, P4o to P47, P50 to P57, _
Vo P60 to P67, P72 to P77, P80 to P8a, | |OH=2000A 47 v
P86, P87, P9o to P97, P10o to P107,
Plloto P11s
HIGH output _ _
VOoH voltage LP1to LP4 Vce=4.75V, lIoH=-0.5mA 3.75 Y,
HIGH output HIGHPOWER loH=-1mA 3.0
Xout \%
Vor voltage LOWPOWER loH=-0.5mA 3.0
HIGH output XcouT HicHPOwWER | With no load applied 3.0 v
voltage LOWPOWER With no load applied 1.6
LOW output POo to P07, P1oto P17, P20 to P27,
voltage P30 to P37, P40 to P47, P50 to P57, _
vou P60 to P67, P70 to P77, P8ato P8a, | 'OoMA 2.0 v
P86, P87, P90 to P97, P100 to P107,
Plloto P11s
LOW output POo to P07, P1o to P17, P20 to P27,
voltage P30 to P37, P4o to P47, P50 to P57, _
Vot P60 to P67, P70 t0 P77, P8oto P84, | 107 200HA 045 |V
P86, P87, P90 to P97, P100 to P107,
P11oto P11s
VoL LOW output _ _
o voltage LP1to LP4 Vce=4.75V, loH=-0.5mA 0.4 \%
VoL LOW output XouT HIGHPOWER loL=1mA 2.0 v
voltage LOWPOWER loL=0.5mA 2.0
LOW output XCOUT HiGHPOWER | With no load applied 0 v
voltage LowPOWER | With no load applied 0
Hysteresis HOLD, RDY, TAOIN to TA4N,
VT VT TBOIN to TB2IN, INTo to INTs, 02 08 v
ADTRG, CTS1, CLK1, NMI
TA20uT to TA4ouT,Klo to Ki3
VT+VT- Hysteresis ~ CTSo, CLKo 0.2 1.4 \%
VT+VT- Hysteresis RESET 0.2 1.8 \%
HIGH input POo to P07, P1o to P17, P20 to P27,
current P30 to P37, P40 to P47, P50 to P57,
liH P60 to P67, P70 to P77, P8o to P87, | VI=5V 50 A
P90 to P97, P100 to P107,
XiN, RESET, CNVss, BYTE,
HOR, VERT
LOW input P00 to P07, Ploto P17, P20 to P27,
current P30 to P37, P4o to P47, P50 to P57,
I P60 to P67, P70 to P77, P8oto P87, | =0V 5.0 PA
P90 to P97, P100 to P107,
XIN, RESET, CNVss, BYTE,
HOR, VERT
RPULLP | Pull-up  pog to PO7, P10 to P17, P20 to P27,
resistance  p3q to P37, P4o to P47, P50 to P57,
P6o to P67, P72 to P77, P8o to P84, Vi=Ov 30.0 0.0 167.0 kQ
P86, P87, P90 to P97, P10o to P107
VSYNCIN Sync voltage amplitude 0.3 0.6 1.2 \Y,
V dat(text) Teletext data voltage amplitude 0.6 0.9 14 \Y
Aflf Range for display oscillator circuit +7 %
fH Horizontal synchronous signal frequency 146 | 15.625| 17.0 kHz
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Table 4.4 Electrical characteristics (referenced to Vcc =5V, Vss = 0V at Ta = 25°C, f(XIN) = 10MHz
unless otherwise specified)

. . Standard :

Symbol Parameter Measuring condition Min | Typ. | Max. | YNt
Rixin Feedback resistance XN 1.0 MQ
RixcIN Feedback resistance Xcin 6.0 MQ
V RAM RAM retention voltage When clock is stopped 2.0 \
I cc Power supply current When OSD operate, f(XIN)=10MHz 150 180 | mA
When clock is stopped 3 | mA

Tabl 4.5 Video signal input conditions (Vcc = 5.0V, Ta=-20to 70°C)

. . Standard :

Symbol Parameter Measuring condition Min | Typ. | Max.| M
ViN-cu Composite video signal input clamp voltage Sync-chip voltage 1.0 Y
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Table 4.6 A-D conversion characteristics (referenced to Vcc = AVcc = VREF =5V, Vss = AVss = 0V
at Ta = 25°C, f(XIN) = 10MHz unless otherwise specified)

) . Standard )
Symbol Parameter Measuring condition Min. |Typ. | Max. Unit
- Resolution VREF = Ve 8| Bits
_ Absolute |Sample & hold function not available VREF = Vce = 5V +3 | LSB
aceuracy  [sample & hold function available(8bit) | \/ger = Vec = 5V +2 | LSB

Ruaoper | Ladder resistance VREF = Vce 10 40| kQ
tcony Conversion time(8hit) 2.8 Us
tsamp Sampling time 0.3 Us
VRer Reference voltage 2 Vee |V

Via Analog input voltage 0 VRer |V
Table 4.7 D-A conversion characteristics (referenced to Vcc = 5V, Vss = AVss = 0V, VREF = 5V at

Ta = 25°C, f(XIN) = 10MHz unless otherwise specified)

) . Standard ]
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution 8 | Bits

- Absolute accuracy 1.0 | %

tsu Setup time 3 s
Ro Output resistance 4 10 20 | kQ
IvrRer 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, IVREF is sent.
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Timing requirements (referenced to Vcc = 5V, Vss = 0V at Ta = 25°C unless otherwise specified)

Table 4.8 External clock input

Standard .
Symbol Parameter . Unit
y Min. Max.
tc 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 18 ns
tf External clock fall time 18 ns
Table 4.9 RDY, HOLD, HLDA imput
Standard .
Parameter - ni
Symbol aramete 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
IsuRDY-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@EcLK-RDY) | RDY input hold time 0 ns
th(BCLK-HOLD) | HOLD input hold time 0 ns
td@ecLK-HLDA) | HLDA output delay time 40 ns
Note: Calculated according to the BCLK frequency as follows:
10°
— E ——/ |
tac1(RD - DB) BCLK) X 2 5 ns]
3X10°
tac2(RD-DB) = —22 = _
( ) f(BCLK) X 2 45 [ns]
3x10°
tac3(RD-DB) = —=2—— —
( )= fecr x2 ¥ Insl
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Timing requirements (referenced to Vcc =5V, Vss = 0V at Ta = 25°C unless otherwise specified)

Table 4.10 Timer A input (counter input in event counter mode)
bol Standard )
Symbo Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 100 ns
tw(TAH) TAIIN input HIGH pulse width 40 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 4.11 Timer A input (gating input in timer mode)
Standard ]
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 400 ns
tw(TAH) TAIIN input HIGH pulse width 200 ns
tw(TAL) TAIIN input LOW pulse width 200 ns
Table 4.12 Timer A input (external trigger input in one-shot timer mode)
Svmbol b ‘ Standard Unit
m rameter n
ymbo aramete i e i
te(TA) TAIIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 4.13 Timer A input (external trigger input in pulse width modulation mode)
Svmbol Standard )
ymbo Parameter Min. Max. Unit
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 4.14 Timer A input (up/down input in event counter mode)
Svimbol b Standard Uni
ymbo arameter Min. Max. nit
te(uP) TAiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(UPL) TAiout input LOW pulse width 1000 ns
tsu(UP-Tin) TAiour input setup time 400 ns
th(TIN-UP) TAiout input hold time 400 ns
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Timing requirements (referenced to Vcc =5V, Vss = 0V at Ta = 25°C unless otherwise specified)

Table 4.15 Timer B input (counter input in event counter mode)

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) TBiN input LOW pulse width (counted on both edges) 80 ns
Table 4.16 Timer B input (pulse period measurement mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(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 4.17 Timer B input (pulse width measurement mode)
Symbol Parameter : Standard 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 4.18 A-D trigger input
Symbol Parameter - Standard Unit
Min. Max.
tc(AD) 'ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
Table 4.19 Serial /0
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
td(c-Q) TxDi output delay time 80 ns
th(c-Q) TxDi hold time 0 ns
tsu(p-C) RxDi input setup time 30 ns
th(C-D) RxDi input hold time 90 ns
Table 4.20 External interrupt INTi inputs
Symbol Parameter - Standard Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
Rev. 1.0
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Switching characteristics (referenced to Vcc = 5V, Vss = 0V at Ta = 25°C, CM15 =*“1" unless
otherwise specified)

Table 4.21 No wait

Symbol Parameter Measuring condition ——Standard Unit
Min. Max.
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
tdecLk-aLe) | ALE signal output delay time 25 ns
tneck-ALE) | ALE signal output hold time Figure 4.1 -4 ns
td(BCLK-RD) RD signal output delay time 25 ns
th(BCLK-RD) RD signal output hold time 0 ns
tdecLk-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
ta(DB-WR) Data output delay time (WR standard) (Notel) ns
th(WR-DB) Data output hold time (WR standard)(Note2) 0 ns
Note 1: Calculated according to the BCLK frequency as follows:
10°
d(DB ~WR) = f(BCLK) X2 40 Ing]
Note 2: This is standard value shows the timing when the output is off,
and doesn't show hold time of data bus.
Hold time of data bus is different by capacitor volume and pull-up R

(pull-down) resistance value.
Hold time of data bus is expressed in DBI |

t=—CR X In (1 -VoL/Vcc) C
by a circuit of the right figure. ;
For example, when VoL = 0.2Vcc, C = 30pF, R = 1kQ, hold time
of output “L” level is

t = —30pF X 1kQ X In (1 — 0.2Vcc/ Vee)

=6.7ns.
Rev. 1.0
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Switching characteristics (refer to Vcc = 5V, Vss = 0V at Ta = 25°C, CM15 =*“1" unless otherwise
specified)

Table 4.22 With wait, accessing external memory

Symbol Parameter Measuring condition MiSntfamda’\\:I(;X. 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
tdecLk-aL) | ALE signal output delay time 25 ns
thaeLk-aLE) | ALE signal output hold time -4 ns
td(BCLK-RD) RD signal output delay time 25 ns
theck-rp) | RD signal output hold time Figure 4.1 0 ns
tdecLk-wr) | WR signal output delay time 25 ns
th(BCLK-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) (Notel) ns
th(WR-DB) Data output hold time (WR standard)(Note2) 0 ns
Note 1: Calculated according to the BCLK frequency as follows:

(DB —~WR) = ——2" g
f(BCLK) [ns]
Note 2: This is standard value shows the timing when the output is off,
and doesn't show hold time of data bus.
Hold time of data bus is different by capacitor volume and pull-up
(pull-down) resistance value. R
Hold time of data bus is expressed in DBi
t=—CR X In (1 —VoL/Vcc) C

by a circuit of the right figure. l
For example, when VoL = 0.2Vcc, C = 30pF, R = 1kQ, hold time B
of output “L” level is

=—30pF X 1kQ X In (1 — 0.2Vcc/ Vce)

=6.7ns.
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Switching characteristics (referenced to Vcc = 5V, Vss = 0V at Ta = 25°C, CM15 = “1” unless
otherwise specified)

Table 4.23 With wait, accessing external memory, multiplex bus area selected

bol Measuring condition Standard i
Symbo Parameter 9 Min. Max. Unit
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
td(BCLK-CS) Chip select output delay time 25 ns
thcik-cs) | Chip select output hold time (BCLK standard) 4 ns
th(RD-CS) Chip select output hold time (RD standard) (Note) ns
thwr-cs) | Chip select output hold time (WR standard) (Note) ns
taecLk-r) | RD signal output delay time 25 ns
thecLk-rD) | RD signal output hold time 0 ns
taeeLk-wr) | WR signal output delay time 25 ns
thecLk-wr) | WR signal output hold time 0 ns
tack-oe) | Data output delay time (BCLK standard) Figure 4.1 40 ns
thgcik-oB) | Data output hold time (BCLK standard) 4 ns
td(DB-WR) Data output delay time (WR standard) (Note) ns
thWR-DB) Data output hold time (WR standard) (Note) ns
tdcLk-aLe) | ALE signal output delay time (BCLK standard) 25 ns
thscLk-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) 50 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:
9
th(RD-AD)= — 0
f(BCLK) X 2 [ns]
9
th(WR — AD) = —0____
f(BCLK) X 2 [ns]
9
th(RD-CS)= — 0
f(BCLK) X 2 [ns]
9
th(WR—CS) = —0____
f(BCLK) X 2 [ns]
10°X3
tdDB-WR)= ——— _ 40
f(BCLK) X 2 [ns]
9
th(WR —DB) = —0____
f(BCLK) X 2 [ns]
9
d(AD—ALE) = — 0 ¢
f(BCLK) X 2 [ns]
Rev. 1.0
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PO - O
P1
P2 30pF
P3
P4
P5
P6
P7
P8
P9
P10
P11

Sl

Figure 4.1 Port PO to P11 measurement circuit
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tc(TA)
tw(TAH)
TAIIN input \
tw(TAL)
[
tc(uP)
tw(UPH)
TAIOUT input \
tw(uPL)
TAIOUT input
(Up/down input) ><
During event counter mode
TAIIN input ——
(When count on falling th(TiIN-UP) tsu(UP-TIN)
edge is selected)
TAIIN input
(When count on rising
edge is selected)
tc(TB)
tw(TBH)
TBIIN input
tw(TBL)
[ |
tc(AD)
tw(ADL)
ADTRG input j
tc(CK)
tw(CKH)
<>
CLKi
tw(CKL) th(C-0
TxDi >< ><
td(cQ) |, tsu(D-C) th(C-D)
RxDi * *
tw(INL)
INTi input # /
tw(INH)
|
Figure 4.2 Timing diagram (1)
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RD

RD

Valid Only With Wait

BCLK

(Separate bus) \ I /____
WR, WRL, WRH o
(Separate bus) \ ; /—-——-—-——-—

(Multiplexed bus) \ A /
WR, WRL, WRH JO—
(Multiplexed bus) \ ; /

RDY input

Valid With Or Without Wait

BCLK

HOLD input | \
HLDA output | N

PO, P1,P2, ——— o Hz<
P3, P4, ! ! i i i i

P50 to P52

VAR Y A A W

tsu(RDY-BCLK) th(BCLK—-RDY)

tsu(HOLD-BCLK)
' (—).

td(BCLK—HITDA)*)E < »3 < Fd(BCLK—!—ILDA)

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 :

» VVcc=5V

* Input timing voltage : Determined with VIL=1.0V, VIH=4.0V

« Output timing voltage : Determined with VoL=2.5V, VOH=2.5V

Figure 4.3 Timing diagram (2)
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With No Wait

Read timing

BCLK

;td(BCLK—CS);

i 25ns.ma?<

| th(BCLK—CS)
<« 4ns.min |

E tc{/c

"" “th(RD CS)

td(BCLK—AD)
~—~ 25ns. max

>

Ons. m|n

Eth(BCLK—AD)_
> 4ns.min |

ADL X

BHE

ALE 25ns.ma :

Write timing

BCLK .
e td(BCLK-CS

- ~—! 25ns.max
CSi b 5

‘ —4ns min

X X X

d(BCLK-ALE) th(BCLK _ALE) P i* th(RD-AD)

Ons.min

{d(BCLK-RD) 'th(BCLK RD)

25ns.max :‘_’E " = Ons.min ' E
RD L : :
**! tac1(RD-DB) ;
s S GEINEI S G SR i
DB : . | ,
tSU(DB-RD) <> : th(RD-DB) ’
40ns.min Ons.min

) ! th(BCLK~CS)
<> 4ns.min

* - th(WR-CS)

< tcyé

'[d(BCLK AD)
<—>. 25ns.max

': : ' Ons. mln

i ith(BCLK-AD)
s 4ns.min ;

ADi. ; X

ALE 25ns.max;
td(BCLK—WR)
: ns.max |

WRH td(BCLK-DB)

i ———

td(BCLK-ALE) th(BCLK ALE) 71 ™ th(WR-AD) Ons.min !

—-4ns. m|n

1 th(BCLK= WR)
> < Ons.min |

'[h(BCLK—DB)

40ns.Max ¢ p.

o s o D L G S S G

— > -«
:

: th(WR-DB)
td(DB-WR) Ons.min

(tcyc/2—-40)ns.min

Figure 4.4 Timing diagram (3)
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When Accessing External Memory Area With Wait

BCLK ; ! ! : . —
! td(BCLK—CS) : ; ! th(BCLK-CS)
- <> 25ns.max l > 4ns.min |
CSi ! : L/ :
teyc ; ™ < th(RD-CS)
< i > i1 Ons.min
' td(BCLK-AD) | ‘th(BCLK-AD)
1 25ns.max ' : . Lo
- ‘ ‘ ! «» 4ns.min .
ADi — : ; E . :
BHE A ' = . 4

ALE / A L/ N\

DB

BCLK ! ! ' ' '
td(BCLK-CS) ; E | th(BCLK-CS)
- > 25ns.max (> 4ns.min ;
CSi : i -/ :
L tcylc ‘ e i*th(WR—CS)
o : g i Ons.mjn
td(BCLK—AD) E | | th(BCLK-AD)
ie—s! 25ns.Max : > 4ns.min
ADi ; ! ! : T
BHE : A : : ; o X+ ; -
i td(BCLK-ALE) : i th(WR-AD): ' ! 1 In(BCLK-ALE)

: ' L i —4ns.mip
ALE L \ : L/ A 5

—_ f i " o5ns. '+~ Ons.min !
WRWRL, | e ¥ |
WRH i i td(BCLK-DB) | | th(BCLK-DB)
' : <= 40ns.max “*" 4ns.min
DBi """"" [
i ™ *= th(WR-DB)
td(DB-WR) S Ons.min

Read timing

: ' . hs : '
i 1d(BCLK-ALE) 25ns.max ¢ th(RD-AD) | i th(BCLK-ALE)
- : '\ Ons.min ! | > —4ns.min

b ' ; i | th(BCLK-RD)
- 1d(BCLK-RD) ' - < Ons.min !

_E—E_\ 25ns.qu

» ifac2(RD-DB)_

Mz T S

tSU(DB-RD) *—** th(RD-DB)
40ns.min Ons.min

<> 25ns.max ! ' Ons.min | !

'« td(BCLK-WR) 1 Ih(BCLK-WR)

(tcyc—40)ns.min

Measuring conditions :

e V/cc=5V

« Input timing voltage : Determined with: ViL=0.8V, VIH=2.5V

« Output timing voltage : Determined with: VoL=0.8V, VoH=2.0V

Figure 4.5 Timing diagram (4)
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When Accessing External Memory Area With Wait, And Select Multiplexed bus

Read timing

BCLK / , . \ . . . \
: ld@oLK-Cs) 3 teyc . th(RD-CS) e th(BCLK~CS)

525ns.max' ' (tcyc/2)ns.min «—'—N 4ns.m|ni

Csi td(AD-ALE) : : — :

(tcyc/2-25)ns.min . th(ALE-AD) ; ! I b :

. — > >, 30ns.min : : e b E

ADi : X Address > """"" prommmmmmeees 1==---4 Data input }==---=" 1--{_Address

/DBI : : : >4 {h(RD-DB) E

| tdz(RD-AD) TiT
: 8ns.max i
i— e {d(AD-RD)
: Ons.min

tac3(RD-DB) | .| :

. — > tSu(DB-RD) Ons.min

o 40ns.min : .

1d(BCLK-AD) , ; D ' th(BCLK-AD)

) «» 25NS.Max, : e 4ns.min

ADi : X T Lo : : o : X

BHE o T —
th(RD-AD)

! (teyc/2)ns.min

td(BCLK-ALE) ! | Lo
(BCEK-ALE) - ! th(BCLK-ALE)

ALE 25ns.rr:1ax:'—h\5 | —4ns.miin
: P P _ f ith(BCLK—RD)
- e | AR + = onsmin
RD : : Y ;
Write timing
BCLK , , ! o |
. . | ! ' th(BCLK-CS
. _ e teyc! R T ]
,*—N.tgg?g'nlfaXCS) o - g th(WR-CS) > 4ns.min
CSi Y (tcyc/2)ns.min 1 7 ,
td(BCLK-DB) ' b 'th(BCLK-DB)
. - 4> 40ns.max - i 4ns.min |
ADi ( Address b Data output X Address
/DBI ' «—» e : e -y -
' td(AD-ALE) td(OB-WR) | th(WR-DB)
(teyc/2-25)ns.min . (teyc*3/2-40)ns.min i (tcyc/2)ns.min .
| td(BCLK-AD) ' ' . | th(BCLK-AD)
. > 25ns.max > 4ns.min |
ADi ' X ' ' :X '
BHE ' th(BCLK-ALE) | ! tg . 2 = '
_ - I td(AD-WR . ;
td(BCLK: <_AL_IE) e ansin > e 0(nS W ) 1 th(WR-AD) :
ALE 25ns.max, T Lo B I(tcyc/2)ns.nl1|n/—r\_
'td(BCLK-WR) | | th(BCLK-WR) :
_ DY : % Ons.min:
WR,WRL, \\ s.max L .
WRH

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 4.6 Timing diagram (5)
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5. Marking Figure
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XXXXXX: Mitsubishi lot number
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6.

Package Outline
144P6Q-A

Plastic 144pin 20020mm body LQFP

240

EIAJ Package Code JEDEC Code Weight(g) Lead Material MD
LQFP144-P-2020-0.50 - 1.23 Cu Alloy ——
@%HH L
HD ‘ ! ‘ ‘ g
D o T T
1
= =
RARAAARARARARARAAARARAARAAAARARARAAD - P L W
@E O O E Recommended Mount Pad
= = svmbol Dimension in Millimeters
= = Y Min Nom Max
= = A - - 1.7
= = AL 0.05 0.125| 0.2
= = w oY A2 - 1.4 -
= = b 0.17 0.22 0.27
= = c 0.105| 0.125| 0.175
= = D 19.9 20.0 20.1
= = E 19.9 20.0 20.1
= = e] - 0.5 -
®3 0 =@ i Ho | 21.8 | 220 | 222
@H@HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH% V S HE 2(1)25 23-2 202-625
L ) . .
AJA L1 L1 - 1.0 _
F . Lp 0.45 0.6 0.75
(€] ( \ - 0.25 —
g X - - 0.08
J(( | HHH\j\\j\HH\HHW\HHHHHHH HHH\HHW\HHHH{\HH :)\\: > y - - 01
a =0 0 0° - 8°
b Z b2 - 0.225 -
[y |+ b | 085 | - =
MD - 20.4 -
ME - 20.4 -
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— Keep safety first in your circuit designs!

2% MITSUBISHI ELECTRIC CORPORATION

HEAD OFFICE: 2-2-3, MARUNOUCHI, CHIYODA-KU, TOKYO 100-8310, JAPAN

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 (iii) prevention against any malfunction or mishap.

— Notes regarding these materials

These materials are intended as a reference to assist our customers in the selection of the Mitsubishi 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 ir ion ined in these i including product data, diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total system before making a final decision
on the applicability of the information and products. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability or other loss resulting from the information contained herein.

Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life is potentially at stake. Please contact Mitsubishi Electric
Corporation or an authorized Mitsubishi Semiconductor product distributor when considering the use of a product contained herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical,
aerospace, nuclear, or undersea repeater use.

The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce in whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and cannot be imported into a country other than the approved
destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.
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1.1 | - Expansion register construction corrected

(28) Address 1B16 ( = DA5 to 0) (page 195)
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