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1. DESCRIPTION

The M306V2ME-XXXFP and M306V2EEFP are single-chip microcomputers using the high-performance
silicon gate CMOS process using a M16C/60 Series CPU core and are packaged in a 100-pin plastic
molded QFP. These single-chip microcomputers operate using sophisticated instructions featuring a high
level of instruction efficiency. With 1M bytes of address space, they are capable of executing instructions at
high speed. They also feature a built-in OSD display function and data slicer, making them ideal for control-

ling TV with a closed caption decoder.

The features of the M306V2EEFP are similar to those of the M306V2ME-XXXFP except that this chip has
a built-in PROM which can be written electrically.

1.1 Features
* Memory size

« Shortest instruction execution time
» Power sourse voltage .........ccccvveeeeinnnns
» Power consumption
* Interrupts

» Multifunction 16-bit timer
* Serial I1/10

* A-D converter
* D-A converter
* Data slicer
* HSYNC counter
» OSD function
» Watchdog timer
» Programmable 1/0
* Memory expansion
* Chip select output
* Clock generating circuit

1.2 Applications
TV with a closed caption decoder

<ROM>192K bytes

<RAM> 5K bytes

<OSD ROM> 61K bytes

<OSD RAM> 2.2K bytes

100 ns (f(XIN)=10 MHz)

4.5V to 5.5V

250 mw

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

2 output timers + 3 input timers + 3 timers

4 units

UART/clock synchronous: 2

Multi-master 12C-BUS interface 0 (2 systems): 1
Multi-master 12C-BUS interface 1 (1 system): 1
2 channels (trigger: 23 sources)

8 bits O 6 channels

8 bits 0 2 channels

1 circuit

1 circuit (2 systems)

1 circuit

1 circuit

78 lines

Available

4 lines

3 built-in clock generation circuits
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PIN CONFIGURATION (top view)

Figure 1.3.1 shows the pin configuration (top view).
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1.3 Pin Configuration

M306V2ME-XXXFP, M306V2EEFP

Package: 100P6S-A

RENESAS

Figure 1.3.1 Pin configuration (top view)
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1.4 Block Diagram
Figure 1.4.1 is a block diagram.

A8 A8 8 A8 A8 A8 5
| ] ] ]
, /O ports [PortP0 | [PortPL | [PortP2 | [PortP3 | [PortP4 | [PortP5 | [PortPé |
S
Internal peripheral functions | A-D converter | System clock generator S S
Timer | — [T - T T 7777 3
——————————— XIN-XOouT L
Timer TAO (16 bits) ]
Timer TAL (16 bits) 0sb UART/clock synchronous SI/O S
Timer TA2 (16 bits) < >
Timer TA3 (16 bits) UART /clock synchronous SI/O ©
Timer TA4 (16 bits) —
Timer TBO (16 bits) Data slicer Multi-master 12C-bus
Timer TB1 (16 bits) interface 0
Timer TB2 (16 bits)
HSYNC counter Multi-master 12C-bus
interface 1
M16C/60 series16-bit CPU core Memory
. Registers Program counter ROM _
Watchdog timer =TT I =TT BC 192K
(15 bits) ROH ROL RAM 0
R1H i RIL Vector table 5K % 4'*»
DMAC 3 8
(2 channels) A0 Stack pointer p—
Al [ 1’5P ]
D-A converter B USP o
(8 bits X 2 channels) [ USP | Multiplier % N
SB || FLG | A
S
Figure 1.4.1 Block diagram
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1.5 Performance Outline
Table 1.5.1 is a performance outline.

Table 1.5.1 Performance outline

Item

Performance

Number of basic instructions

91 instructions

Shortest instruction execution time

100 ns(f(XIN)=10 MHz)

Memory ROM 192K bytes
size RAM 5K bytes
OSD ROM 61K bytes
OSD RAM 2.2K bytes
1/0 port PO to P10 8 bits 08,5 bits 2,4 bits 0 1
Multifunction | TAO, TA1, TA2, TA3, TA4 16 bits 0 5
timer TBO, TB1, TB2 16 bits 0 3
Serial 1/0 UARTO 1 unit: UART or clock synchronous
UART2 1 unit: UART or clock synchronous
Multi-master 12C-BUS interface 0| 1 unit (2 channels)
Multi-master 12C-BUS interface 1| 1 unit (1 channel)

A-D converter

8 bits 0 6 channels

D-A converter

8 bits 0 2 channels

DMAC 2 channels (trigger: 23 sources)
OSD function Triple layer, 890 kinds of fonts, 42 character O 16 lines
Data slicer 32-bit buffer

HsSYNC counter

8 bits O 2 channels

Watchdog timer

15 bits O 1 (with prescaler)

Interrupt

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

Clock generating circuit

3 built-in clock generation circuits

Power source voltage

4.5V t0 5.5V (f(XIN) = 10 MHz)

Power consumption 250 mW
1/0 I/0 withstand voltage 5V
characteristics | Output current 5 mA
Memory expansion Available

Operating ambient temperature

-10°C to70°C

Device configuration

CMOS high performance silicon gate

Package

100-pin plastic molded QFP
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Currently supported products are listed below.

Table 1.5.2 List of supported products

Type No ROM capacity | RAM capacity Package type Remarks
M306V2ME-XXXFP 192K bytes 5K bytes 100P6S-A Mask ROM version
M306V2EEFP 192K bytes 5K bytes 100P6S-A One Time PROM version
M306V2EEFS 192K bytes 5K bytes 100D0 EPROM version

Note: Since EPROM version is for development support tool (for evaluation), do not use for mass produc-
tion.
Type No. 306V2M E — XXX

FP
L Package type:
FP

: Package 100P6S-A
FS :Package 100D0

ROM No.

Omitted for One Time PROM version
and EPROM version

ROM capacity:
E : 192K bytes

Memory type:
M : Mask ROM version
E : One Time PROM version or EPROM
version

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

M16C/6V Group
M16C Family
Figure 1.5.1 Type No., memory size, and package
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Table 1.5.3 Pin description (1)

Pin name Signal name I/O type Function

vce, Vss iFr’]%‘G’ter supply Supply 4.5V t0 5.5 V to the Vcc pin. Supply 0 V to the Vss pin.

CNVss CNVss Input This pin switches between processor modes. Connect it to the
Vss pin when operating in single-chip or memory expansion mode.
Connect it to the Vcc pin when in microprocessor mode.

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

XIN Clock input Input These pins are provided for the main clock generating circuit.Connect
a ceramic resonator or crystal between the XN and the XouT pins. To

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

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

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

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

P0o to P07 1/O port PO Input/output | This is an 8-bit CMOS 1/O port. It has an input/output port direction
register that allows the user to set each pin for input or output
individually. When set for input in single-chip mode, the user can specify
in units of four bits via software whether or not they are tied to a pull-up
resistor. In memory expansion and microprocessor modes, the user
cannot specify that.

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

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

Ds to D15 Input/output | When set as a separate bus, these pins input and output data (Ds-Dz15).

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

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

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

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

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

A1/Doto A7/De Input/output | input and output data (Do—De) and output address (A1-A7) separated
in time by multiplexing. They also output address (A0).

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

As to A15 Output These pins output 8 middle-order address bits (A8—A15).

As8/D7, Input/output | If the external bus is set as a 16-bit wide multiplexed bus, these pins

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

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

‘CSoto CS3, Output These pins output CS0—-CS3 signals and A16—A19. CS0—-CS3 are chip

A16 to A19 Output select signals used to specify an access space. A16—A19 are 4 high-
order address bits.
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Table 1.5.4 Pin description (continued) (2)

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

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

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

RD, Output software control.

BCLK, Output m 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 = WR, BHE, and RD selected -

RDY Input Data is written when WR is “L". Data is read when RD is “L". Odd
addresses are accessed when BHE is “L". Use this mode when using
an 8-bit external data bus.

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

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

P67 chip, microprocessor and memory expansion modes, the user can
specify in units of four bits via software whether or not they are tied to a
pull-up resistor. Pins in this port also function as UARTO, UART2 and
multi-master 12C-BUS interface 0 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 timers A2 and A3,
UART2, multi-master 12C-BUS interface 0, or HsyNC counter I/O pins as
selected by software.

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

P86, P87 Using software, P82 and P83 can be made to function as the 1/O pins for
the input pins for external interrupts. P86 and P87 can be set using
software to function as the 1/O pins for a sub-clock generation circuit. In
this case, connect a quartz oscillator between P86 (XcouT pin) and P87
(XCIN pin).

P90 to P94 1/O port P9 Input/output | This is an 5-bit I/O port equivalent to P6. Pins in this port also function
as Timer BO to B2 input pins, D-A converter output pins, or multi-master
I2C-BUS interface 1 1/O pins.

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

R,G,B OSD output Output These are OSD output pins (analog output).

OUT1, OUT2 | OSD output Output These are OSD output pins (digital output).

osc1l Clock input Input This is an OSD clock input pin.

for OSD
0sc2 Clock output | Output This is an OSD clock output pin.
for OSD

CVIN 1/0 for data Input Input composite video signal through a capacitor.

slicer

VHOLD Input Connect a capacitor between VHOLD and Vss.

HLF Connect a filter using of a capacitor and a resistor

|
nput/output between HLF and Vss.
TVSETB Test input Input This is a test input pin. Fix it to “L.”
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2. OPERATION OF FUNCTIONAL BLOKS

This microcomputer accommodates certain units in a single chip. These units include ROM and RAM to
store instructions and data and the central processing unit (CPU) to execute arithmetic/logic operations.
Also included are peripheral units such as timers, serial /0, D-A converter, DMAC, OSD circuit, data slicer,
A-D converter, and 1/O ports.

The following explains each unit.

2.1 Memory

Figure 2.1.1 is a memory map. The address space extends the 1M bytes from address 0000016 to
FFFFF16. From FFFFF16 down is ROM. There is 192K bytes of internal ROM from D000016 to FFFFF16.
The vector table for fixed interrupts such as the reset mapped to FFFDC16 to FFFFF16. The starting ad-
dress of the interrupt routine is stored here. The address of the vector table for timer interrupts, etc., can be
set as desired using the internal register (INTB). See the section on interrupts for details.
5K bytes of internal RAM is mapped to the space from 02C0016 to 03FFF16. In addition to storing data, the
RAM also stores the stack used when calling subroutines and when interrupts are generated.
The SFR area is mapped to 0000016 to 003FF16. This area accommodates the control registers for periph-
eral devices such as I/O ports, A-D converter, serial /0, and timers, etc. Figures 2.1.2 to 2.1.5 are location
of peripheral unit control registers. Any part of the SFR area that is not occupied is reserved and cannot be
used for other purposes.
The special page vector table is mapped to FFE0016 to FFFDBA16. If the starting addresses of subroutines
or the destination addresses of jumps are stored here, subroutine call instructions and jump instructions
can be used as 2-byte instructions, reducing the number of program steps.
In memory expansion mode and microprocessor mode, a part of the spaces are reserved and cannot be
used. The following spaces cannot be used.

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

» The space between B000016 and CFFFF16 (in memory expansion mode)
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0000016

003FF16
0040016

013FF16
0140016

02BFF16
02C0016

03FFF16
0400016

8FFFF16
9000016

AFFFF16
B000016

CFFFF16
D000016

FFFFF16

SFR area
(Refer to Figures 2.1.2 to 2.1.5)

OSD RAM area

Internal reserved
area (See note 1)

Internal RAM area

External area

OSD ROM area

Internal reserved
area (See note 2)

Internal ROM area

FFEOO16

FFFDC16

FFFFF16

Special page
vector table

Undefined instruction

Overflow

BRK instruction

Address match

Single step

Watchdog timer

DBC

Reset

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

Figure 2.1.1 Memory map

Rev.1.40 Oct 06, 2004 page 10 of 269

Downloaded from Elcodis.com electronic components distributor

RENESAS



http://elcodis.com/parts/6249789/M306V2EEFP.html

M306V2ME-XXXFP, M306V2EEFP

000016 004016

000116 004116

000216 004216

000316 004316

ooo416 | Processor mode register 0 (PMO) 004416 ["OSD1 interrupt control register (OSD1IC)
000516 | Processor mode register 1 (PM1) 004516 [ |nterrupt control reserved register 0 (REOIC)
000616 | System clock control register 0 (CMO) 004618 | |nterrupt control reserved register 1 (RE1IC)
000716 | System clock control register 1 (CM1) 004715 | |nterrupt control reserved register 2 (RE2IC)
000816 | Chip select control register (CSR) 004816 | OSD2 interrupt control register (OSD2IC)
000916 | Address match interrupt enable register (AIER) 004916 | Multi-master 12C-BUS interface 1 interrupt control register (IIC1IC
000A1s | Protect register (PRCR) 004A16 | Bus collision detection interrupt control register (BCNIC)
000B16 004816 [ DMAQO interrupt control register (DMOIC)
000C16 004Cis | DMAL interrupt control register (DM1IC)
000D16 004D16 | Multi-master 12C-BUS interface 0 interrupt control register (IICOIC
oookss | Watchdog timer start register (WDTS) 00416 | A-D conversion interrupt control register (ADIC)
o0oris | Watchdog timer control register (WDC) 004F16 | UART2 transmit interrupt control register (S2TIC)
001016 005016 | UART2 receive interrupt control register (S2RIC)
oo1lis | Address match interrupt register 0 (RMADO) 005116 [ UARTO transmit interrupt control register (SOTIC)
001216 005216 | UARTO receive interrupt control register (SORIC)
001316 005316 | Data slicer interrupt control register (DSIC)

001416 005416 | V/sync interrupt control register (VSYNCIC)
001516 | Address match interrupt register 1 (RMAD1) 005515 [ Timer AO interrupt control register (TAOIC)
001616 005615 | Timer Al interrupt control register (TA1IC)
001716 005716 | Timer A2 interrupt control register (TA2IC)
001816 005816 | Timer A3 interrupt control register (TA3IC)
001916 005916 | Timer A4 interrupt control register (TA4IC)
001A16 005A16 | Timer BO interrupt control register (TBOIC)
001B16 005B16 | Timer B1 interrupt control register (TB1IC)
001C16 005C16 | Timer B2 interrupt control register (TB2IC)
001D16 005D1s | INTO interrupt control register (INTOIC)

001E16 00SE1s | INT1 interrupt control register (INT1IC)

001F16 00SF6 | Interrupt control reserved register 3 (RE3IC)
002016 006016

002116 | DMAO source pointer (SARO)

002216

002316

002416

002516 | DMAO destination pointer (DARO)

002616

002716

002815 | p\1AQ transfer counter (TCRO)

002916

002A16

002B16

002C1s | DMAO control register (DMOCON)

002D16

002E1s x =
002F16

003016

003116 | DMAL source pointer (SAR1)

003216

003316

003416

003516 | DMAL destination pointer (DAR1)

003616

003716

003815 | DMAL transfer counter (TCR1)

003916

003A16

003B16

oo3cis | DMAL control register (DM1CON)

003D16

003E16

003F16 01FF16

Figure 2.1.2 Location of peripheral unit control registers (1)
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020016
020116
020216
020316
020416
020516
020616
020716
020816
020916
020A16
020B16
020C16
020D16
020E16
020F16
021016
021116
021216
021316
021416
021516
021616
021716
021816
021916
021A16
021B16
021C16
021D16
021E16
021F16
022016
022116
022216
022316
022416
022516
022616
022716
022816
022916
022A16
022B16
022C16
022D16
022E16
022F16
023016
023116
023216
023316
023416
023516
023616
023716
023816
023916
023A16
023B16
023C16
023D16
023E16
023F16

024016

SPRITE OSD control register (SC)

024116

Color palette register 1 (CR1)

OSD control register 1 (OC1)

024216

OSD control register 2 (OC2)

024316

Color palette register 2 (CR2)

Horizontal position register (HP)

024416

Clock control register (CS)

024516

Color palette register 3 (CR3)

1/0 polarity control register (PC)

024616

OSD control register 3 (OC3)

024716

Color palette register 4 (CR4)

Raster color register (RSC)

024816
024916

Color palette register 5 (CR5)

024A16

024B16

Color palette register 6 (CR6)

Top border control register (TBR)

024C16
024D16

Color palette register 7 (CR7)

Bottom border control register (BBR)

024E16
024F16

Color palette register 9 (CR9)

Block control register 1 (BC1)

025016

Block control register 2 (BC2)

025116

Color palette register 10 (CR10)

Block control register 3 (BC3)

025216

Block control register 4 (BC4)

025316

Color palette register 11 (CR11)

Block control register 5 (BC5)

025416

Block control register 6 (BC6)

025516

Color palette register 12 (CR12)

Block control register 7 (BC7)

025616

Block control register 8 (BC8)

025716

Color palette register 13 (CR13)

Block control register 9 (BC9)

025816

Block control register 10 (BC10)

025916

Color palette register 14 (CR14)

Block control register 11(BC11)

025A16

Block control register 12 (BC12)

025B16

Color palette register 15 (CR15)

Block control register 13 (BC13)

025C16

Block control register 14 (BC14)

025D16

OSD reserved register 1 (OR1)

Block control register 15 (BC15)

025E16

Block control register 16 (BC16)

025F16

Vertical position register 1 (VP1)

OSD control register 4 (OC4)

026016

Data slicer control register 1 (DSC1)

026116

Vertical position register 2 (VP2)

Data slicer control register 2 (DSC2)

026216
026316

Vertical position register 3 (VP3)

Caption data register 1 (CD1)

026416
026516

Vertical position register 4 (VP4)

Caption data register 2 (CD2)

026616

Caption position register (CPS)

026716

Vertical position register 5 (VP5)

Data slicer reserved register 2 (DR2)

026816

Data slicer reserved register 1 (DR1)

026916

Vertical position register 6 (VP6)

Clock run-in detect register (CRD)

026A16

Data clock position register (DPS)

026B16

Vertical position register 7 (VP7)

026F16

=~

&

Vertical position register 8 (VP8)

027016
027116

Left border control register (LBR)

Vertical position register 9 (VP9)

027216
027316

Right border control register (RBR)

Vertical position register 10 (VP10)

027416
027516

SPRITE vertical position register 1 (VS1)

Vertical position register 11 (VP11)

027616
027716

SPRITE vertical position register 2 (VS2)

Vertical position register 12 (VP12)

027816
027916

SPRITE horizontal position register (HS)

Vertical position register 13 (VP13)

027A16

OSD reserved register 4 (OR4)

027B16

OSD reserved register 3 (OR3)

Vertical position register 14 (VP14)

027C16

OSD reserved register 2 (OR2)

027D16

Vertical position register 15 (VP15)

Peripheral mode register (PM)

027E16

HSYNC counter register (HC)

027F16

Vertical position register 16 (VP16)

HSYNC counter latch

028016

02DF 16!

A

-Q

Figure 2.1.3 Location of peripheral unit control registers (2)
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02e016 | 12CO data shift register (11C0S0) 038016 | Count start flag (TABSR)
02e116 | 12CO address register (11COS0D) 038116 | Clock prescaler reset flag (CPSRF)
02E216 | 12CO status register (11C0S1) 038216 | One-shot start flag (ONSF)
02E316 | 12CO control register (IIC0S1D) 038316 | Trigger select register (TRGSR)
02e416 | 12CO clock control register (11C0S2) 038416 | Up-down flag (UDF)
02E516 | 12CO port selection register (11C0S2D) 038516
02615 | 12CO transmit buffer register (11C0S0S) 038616 ) )
02E716 o03g71s | Timer AO register (TAO)
02e816 | 12C1 data shift register (IIC1S0) 038816 . .
02E915 | 12C1 address register (IIC1S0D) ossoss | Timer Al register (TA1)
02EA1s | 12C1 status register (11C1S1) 038A16 ] ]
02eB1s | 12C1 control register (IIC1S1D) ossBis | Timer A2 register (TA2)
02ecis | 12C1 clock control register (11C1S2) 038C16 ) )
02ep1s | 12C1 port selection register (11C1S2D) 03gp1s | 1imer A3 register (TA3)
02EE1s | 12C1 transmit buffer register (11IC1S0S) 038E16 ) .
02EF1s 038rs | Timer A4 register (TA4)
A iy 039016 ) .
=~ 7 030116 | Timer BO register (TBO)
033916 039216 . )
034016 | Reserved register 1 (INVC1) ogeass | Vimer Bl register (TB1)
034116 039416 . .
034216 039516 Timer B2 register (TB2)
034316 039616 | Timer AO mode register (TAOMR)
034416 039716 | Timer A1l mode register (TAIMR)
034516 039816 | Timer A2 mode register (TA2MR)
034616 039916 | Timer A3 mode register (TASMR)
034716 039A16 | Timer A4 mode register (TA4MR)
034816 | Reserved register 0 (INVCO) 039816 | Timer BO mode register (TBOMR)
034916 039cis | Timer B1 mode register (TBIMR)
% 4 039D16 | Timer B2 mode register (TB2MR)
035E16 039E16
035F16 | Interrupt request cause select register (IFSR) 039F16
036016 03A016 | UARTO transmit/receive mode register (UOMR)
036116 03A116 | UARTO bit rate generator (UOBRG)
036216 | Reserved register 3 (INVC3) 03A216 )
036316 03a316 | UARTO transmit buffer register (UOTB)
036416 03A416 | UARTO transmit/receive control register 0 (UOCO)
036516 03A516 | UARTO transmit/receive control register 1 (UOC1)
036616 | Reserved register 4 (INVC4) 03A616 )
036716 03a71s | UARTO receive buffer register (UORB)
036816 03A816 | Reserved register 2 (INVC2)
036916 03A916
036A16 03AA16
036B16 03AB16
036C16 03AC16
036D16 03AD16
036E16 03AE16
036F16 03AF16
037016 03B01s | UART transmit/receive control register 2 (UCON)
037116 03B116
037216 03B216
037316 03B316
037416 03B416
037516 03B516
037616 | Reserved register 5 (INVC5) 03B616
037716 | UART2 special mode register (U2SMR) 03B716
037816 | UART2 transmit/receive mode register (U2MR) 03B81s | DMADO request cause select register (DMOSL)
037916 | UART2 bit rate generator (U2BRG) 03B916
037A16 03BA1s | DMAL request cause select register (DM1SL)
037816 | YART2 transmit buffer register (U2TB) 03BBis
037Cis | UART2 transmit/receive control register 0 (U2C0) 03BC16
037D16 | UART2 transmit/receive control register 1 (U2C1) 03BD16
037E16 X X 03BE16
037k | UARTZ2 receive buffer register (U2RB) 03BF16

Figure 2.1.4 Location of peripheral unit control registers (3)
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03C016
03C116
03C216
03C316
03C416
03C516
03C616
03C716
03C816
03C916
03CA16
03CB1s6
03CCis
03CD16
03CE1s
03CF16
03D016
03D116
03D216
03D316
03D416
03D516
03D616
03D716
03D816
03D916
03DA16
03DB16
03DC16
03DD16
03DE1s
03DF16
03E016
03El16
03E216
03E316
03E416
03E516
03E616
03E716
03E816
03E916
03EA16
03EB16
03EC16
03ED16
03EE16
03EF16
03F016
03F116
03F216
03F316
03F416
03F516
03F616
03F716
03F816
03F916
03FA16
03FB16
03FC16
03FD16
03FE16
03FF16

A-D register 0 (ADQ)

A-D register 1 (AD1)

A-D register 2 (AD2)

A-D register 3 (AD3)

A-D register 4 (AD4)

A-D register 5 (AD5)

A-D control register 2 (ADCON2)

A-D control register 0 (ADCONO)

A-D control register 1 (ADCON1)

D-A reqister 0 (DAQ)

D-A register 1 (DA1)

D-A control register (DACON)

Port PO register(P0)

Port P1 register (P1)

Port PO direction register (PD0)

Port P1 direction register (PD1)

Port P2 register (P2)

Port P3 register (P3)

Port P2 direction register (PD2)

Port P3 direction register (PD3)

Port P4 register (P4)

Port P5 reqister (P5)

Port P4 direction register (PD4)

Port P5 direction register (PD5)

Port P6 register (P6)

Port P7 register (P7)

Port P6 direction register (PD6)

Port P7 direction register (PD7)

Port P8 register (P8)

Port P9 register (P9)

Port P8 direction register (PD8)

Port P9 direction register (PD9)

Port P10 register (P10)

Port P10 direction 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 2.1.5 Location of peripheral unit control registers (4)
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2.2 Central Processing Unit (CPU)
The CPU has a total of 13 registers shown in Figure 2.2.1. Seven of these registers (RO, R1, R2, R3, A0,
Al, and FB) come in two sets; therefore, these have two register banks.

b15 b8 b7 bo
RO(Note) | H | L |-| \
. 1 1 | |

1111 I
1]
b15 b8 b7 b0 b19 b0
R1(Note) | H | L h PC | | Program counter
II I | I | I v |
Data
registers
b15 b0 g b19 b0
R2(Note) | INTB| H | L | Interrupt table
1 T T I I | 111 I | register
b15 b0 b15 b0
R3(Note) | USP | | User stack pointer
1 Y I A A A A 1 T Y I O I |
' J
bis bo b15 b0
AONote) | ISP | | Interrupt stack
|"""""""'” Litirii i1l pointer
Address
bis bo registers b15 b0 _
Al (Note) | SB | | Static base
I| LLL Ll L Ll |-| N T T A I | reglster
b15 b0 b15 b0
FB(Note) | Frame base FLG | | Flag register
II I T T O T A A A A Y reg|sters P I Y ]
- 1
//’ 1
”’ 1
_-" 1
L[ Py ] [u]t]o[B[s|z[p[c]
I L1

Note: These registers consist of two register banks.

Figure 2.2.1 Central processing unit register
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2.2.1 Data Registers (RO, ROH, ROL, R1, R1H, R1L, R2, and R3)
Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and
arithmetic/logic operations.
Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH/R1H),
and low-order bits as (ROL/R1L). In some instructions, registers R2 and RO, as well as R3 and R1 can
use as 32-bit data registers (R2R0/R3R1).

2.2.2 Address Registers (A0 and Al)

Address registers (A0 and Al) are configured with 16 bits, and have functions equivalent to those of data
registers. These registers can also be used for address register indirect addressing and address register
relative addressing.
In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1AQ0).
2.2.3 Frame Base Register (FB)
Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing.
2.2.4 Program Counter (PC)

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

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

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

2.2.7 Static Base Register (SB)

Static base register (SB) is configured with 16 bits, and is used for SB relative addressing.
2.2.8 Flag Register (FLG)

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

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

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

* Bits 8 to 11: Reserved area

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

* Bit 15: Reserved area

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

b15 bo
[T P T, - |u[1]o]B[s]|z]|p[c]| Flagregister (FLG)
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 priot

Reserved area

Figure 2.2.2 Flag register (FLG)

Rev.1.40 Oct 06, 2004 page 17 of 269 RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6249789/M306V2EEFP.html

M306V2ME-XXXFP, M306V2EEFP

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
45V
Vcc
ov
RESET Vee 5V
LY RESET
T

/I ov

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

Figure 2.3.1 Example reset circuit

2.3.1 Software Reset

Writing “1” to bit 3 of the processor mode register 0 (address 000416) applies a (software) reset to the
microcomputer. A software reset has almost the same effect as a hardware reset. The contents of internal
RAM are preserved.
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xm I
~ ™ More than 20 cycles are needed

Microprocessor
mode BYTE = “H”

RESET 4, BCLK 24cycles
1= O I S |

Content of refet vector

Address FFFFC16 | FFFFD1s | FFFFE16 )(
RD [ [ ]
WR

CS0 K

Microprocessor

mode BYTE = “L" Content of reset vector
Address FFFFC1s | FFFFE16 ) )
R0 ] I
WR
Cso0 /(
Single chip FFFFC16 Content of reset vector
mode
Y
Address X FFFFE16 X X

Figure 2.3.2 Reset sequence
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2.3.2 Pin Status When RESET Pin Level is “L”
Table 2.3.1 shows the statuses of the other pins while the RESET pin level is “L". Figures 2.3.3 and 2.3.4
show the internal status of the microcomputer immediately after the reset is cancelled.

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

Status
Pin name CNVss = Vcc
CNVss = Vss
BYTE =Vss BYTE =Vcc
PO Input port (floating) Data input (floating) Data input (floating)
P1 Input port (floating) Data input (floating) Input port (floating)

P2, P3, P4o to P43

Input port (floating)

Address output (undefined)

Address output (undefined)

P44 Input port (floating) CS0 output (“H” level is output) | CSO output (“H” level is output)
Pasto P47 Input port (floating) Input port (floating) Input port (floating)
(pull-up resistor is on) (pull-up resistor is on)

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

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

HOLD pin) HOLD pin)

P55 Input port (floating) HOLD input (floating) HOLD input (floating)
P56 Input port (floating) ALE output (“L” level is output) | ALE output (“L” level is output)
P57 Input port (floating) RDY input (floating) RDY input (floating)
P60 to P63, P67,
b7, P82, P8s, Input port (floatin Input port (floatin Input port (floatin
P86, P87, P9, P10 put port ( 9) put port ( 9) put port ( 9)
R, G, B, OUT1, Output port
ouT2
CVIN, VHOLD, Input/output port
HLF
OSC1 Input port
0SC2 Output port
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Processor mode register 0 (Note) (000416)--- Timer BO interrupt control register ~ (005A16)- }X{}X{}X{}X{ﬂﬂﬂ
Processor mode register 1 (000516):+- Emnmn%mﬂ Timer B1 interrupt control register (005B16)-“
System clock control register 0 (000616)--[ 4815 | Timer B2 interrupt control register  (005C1s)--[}\[XX[X] ?[0[ 0] 0]
System clock control register 1 (000716)--- INTO interrupt control register (005D1s)--»
Chip select control register (000816)--[ Ol ] INT1 interrupt control register (005E16)-[XX[ 00 ?] 0] 0] O]
Address match interrupt h
enable register (000916)-+ XXDXIX]K] 0] 9] SPRITE OSD control register (020116) (XXX 0]0]O]0O]O]
prtect register (000ms9 [T 050 control et 1. e
Watchdog timer control register (000F16)--[0]OJO] ?[?[?]?[?] OSD control register 2 (020316)---
Address match interrupt register 0 (001016)--- Horizontal position register (020415)~-~
(001116)-~- Clock control register (020516)--»
(001216)- [XXPXX] 0] 0] 0] 0] I/O polarity control register (020616)--[ 1] 0] 0] 0] 0] 0] O] O]
Address match interrupt register 1 (001416)--[ 0056 | 0SD control register 3 (020719 0016 |
(001516)--[ 001 ] Raster color register (020816)-«[ 0016 |
(00169 [IXOLO[0[0] 209 oo ]
DMAO control register (002C1¢)-~[0]0J O] OO0 ?]0] O] OSD reserved register 1 (025D1)--[ 0016 |
DMAL control register (003C16)--[0]0JO] 00 ?]0]0] OSD control register 4 ©25F16)- X0
OSD1 interrupt control register (004416)-- }x‘mm}x{ﬂﬂﬂ Data slicer control register 1 (026016)---
0OSD2 interrupt control register (004816)- XXX ?[0]0] O] Data slicer control register 2 (026115)--[ ?[0[?]0[?]?]0]?]
Multi-master 12C-BUS interface 1
interrupt control register (004916)-- (X[ 0] 0] 2] O] O] O] Caption position register (026616)--[0[0]?[ 0] 0] 0] O] O]
Bus ealison detecon et 004ps- (X[ 0[0[0) Deta sicerreserved regiter2 (@207 [ 005 ]
DMAQ interrupt control register (004B16) - XXX ?[ 0] 0] 0] Data slicer reserved register 1 (026816)--
EN:Al interrulgécglzjtrso! regrifster . (004C16) XXX ?[0]0] 0] Clock run-in detect register (026915)-[ 0016 |
i nﬂaf’ﬂéﬁfétrol -regisulerrne ace (004D16)-- NWNWENQ Data clock position register (026A16)-~
A-D conversion interrupt S— p—
control register (004€16)- DD ?[ 0 O] O] Left border control register (027016)+-
UART?2 transmit interrupt
control register (004Fs5)- D] ?[0] 0] 0] (027116)- XXX O0]0]
UART?2 receive interrupt . .
control register . (005016)"' Right border control register (027215)“'
conmol register (005119 [T 2[O0[ (027310 [T
UARTO receive interrupt SPRITE horizontal iti ist
control register (005216)-- X PP ?10] 0] 9] (high_orde?)nzon al postion TegISter (027916)--- [ PXIXYPK0[0]0]
Data slicer interrupt control register  (005316)--DXD{X]}] ?[0] 0] 0] OSD reserved register 4 (027A16)--[[0[0]0]0]0] 0] 0]
VsyNc interrupt control register (005416)... 0SD reserved register 3 (027B1s)---
Timer AO interrupt control register  (005516)- D] 2[0]0]0] OSD reserved register 2 (027C1e)--[ 0016 ]
Timer Al interrupt control register (005616)--- Peripheral mode register (027[)16)...
Timer A2 interrupt control register (005716)~-- HsvNc counter register (027E16)“-
Timer A3 interrupt control register (005815)---
Timer A4 interrupt control register (005916)--- ) o 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 0316 at a reset.

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

Rev.1.40 Oct 06, 2004 page 21 of 269 RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6249789/M306V2EEFP.html

M306V2ME-XXXFP, M306V2EEFP

12CO address register (02E116)“' UART transmit/receive control register 2 (03801s)---[X]0J0]0]o]0]o]o]
12C0 status register (02E21e)--- DMAO request cause select register (03B815)---
12C0 control register (02E316)--- DMAL1 request cause select register (038A1s)~-
12CO clock control register (02E416)--- A-D control register 2 (03D41e)--- m
12CO port selection register (02€516)--[0]0]?] ?[0] 0]0]0] A-D control register 0 (03D616)-[0]0]0]0]0]?]
I2C1 address register (02E916)-[ 0016 | A-D control register 1 (03D716)-[ 006 |
I2C1 status register (02EA6)-[0]0]0]1]0]o]0]?] D-A control register (03DC16)~-
12C1 control register (02EBie)-[ 001 | Port PO direction register (03E216)- 001 |
12C1 clock control register (02EC16)--- Port P1 direction register (03E315)---
12C1 port selection register (02ED16)~~- mmmm Port P2 direction register (03E615)---
Reserved register 1 (034016)--- ? Port P3 direction register (03E716)~-
Reserved register 0 (034815)--- Port P4 direction register (O3EA16)---
Interrupt request cause select register (035F16)--[ 001 | Port PS5 direction register (03EBie)-[ 001 |
Reserved register 3 (036216)--- Port P6 direction register (03EE1s)-~-
Reserved register 4 (036616)“' Port P7 direction register (03EF15)---
Reserved register 5 (037616 001 | Port P8 direction register (03F216)--[0]0]X]0]o]o]o]0]
UART2 special mode register (037715)“' Port P9 direction register (03F316)---
UART?2 transmit/receive mode register (037816)- - Port P10 direction register (03F61s)~-
UART?2 transmit/receive control register 0 (037C1s)--+ Pull-up control register 0 (03FC16)~-
UART2 transmit/receive control register 1  (037D16)-- - Pull-up control register 1(Note) (03FD16)---
Count start flag (038016)-- - Pull-up control register 2 (OSFE15)~-
Clock prescaler reset flag (038116)-+ - Port control register (03FF16)---
One-shot start flag (038216)--[0]0 )] 0o]o]o]0] Data registers (RO/R1/R2/R3)
Trigger select register (038316) - Address registers (A0/AL)
Up-down flag (038416)--[ 0016 | Frame base register (FB)
Timer A mode register (039616)--[ 001 | Interrupt table register (INTB)
Timer A1 mode register (039716) 0015 | User stack pointer (USP)
Timer A2 mode register (03981)- [ o001 ] Interrupt stack pointer (ISP)
Timer A3 mode register (039916)- - Static base register (SB)
Timer A4 mode register (039A16)--- Flag register (FLG)
Timer BO mode register (039816)---
Timer B1 mode register (039C16)- mﬂ}x‘mﬂmm
Timer B2 mode register (039D16)- mﬂ}xmﬂmﬂ
UARTO transmit/receive mode register (03A016)- -
UARTO transmit/receive control register 0  (03A41s)-- -
UARTO transmit/receive control register 1~ (03A516)-- -
Reserved register 2 (O3A816)~~ x : Nothing is mapped to this bit
? . Undefined

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

must therefore be set.

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

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

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

2.4.2 Setting Processor Modes
The processor mode is set using the CNVss pin and the processor mode bits (bits 1 and 0 at address
000416). Do not set the processor mode bits to “102”".
Regardless of the level of the CNVss pin, changing the processor mode bits selects the mode. Therefore,
never change the processor mode bits when changing the contents of other bits. Also do not attempt to
shift to or from the microprocessor mode within the program stored in the internal ROM area.
() Applying V ss to CNVss pin
The microcomputer begins operation in single-chip mode after being reset. Memory expansion mode
is selected by writing “012" to the processor mode is selected bits.
(2) Applying V cc to CNVss pin
The microcomputer starts to operate in microprocessor mode after being reset.
Figures 2.4.1 and 2.4.2 show the processor mode register 0 and 1.
Figure 2.4.3 shows the memory maps applicable for each of the modes.
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Processor mode register O (Note 1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | PMO 000416 0016 (Note 2)
i 4 4 4 4 1 1 1| Bitsymbol Bit name Function R
[ T T R T R . b1 b0 |
A PMO00 Processor mode bit 0 0: Single-chip mode 00
e 0 1: Memory expansion mode .
oy 1 0: Inhibited i
e PMmo1 1 1: Microprocessor mode 00
T PM02 R/W mode select bit 0 : RD,BHE,.WR 00
I 1: RD,WRH,WRL ;
E E E E E PMO3 Software reset bit The device is reset when this bit is set | _ !
R RhREEE t0 “1”. The value of this bit is “0” when |O;O
voror read. i
PMO04 i b5 b :
P TTmTmmmmmemeney Multlple?(ed bus space 00 : Multiplexed bus is not used 0.0
A select bit 01: Allocated to CS2 space '
oo PMO5 10 : Allocated to CS1 space O:O
v TTEEEEmmmEmT T 11 : Allocated to entire space (Note 4) [~]
PMO06 Port P4o to P43 function | O : Address output !
P select bit (Note 3) 1: Port function ©.0
' (Aridrnce is-not nllfpllf) .
] PMO7 BCLK output disable bit |0 : BCLK is output !
1: BCLK is not output 6.0
(Pin is left floating) )
Notes 1: Set hit 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".)
3: Valid in microprocessor and memory expansion modes.
4: If the entire space is of multiplexed bus in memory expansion mode, choose an 8-
bit width.
The processor operates using the separate bus after reset is revoked, so the
entire space multiplexed bus cannot be chosen in microprocessor mode.

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

1 : Wait state inserted

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset

| |0 |0 |0 |0 |><| 1 | 0 | PM1 000516 00000X002
oo : | Bit symbol | Bit name Function RIW
b ] Reserved bit Must always be set to “0” 00
-----| Reserved bit (Note 2) Must always be set to “1” 00
Nothing is assigned.
e In an attempt to write to this bit, write “0.” The value, if read, turns out to be —l—
. indeterminate.
P Reserved bits Must always be set to “0” -0
e PM17 Wait bit 0 : No wait state OEO

values to this register.
2: As this bit becomes “0” at reset, must always be set to “1” after reset
release.

Notes 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new

Figure 2.4.2 Processor mode register 1
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Memory expansion mode

SFR area

OSD RAM

Internal
reserved area

Single-chip mode
0000016
003FF1s| SF R area
0040016
OSD RAM
013FF16
0140016
Internal
reserved area
02BFF16
02C0016
Internal
RAM area
03FFF16
0400016
Not used
8FFFF16
9000016
OSD ROM
AFFFF16
B000016
Internal
reserved area
CFFFF16
D000016
Internal
ROM area
FFFFF16

Internal RAM
area

External area

OSD ROM

Internal
reserved area

Internal
ROM area

[ ] External area : Accessing this area allows you to
access a device connected external

Microprocessor mode

SFR area

OSD RAM

Internal
reserved area

Internal RAM
area

External area

OSD ROM

External area

to the microcomputer.

Figure 2.4.3 Memory maps in each processor mode
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2.4.3 Bus Settings

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

Table 2.4.1 Factors for switching bus settings

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

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

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

(3) Selecting separate/multiplex bus
The bus format can be set to multiplex or separate bus using bits 4 and 5 of the processor mode
register 0.
» Separate bus
In this mode, the data and address are input and output separately. The data bus can be set using the
BYTE pin to be 8 or 16 bits. When the BYTE pin is “H”, the data bus is set to 8 bits and PO functions as
the data bus and P1 as a programmable 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.
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In memory expansion mode, select a 8-bit multiplex bus.
The processor operates using the separate bus after reset is revoked, so the entire space multiplexed
bus cannot be chosen in microprocessor mode.
The higher-order address becomes a port if the entire space multiplexed bus is chosen, so only 256
bytes can be used in each chip select.

Table 2.4.2 Pin functions for each processor mode

Processor mode | Single-chip Memory expansion mode/microprocessor modes Memory
mode expansion mode
“01”, “10” “00” “11” (Note 1)
Multiplexed bus Either CS1 or CS2 is for Multiplexe
space select bit multiplexed bus and others bus for the
are for separate bus (separate bus) entire
space
Data bus width 8 bits 16 bits 8 bits 16 bits 8 bits
BYTE pin level =“H” =« =“H” = = “yr
POo to P07 1/0 port Data bus Data bus Data bus Data bus 1/0 port
Ploto P17 1/0 port 1/0 port Data bus 1/O port Data bus 1/0 port
P20 1/O port Address bus Address bus Address bus | Address bus Address bus
/data bus(Note 3) /data bus
P21to P27 1/0 port Address bus Address bus Address bus | Address bus Address bus
/data bus(Note 3)| /data bus(Note 3) /data bus
P30 1/0 port Address bus Address bus Address bus | Address bus As/D7
/data bus(Note 3)
P31to P37 1/O port Address bus Address bus | Address bus | Address bus 1/O port
P4oto P43 1/0 port 1/0 port 1/0 port /O port 1/0 port 1/0 port
Port P40 to P43
function select bit = 1
P4oto P43 1/0 port Address bus Address bus | Address bus | Address bus I/0 port
Port P40 to P43
function select bit =0
P4ato P47 I/0 port CS (chip select) or programmable I/O port
(For details, refer to “2.4.4 Bus control”)
P50to P53 1/0 port Outputs RD, WRL, WRH, and BCLK or RD, BHE, WR, and BCLK
(For details, refer to “2.4.4 Bus control”)
P54 1/O port HLDA HLDA HLDA HLDA HLDA
P55 1/O port HOLD HOLD HOLD HOLD HOLD
P56 1/O port ALE ALE ALE ALE ALE
P57 1/O port RDY RDY RDY RDY RDY

Notes 1: In memory expansion mode, select a 8-bit multiplex bus.

The processor operates using the separate bus after reset is revoked, so the entire space multiplexed bus cannot be

chosen in microprocessor mode.
The higher-order address becomes a port if the entire space multiplexed bus is chosen, so only 256 bytes can be
used in each chip select.
2: Address bus when in separate bus mode.
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2.4.4 Bus Control

The following explains the signals required for accessing external devices and software waits. The sig-

nals required for accessing the external devices are valid when the processor mode is set to memory

expansion mode and microprocessor mode. The software waits are valid in all processor modes.

(1) Address bus/data bus
The address bus consists of the 20 pins Ao to A19 for accessing the 1M bytes of address space.
The data bus consists of the pins for data /0. When the BYTE pin is “H”, the 8 ports Do to D7 function
as the data bus. When BYTE is “L”, the 16 ports Do to D15 function as the data bus.
When a change is made from single-chip mode to memory expansion mode, the value of the address
bus is undefined until external memory is accessed.
(2) Chip select signal

The chip select signal is output using the same pins as P4 to P47. Bits 0 to 3 of the chip select control
register (address 000816) set each pin to function as a port or to output the chip select signal. The chip
select control register is valid in memory expansion mode and microprocessor mode. In single-chip
mode, P44 to P47 function as programmable 1/O ports regardless of the value in the chip select control
register.
In microprocessor mode, only CSO outputs the chip select signal after the reset state has been can-
celled. CS1 to CS3 function as input ports. Figure 2.4.4 shows the chip select control register.
The chip select signal can be used to split the external area into as many as four blocks. Table 2.4.4
shows the external memory areas specified using the chip select signal.

Table 2.4.3 External areas specified by the chip select signals

. Specified address range
Chip select - .
Memory expansion mode Microprocessor mode
CSso 3000016 to 8FFFF16 (384K) 3000016 to 8FFFF16 (384K), B0O00016 to FFFFF16 (320K)
CS1 2800016 to 2FFFF16 (32K) 2800016 to 2FFFF16 (32K)
CS2 0800016 to 27FFF16 (128K) 0800016 to 27FFF16 (128K)
CS3 0400016 to 07FFF16 (16K) 0400016 to 07FFF16 (16K)
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Chip select control register
b7 b6 b5 ba b3 b2 bl bo Symbol Address When reset
| | | | | | | | | CSR 000816 0l1e
P | Bit symbol Bit name Function R }W
“_cse CSO0 output enable bit 0 : Chip select output disabled O}O
e Csl CS1 output enable bit (Normal port pin) 0,0
s cs2 CS2 output enable bit 1: Chip select output enabled OEO
it Cs3 CS3 output enable bit 00
N csow CS0 wait bi !
: CE) wait bit 0 : Wait state inserted O:O
b brmmmmmmmmmmmm ey CS1w CS1 wait bit 1 : No wait state 00
I SARALELLLEEEEEEEES csaw CS2 wait bit 0.0
e PEILELTREITEEY CS3W CS3 wait bit 0.0

Figure 2.4.4 Chip select control register

(3) Read/write signals
With a 16-bit data bus (BYTE pin =“L"), bit 2 of the processor mode register 0 (address 000416) select
the combinations of RD, BHE, and WR signals or RD, WRL, and WRH signals. With an 8-bit data bus
(BYTE pin = “H"), use the combination of RD, WR, and BHE signals. (Set bit 2 of the processor mode
register O (address 000416) to “0”.) Tables 2.4.4 and 2.4.5 show the operation of these signals.
After a reset has been cancelled, the combination of RD, WR, and BHE signals is automatically se-
lected.
When switching to the RD, WRL, and WRH combination, do not write to external memory until bit 2 of
the processor mode register 0 (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 000A 16) to “1”.

Table 2.4.4 Operation of RD, WRL, and WRH signals

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

Table 2.4.5 Operation of RD, WR, and BHE signals

Data bus width RD WR BHE AO 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
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(4) ALE signal
The ALE signal latches the address when accessing the multiplex bus space. Latch the address when
the ALE signal falls.

When BYTE pin = “H” When BYTE pin = “L"
ALE ALE
Do/Ao to D7/A7 >< Address X Data (Note 1) X A0 >< Address ><
Do/A1 to D7/A8 >< Address >< Data (Note 1) ><
A8 to A19 >< Address (Note 2) ><
A9 to A19 >< Address ><
Notes 1: Floating when reading.
2 When miiltinlexed hiis far the entire anace is selected these are 1/0 narts

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

RDY signal facilitates access of external devices that require a long time for access. As shown in

Figure 2.4.6, if an “L" is being input to the RDY pin at the BCLK falling edge, the bus turns to the wait
state. If an “H” is being input to the RDY pin at the BCLK falling edge, the bus cancels the wait state.
Table 2.4.6 shows the microcomputer state in the wait state. Figure 2.4.6 shows the example of the

RD signal being extended using the RDY signal.

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

treated as properly as in non-using.

Table 2.4.6 Microcomputer status in ready state (Note)

Item

Status

Oscillation

Oon

R/W signal, address bus, data bus, CS
ALE signal, HLDA, programmable 1/O ports

Maintain status when RDY signal received

Internal peripheral circuits

On

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

In an instance of separate bus

s [T\ [

® T

s

(i=0to 3)

RDY

*

In an instance of multiplexed bus

RD —\

BCLK _/_\_/_\

tsu(RDY - BCLK)

Accept timing of RDY signal

s 7\

(i=0to 3)

RDY

@ : Wait using RDY signal
; : Wait using software

J\»/

tsu(RDY - BCLK)

*

Accept timing of RDY signal

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

HOLD > DMAC > CPU

Figure 2.4.7 Bus-using priorities

Table 2.4.7 Microcomputer status in hold state

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

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

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

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

Table 2.4.8 External bus status when the internal area is accessed

Item SFR accessed Internal ROM/RAM accessed

Address bus Address output Maintain status before accessed

address of external area

Data bus When read Floating Floating
When write Output data Undefined
RD, WR, WRL, WRH RD, WR, WRL, WRH output Output "H"
BHE ﬁoutput Maintain status before accessed

status of external area

CS Output "H" Output "H"

ALE Output "L" Output "L"

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

Note: Before attempting to change the contents of the processor mode register 0, set bit 1 of the
protect register (address 000A16) to “1”".
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(9) Software wait
A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address
000516) (Note) and bits 4 to 7 of the chip select control register (address 000816).
A software wait is inserted in the internal ROM/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 to 7 of the chip select control register. Set
this bit after referring to the recommended operating conditions (main clock input oscillation fre-
quency) of the electric characteristics. However, when the user is using the RDY signal, the relevant
bit in the chip select control register’s bits 4 to 7 must be set to “0.”
When the wait bit of the processor mode register 1 is “0”, software waits can be set independently for
each of the 4 areas selected using the chip select signal. Bits 4 to 7 of the chip select control register
correspond to chip selects CSO0 to CS3. When one of these bits is set to “1”, the bus cycle is executed
in one BCLK cycle. When set to “0”, the bus cycle is executed in two or three BCLK cycles. These bits
default to “0” after the microcomputer has been reset. These bits default to “0” after the microcomputer
has been reset.
The SFR area and the OSD RAM area are always accessed in two BCLK cycles regardless of the
setting of these control bits. Also, the corresponding bits of the chip select control register must be set
to “0” if using the multiplex bus to access the external memory area.
Table 2.4.9 shows the software wait and bus cycles. Figure 2.4.8 shows example bus timing when
using software waits.
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
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< Separate bus (no wait) >

Bus cycle

BCLK |

-
EpEpEpEpEpEpE

Write signal

Read signal

||
L]

Data bus

{Output) \/Eput>

Address bus

>< XAddressX ><Address>( ><

Chip select ——‘ ’—' |

< Separate bus (with wait) >

Bus cycle

BCLK |

Write signal

0 [ o o e o (Y

Read signal
Data bus —< Output } Input
Address bus X Address X ><

Chip select

< Multiplexed bus >

I s

|

Address ><

Bus cycle

-]

BCLK |

Write signal

I T o e Y

Read signal

Address bus/
Data bus

Chip select |

ALE

.
=

Address bus <

Address X >< Address >_
\ Lo
Address>< Data output >< XAddress )i {Input}

B |

Figure 2.4.8 Typical bus timings

using software wait
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2.5 Clock Generating Circuit
The clock generating circuit contains 2 oscillator circuits that supply the operating clock sources to the CPU
and internal peripheral units and 1 oscillator circuit that supplies the operating clock source to OSD.

Table 2.5.1. Clock oscillation circuits

Main clock oscillation circuit | Sub-clock oscillation circuit OSD oscillation circuit
Use of clock « CPU's operating clock * CPU's operating clock * OSD'’s operating clock
source source source
« Internal peripheral units’ « Timer A/B’s count clock
operating clock source source
Usable oscillator *Ceramic resonator *Quartz-crystal oscillator *Ceramic resonator
(or quartz-crystal oscillator) (or quartz-crystal oscillator)
L C oscillator
Pins to connect XIN, XouT XIN, XouT OSC1, 0SC2
oscillator
Oscillation stop/restart | Available Available
function
Oscillator status Oscillating Stopped
immediately after reset
Other Externally derived clock can be input
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2.5.1 Example of Oscillator Circuit
Figure 2.5.1 shows some examples of the main clock circuit, one using an oscillator connected to the
circuit, and the other one using an externally derived clock for input. Figure 2.5.2 shows some examples
of sub-clock circuits, one using an oscillator connected to the circuit, and the other one using an externally
derived clock for input. Circuit constants in Figures 2.5.1 and 2.5.2 vary with each oscillator used. Use
the values recommended by the manufacturer of your oscillator.

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

Open
(Note)
R4

I:l Externally derived clock
Ton T oo v LI
— — Vss

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

Figure 2.5.1 Examples of main clock

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

Open
(Note)
Rcd
Externally derived clock

0

Ccout Vee

rba

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

Figure 2.5.2 Examples of sub-clock
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2.5.2 OSD Oscillation Circuit
The OSD clock oscillation circuit can obtain simply a clock for OSD by connecting an LC oscillator or a
ceramic resonator (or a quartz-crystal oscillator) across the pins OSC1 and OSC2. Which of LC oscillator
or a ceramic resonator (or a quartz-crystal oscillator) is selected by setting bits 1 and 2 of the clock control
register (address 020516).

Microcomputer
0OSC1 0SC2

C1 Cc2

Yoo

Figure 2.5.3 OSD clock connection example

2.5.3 Clock Control
Figure 2.5.4 shows the block diagram of the clock generating circuit.

D f1
.»—% 15102

"_M f8sI02
—{>*

Sub clock L
% 1325102
. D 32

b |c
Divider

CM10 “1”
Write signal

RESET
Software reset

BCLK

Main clock

CMO05

Interrupt request
level judgment
output

WAIT instruction

b C
S vy I ey G v B v IO p
CM06=0
CM17,CM16=11
CM06=1

CM06=0 —KO
M17,CM16=1
CM17,CM16=10 d
CM06=0
CM17,CM16=01 —©
CM06=0

CM17,CM16=00

CMOi : Bit i at address 000616
CM1i : Biti at address 000716 X L
WDCi : Bit i at address 000F16 Details of divider

Figure 2.5.4 Clock generating circuit
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The following paragraphs describes the clocks generated by the clock generating circuit.

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

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

(3) BCLK
The internal clock @ is the clock that drives the CPU, and is fc or the clock derived by dividing the main
clock by 1, 2, 4, 8, or 16. The BCLK is derived by dividing the main clock by 8 after a reset. The BCLK
signal can be output from pin BCLK by the BCLK output disable bit (bit 7 at address 00041s) in the
memory expansion and the microprocessor modes.
The main clock division select bit O (bit 6 at address 000616) changes to “1” when shifting from high-
speed/medium-speed to stop mode and at reset. When sifting from low-speed/low power dissipation
mode to stop mode, the value before stop mode is retained.

(4) Peripheral function clock (  f1, fs, f32, f1s102, fgsio2, f32s102, fAD)
The clock for the peripheral devices is derived by dividing the main clock by 1, 8 or 32. The peripheral
function clock is stopped by stopping the main clock or by setting the WAIT peripheral function clock
stop bit (bit 2 at 000616) to “1” and then executing a WAIT instruction.

(5) fcaz
This clock is derived by dividing the sub-clock by 32. It is used for the timer A and timer B counts.
(6) fc
This clock has the same frequency as the sub-clock. It is used for the BCLK and for the watchdog
timer.
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Figures 2.5.5 and 2.5.6 shows the system clock control registers 0 and 1.

System clock control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address ~ When reset
| | CMO 000616 4816
Bit symbol Bit name Function RW
- BT :
CMO00 Clock output function 00: /O port P57 o0
select bit . :
Valid only in single-chi 0 1: fc output ——
CMO1 ( adl only in single-chip 10: fs output O:O
mode) 11:f32 output
CM02 WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode :
clock stop bit 1: Stop peripheral function clock in wait mode (Note 8) O}O
XCIN-XcouT drive capacity | 0 : LOW |
CM03 select bit (Note 2) 1:HIGH O}O
Port Xc select bit 0:1/0 port 1
CMo4 1 : XcIN-XcouT generation 0:0
CMO5 Main clock (XIN-XouT) 0:0n
stop bit (Notes 3, 4, 5) 1: Off O:O
CM06 Main clock division select | 0: CM16 and CM17 valid OEO
bit 0 (Note 7) 1: Division by 8 mode i
System clock select bit 0 : XIN, XouT 00
"""""""""""""" CMmo7 (Note 6) 1: XcIN, XcouT

Notes 1:

W N

bit (CMO07) to “1” before setting this bit to “1”.

a s

pulled up to XouT (“H") via the feedback resistor.

o

~

o]

: fc32 is not included.

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

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

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

: 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

: 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 (CM05) 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.

Figures 2.5.5 System clock control register O

System clock control register 1 (Note 1)

mode is retained.
If “1”, division mode is fixed at 8.

high-impedance state.

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

b7 b6 b5 b4 b3 b2 bl bO
| | | |0 | 0 |0 |0 | | Symbol Address When reset
I CM1 000716 2016
Bit symbol Bit name Function R'W,
| cmi0 | Allclock stop control bit |0 : Clock on oo
[ v (Note 4) 1 : All clocks off (stop mode) !
A ! Reserved bits Must always be set to “0” OiO
XIN-XouT drive capacity 0:LOW :
HH ey CM15 select bit (Note 2) 1:HIGH O':O
H H b7 b6 T
R CM16 Main clock division 0 0 : No division mode .
: select bit 1 (Note 3) 0 1 : Division by 2 mode OEO
] CM17 1 0 : Division by 4 mode |
11: Division by 16 mode }
Notes 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register.
2: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a

reset. When shifting from low-speed/low power dissipation mode to stop mode, the value before stop

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

Figure 2.5.6 System clock control register 1
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2.5.4 Clock Output
In single-chip mode, the clock output function select bits (bits 0 and 1 at address 000616) enable fs, f32, or
fc to be output from the P57/CLKouT pin. When the WAIT peripheral function clock stop bit (bit 2 at
address 000616) is set to “1,” the output of f8 and 32 stops when a WAIT instruction is executed.

2.5.5 Stop Mode
Writing “1” to the all-clock stop control bit (bit O at address 000716) stops all oscillation and the microcom-
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that Vcc
remains above 4.5V.
Because the oscillation, BCLK, f1 to f32, f1s102 to f32s102, fc, fc32, and fAD stops in stop mode, peripheral
functions such as the A-D converter and watchdog timer do not function. However, timer B operates
provided that the event counter mode is set to an external pulse, and UARTI (i = 0, 2) functions provided
an external clock is selected. Table 2.5.2 shows the status of the ports in stop mode.
Stop mode is cancelled by a hardware reset or an interrupt. If an interrupt is to be used to cancel stop
mode, that interrupt must first have been enabled. If returning by an interrupt, that interrupt routine is
executed.
When shifting from high-speed/medium-speed mode to stop mode and at a reset, the main clock division
select bit O (bit 6 at address 000616) is set to “1.” When shifting from low-speed/low power dissipation
mode to stop mode, the value before stop mode is retained.

Table 2.5.2 Port status during stop mode

Pin Memory expansion mode
Microprocessor mode

Single-chip mode

Address bus, data bus, CS0 to CS3 Retains status before stop mode

RD, WR, BHE, WRL, WRH “H”
HLDA, BCLK “H”
ALE “H”
Port Retains status before stop mode |Retains status before stop mode

CLKout When fc selected Valid only in single-chip mode |“H”

When f8, 32 selected

Valid only in single-chip mode

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

in wait mode.

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

Table 2.5.3 Port status during wait mode

Pin

Memory expansion mode
Microprocessor mode

Single-chip mode

Address bus, data bus, CS0 to CS3

Retains status before wait mode

RD, WR, BHE, WRL, WRH

o

HLDA,BCLK “H”

ALE “H”

Port Retains status before wait mode | Retains status before wait mode
CLKout When fc selected Valid only in single-chip mode | Does not stop

When f8, 32 selected

Valid only in single-chip mode

Does not stop when the WAIT
peripheral function clock stop
bit is “0”.

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

Note: When switching the count source for BCLK between XIN and XCIN, it needs that the oscillation of

the switched count source is sufficiently stable. Shift after taking the oscillation stabilizing time by
software.

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

CMm17 CM16 CMO07 CMO06 CMO05 CMmo04 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
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2.5.8 Power Control
The following is a description of the three available power control modes:

Modes
Power control is available in three modes.

(1) Normal operation mode

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

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

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

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

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

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

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

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

Reset

CM10 =*1"

Stop mode

All oscillators stopped Interrupt

Interrupt

CM10 =*“1"

Stop mode

All oscillators stopped

CM1

Stop mode

Interrupt

All oscillators stopped

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

WAIT
instruction

Wait mode

Interrupt
A CPU operation stopped
WAIT
v instruction
High-speed/ .
medium-speed Wait mode
mode
Interrupt
A CPU operation stopped
v WAIT
instruction
Low-speed/ .
low power dissipation Wait mode

mode

Normal mode

Transition of normal mode

CMO06 = 1"

»
L

Main clock is oscillating
Sub-clock is oscillating

Interrupt

CPU operation stopped

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

Main clock is oscillating
Sub-clock is stopped

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

BCLK : f(XiN)/8

CMO07 =*0" CMO06 = 1"

A
cMoa="0" | cMo4 =17

(Notes 1, 3)

h 4

cMo7 = 0"
CMO06 = *1”
CM04 = 0"

(Note 1)

High-speed mode

Medium-speed mode (divided-by-2)

BCLK : f(XIN)
CMO07 =*0" CM06 =“0"
CM17="0" CM16="0"

BCLK : f(XIN)/2
CMO07 =*0"  CM06 = 0"
CM17="0" CM16="1"

Medium-speed mode (divided-by-4)

Medium-speed mode (divided-by-16)

BCLK : f(Xin)/4

|

BCLK : f(XIN)/16

:

Medium-speed mode (divided-by-8)

BCLK : f(XIN)/8

CMO07 =“0"
CM06 =*“1"

CM07 =“0" CMO06 = *“0" CM07 =“0" CMO06 =*“0"
CM17 =*1" CM16 =“0" CM17 =*1" CM16="1"
CMo4 = 0" cmos=-1 A
Main clock is oscillating
v Sub clock is stopped

High-speed mode

Medium-speed mode (divided-by-2)

BCLK : f(XIN)
CMO07 =“0" CMO6 = “0"
CM17 =“0" CM16="0"

P Medium-speed mode (divided-by-4)

Medium-speed mode (divided-by-16)

CM06 = ‘0"

(Notest, 3) BCLK: f(XIN)/4
CMO07 =*0" CM06 = “0"
CM17="1" CM16="0"

BCLK : f(XIN)/16
CMO07 =*0" CMO6 = “0"
CM17="1" CM16="1"

CMO07 =*0"

CMO06 =“0" CMO5 ="“1"
CM04 = “0" (Note 2)
(Notes 1, 3)

CMO07 =*1"

Main clock is oscillating
Sub-clock is oscillating

Low-speed mode

CMO07 ="0"
(Notes 1, 3)
o
u
BCLK : f(XcIN)
CMO7 ="1"

CM07 ="1"
(Note 2)

»

Ly

CMO05 ="0" CMO05 ="1"
Main clock is stopped

Sub-clock is oscillating

Low power dissipation mode

BCLK : f(XcIN)
CMO07 ="1"

Notes 1: Switch clocks after oscillation of main clock is
sufficiently stable.

Switch clocks after oscillation of sub-clock is
sufficiently stable.

Change CMO06 after changing CM17 and
CM16.

N

w

»

Transit in accordance with arrows.

Figure 2.5.7 State transition diagram of Power control mode
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2.6 Protection

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

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

Protect register

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset
PRCR 000A16 XXXXX0002
Bit symbol Bit name Function RIW|

Enables writing to system clock
PRCO control registers 0 and 1 (addresses

: Write-inhibited 00
000616 and 0007 16) ‘

: Write-enabled

=)

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

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

e PRC2 Enables writing to port P9 direction ‘
register (address 03F316) 0 : Write-inhibited 1) : 1)
(Note) 1 : Write-enabled 1

Nothing is assigned. !
In an attempt to write to these bits, write “0.” The value, if read, turns out to be - 3—
indeterminate. !

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

Figure 2.6.1 Protect register
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2.7 Interrupts

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

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

0 Software . .
[] BRK instruction
( [] INT instruction

| [l

nterrupt

" E U Reset

] DBC
O [lspecial ———— [ Watchdog timer
. Hardware E ] Single step

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

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

Figure 2.7.1 Classification of interrupts

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

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

Rev.1.40 Oct 06, 2004 page 47 of 269 RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6249789/M306V2EEFP.html

M306V2ME-XXXFP, M306V2EEFP

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

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

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

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

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

Special interrupts are non-maskable interrupts.

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

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

« Watchdog timer interrupt

Generated by the watchdog timer.

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

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

(2) Peripheral I/O interrupts
A peripheral I/O interrupt is generated by one of built-in peripheral functions. Built-in peripheral func-
tions are dependent on classes of products, so the interrupt factors too are dependent on classes of
products. The interrupt vector table is the same as the one for software interrupt numbers 0 through
31 the INI instruction uses. Peripheral I/O interrupts are maskable interrupts.
* Bus collision detection interrupt
This is an interrupt that the serial 1/0 bus collision detection generates.
*« DMAQO interrupt, DMAL interrupt
These are interrupts DMA generates.
* Vsvne interrupt
Vsyne interrupt occurs if a Vsyne edge is input.
¢ A-D conversion interrupt
This is an interrupt that the A-D converter generates.
* UARTO transmission, UART2 transmission interrupts
These are interrupts that the serial I/O transmission generates.
*« UARTO reception, UART2 reception interrupts
These are interrupts that the serial I/O reception generates.
« Multi-master | 2C-BUS interface 0 and multi-master | 2C-BUS interface 1 interrupts
This is an interrupt that the serial I/O transmission/reception is completed, or a STOP condition is
detected.
e Timer AO interrupt through timer A4 interrupt
These are interrupts that timer A generates
« Timer BO interrupt through timer B2 interrupt
These are interrupts that timer B generates.
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« INTo interrupt and INT 1 interrupt

An INT interrupt occurs if either a rising edge or a falling edge or a both edge is input to the INT pin.
* OSD1 interrupt and OSD?2 interrupt

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

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

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

Figure 2.7.2 Format for specifying interrupt vector addresses

(1) Fixed vector tables
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area
extending from 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 is filled with FF16, program execution starts from
the address shown by the vector in the variable vector table

Address match

FFFE816 to FFFEB16

There is an address-matching interrupt enable bit

Single step (Note)

FFFEC16 to FFFEF16

Do not use

Watchdog timer

FFFFO16 to FFFF316

DBC (Note)

FFFF416 to FFFF716

Do not use

Reserved source

FFFE816 to FFFEB16

Do not use

Reset

FFFFC16 to FFFFF16

Note: Interrupts used for debugging purposes only.
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(2) Variable vector tables
The addresses in the variable vector table can be modified, according to the user's settings.
Indicate 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
comprises 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

Software interrupt number

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

Interrupt source

Remarks

Software interrupt number 0

+0 to +3 (Note)

BRK instruction

Cannot be masked | flag

Software interrupt number 4

+16 to +19 (Note)

0OsD1

Software interrupt number 5

+20 to +23 (Note)

Reserved source

Software interrupt number 6

+24 to +27 (Note)

Reserved source

Software interrupt number 7

+28 to +31 (Note)

Reserved source

Software interrupt number 8

+32 to +35 (Note)

0OSD2

Software interrupt number 9

+36 to +39 (Note)

Multi-master 12C-BUS interface 1

Software interrupt number 10

+40 to +43 (Note)

Bus collision detection

Software interrupt number 11

+44 to +47 (Note)

DMAO

Software interrupt number 12

+48 to +51 (Note)

DMA1

Software interrupt number 13

+52 to +55 (Note)

Multi-master 12C-BUS interface 0

Software interrupt number 14

+56 to +59 (Note)

A-D conversion

Software interrupt number 15

+60 to +63 (Note)

UART2 transmit

Software interrupt number 16

+64 to +67 (Note)

UART2 receive

Software interrupt number 17

+68 to +71 (Note)

UARTO transmit

Software interrupt number 18

+72 to +75 (Note)

UARTO receive

Software interrupt number 19 +76 to +79 (Note) Data slicer
Software interrupt number 20 +80 to +83 (Note) VSYNC
Software interrupt number 21 +84 to +87 (Note) Timer AO
Software interrupt number 22 +88 to +91 (Note) Timer Al
Software interrupt number 23 +92 to +95 (Note) Timer A2
Software interrupt number 24 +96 to +99 (Note) Timer A3
Software interrupt number 25 +100 to +103 (Note) Timer A4
Software interrupt number 26 +104 to +107 (Note) Timer BO
Software interrupt number 27 +108 to +111 (Note) Timer B1
Software interrupt number 28 +112 to +115 (Note) Timer B2
Software interrupt number 29 +116 to +119 (Note) INTo
Software interrupt number 30 +120 to +123 (Note) INT1

Software interrupt number 31

+124 to +127 (Note)

Reserved source

Software interrupt number 32

to
Software interrupt number 63

+128 to +131 (Note)

to
+252 to +255 (Note)

Software interrupt

Cannot be masked I flag

Note: Address relative to address in interrupt table register (INTB).
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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 nhon-maskable interrupt using the interrupt enable flag (I flag), interrupt priority level
selection bit, or processor interrupt priority level (IPL). Whether an interrupt request is present or absent
is indicated by the interrupt request bit. The interrupt request bit and the interrupt priority level selection
bit are located in the interrupt control register of each interrupt. Also, the interrupt enable flag (I flag) and
the IPL are located in the flag register (FLG).
Figure 2.7.3 shows the interrupt control registers.

Rev.1.40 Oct 06, 2004 page 53 of 269 RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6249789/M306V2EEFP.html

M306V2ME-XXXFP, M306V2EEFP

Symbol Address When reset
. OSDilC(i=1, 2) 004416, 004816 XXXX?0002
Interrupt control reglster BCNIC 004A1s XXXX?0002
DMIIC(i =0, 1) 004B16, 004C16 XXXX?0002
1ICOIC 004D1s XXXX?0002
ADIC 004E1s XXXX?0002
SiTIC(i=0,2) 005116, 004F16 XXXX?0002
SIRIC(i=0,2) 005216, 005016 XXXX?0002
DSIC 005316 XXXX?0002
N4 N N4 R S s VSYNCIC 005416  XXXX?0002
TAIIC(i=0to 4) 005516 to 005916 XXXX?0002
R TBIIC(i=0to 2) 005A16 to 005C16 XXXX?0002
Bit symbol Bit name Function R W
A ILVLO Interrup_t priority level b2 b160 !
A R R select bit 000: Level O (interrupt disabled) © ©
A 001: Levell j
[T T S R R ILvil 010: Level2 ]
Pl 011: Level3 ©c:0
A 100: Level 4 1
oo ] ILVL2 101: Level5 |
A 110: Level 6 o, 0
oo 111: Level7 |
oo ] IR Interrupt request bit 0: Interrupt not requested o 0
1: Interrupt requested ! (Note)
R S R Nothing is assigned.
In an attempt to write to these bits, write “0.” The value, if read, turns out to -
be indeterminate. :

b7 b6 b5 b4 b3 b2 bl b0

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

Symbol Address When reset
0 INTIIC(i=0, 1) 005D16, 005E16  XX00?70002
E E E E E E E E 1IIC1IC 004916 XX00?0002
¢+ o444 Bitsymbol Bit name Function R W
E . . . . . ' : ILVLO Intlerrug_t priority level b2 b1 bo o o
T B select bit 000 : Level O (interrupt disabled) !
A 001:Levell 3
CR— ILvL1 010: Level 2
P 011:Level3 0:0
o 100: Level 4 1
R ILVL2 101:Level5 !
oo 110:Level 6 6.0
o 111:Level7 1
e IR Interrupt request bit 0: Interrupt not requested o
oo 1: Interrupt requested 1(Note 1)
R S POL Polarity select bit 0: Selects falling edge ol o
(Note 2) 1 : Selects rising edge
 SEEGREEEELTEED Reserved bit Must always be set to “0” o0
L] Nothing is assigned.
In an attempt to write to these bits, write “0.” The value, if read, turns out to T
be indeterminate. i

Notes 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).
2: Bit 4 at address 004916 is invalid. Must always be set to “0.”
3: To rewrite the interrupt control register, do so at a point that does not generate the

fnbmvre it vmminban fav blaad vaminbar Fav dadaila aan blha vaaas diann fan fmd e b

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

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

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

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

- interrupt request bit =1

- interrupt priority level > IPL

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

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

I?;Sgluspglggfgitty Interrtljé)\g:riority Pc)rirggtry 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 0 1 Interrupt levels 2 and above are enabled
010 Level 2 010 Interrupt levels 3 and above are enabled
01 1 Level 3 01 1 Interrupt levels 4 and above are enabled
1 0 0 Level 4 1 0 O Interrupt levels 5 and above are enabled
1 0 1 Level 5 1 01 Interrupt levels 6 and above are enabled
11 0 Level 6 Y 11 0 Interrupt levels 7 and above are enabled
11 1 Level 7 High 11 1 All maskable interrupts are disabled
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2.7.9 Rewrite Interrupt Control Register
To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCHZ1:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCHS3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

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

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

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

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading ad-
dress 000001s6.

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

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

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

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

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

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

Note: This register cannot be utilized by the user.

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

Interrupt request generated  Interrupt request acknowledged

P o,

Instruction in S

Instruction Interrupt sequence . ,
interrupt routine

- @ g ®) B

Interrupt response time

Figure 2.7.4 Interrupt response time
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Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the

DIVX instruction (without wait).
Time (b) is as shown in Table 2.7.5.

Table 2.7.5 Time required for executing the interrupt sequence

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

Notes 1: Add 2 cycles in the case of a DBC interrupt; add 1 cycle in the case either of an address coinci-

dence interrupt or of a single-step interrupt.
2: Locate an interrupt vector address in an even address, if possible.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
BCLK BEREREREREREREEERERERERERERERERERERE
Address bus XAggBeoss >< Indeterminate >< SP-2 >< SP-4 >< vec X vec+2 >< PC
Data bus _Interrupt ; SP-2 SP-4 vec vec+2
X|nf0rmat|on>< Indeterminate ><contents Xcontents Xcontents X contents ><

" L

Indeterminate Y

U

! L

The indeterminate segment is dependent on the queue buffer.

If the queue buffer is ready to take an instruction, a read cycle occurs.

Figure 2.7.5 Time required for executing the interrupt sequence

2.7.12 Variation of IPL when Interrupt Request is Accepted

If an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL.

If an interrupt request, that does not have an interrupt priority level, is accepted, one of the values shown

in Table 2.7.6 is set in the IPL.

Table 2.7.6 Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels

Value set in the IPL

Watchdog timer 7
Reset 0
Other Not changed
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2.7.13 Saving Registers

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

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

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

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

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

Note: Stack pointer indicated by U flag.

(1) Stack pointer (SP) contains even number

Address Stack area Sequence in which order
registers are saved

[SP] - 5 (Odd)
[SP] — 4 (Even) Program counter (PCv) -«

(2) Saved simultaneously,
[SP] - 3(Odd) Program counter (PCv) | all 16 bits
[SP] - 2 (Even) Flag register (FLGL) -

(1) Saved simultaneously,
[SP] — 1(Odd) Flag register Program | g all 16 bits

(FLGH) counter (PCw)

[SP] (Even)

Finished saving reqisters
in two operations.

(2) Stack pointer (SP) contains odd number

Address Stack area Sequence in which order
registers are saved

[SP] -5 (Even)

[SP] - 4(Odd) Program counter (PCi) | qg— 3)

[SP] -3 (Even) Program counter (PCu) *“—(4) | saved simultaneously
all 8 bits

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

_ Flag register Program
[SPI-1 (Even) (FLGH) counter (PCw) - @)

[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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2.7.14 Returning from an Interrupt Routine

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

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

2.7.15 Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned a higher priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral 1/0 interrupts) using the interrupt priority
level select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher
hardware priority is accepted.
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority),
watchdog timer interrupt, etc. are regulated by hardware.
Figure 2.7.8 shows the priorities of hardware interrupts.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

2.7.16 Interrupt Priority Level Resolution Circuit

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

Figure 2.7.8 Hardware interrupts priorities

Priority level of each interrupt

i INTL

[ Timer B2

| Timer BO

| Timer A3

| Timer A1

[ 0sD1

H INTO

| Timer B1

| Timer A4

| Timer A2

| VsyNC

il UARTO reception

| UART2 reception

Hl A-D conversion

[ DMA1

Hl Bus collision detection

H 0sb2

| Timer AO

Hl Data slicer

| UARTO transmission

| UART2 transmission

' [ Multi-master 12C-BUS interface 0 |}

[ DMAO

¢ | Multi-master 12C-BUS interface 1 |}

| Processor interrupt priority level (IPL)

Interrupt enable flag (I flag)

- Level O (initial value)

A High

Priority of peripheral 1/O interrupts
(if priority levels are same)

Y Low

Address match

— ]

|—

DBC

Interrupt request accepted

|
|
[ Watchdog timer
|
|

Reset

Figure 2.7.9 Maskable interrupts priorities (peripheral 1/O interrupts)
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2.7.17 INT Interrupt
INTo and INT1 are triggered by the edges of external inputs. The edge polarity is selected using the
polarity select bit.
As for external interrupt input, an interrupt can be generated both at the rising edge and at the falling edge
by setting “1” in the INTi interrupt polarity switching bit of the interrupt request cause select register
(035F16). To select both edges, set the polarity switching bit of the corresponding interrupt control regis-
ter to ‘falling edge’ (“07).
Figure 2.7.10 shows the Interrupt control reserved register, Figure 2.7.11 shows the Interrupt request
cause select register.

Interrupt control reserved register i

b7 b6 b5 b4 b3 b2 bl bo

| 0 | 0 | 0 |O | 0 | 0 | 0 | 0 | Symbol Address When reset
S e e e e e REIIC (i=0to 3) 004516, 004616, 004716, 005F16  Indeterminate
i | Bitsymbol | Bit name Function RIW
Ll i Reserved bit Mustalways be setto 0" | O O

Figure 2.7.10 Interrupt control reserved registeri (i = 0 to 3)

Interrupt request cause select register

b7 b6 b5 b4 b3 b2 bl bO

[o]ofo]o]o]o] | | Symbol Address When reset

— T T T T T T IFSR 035F16 0016

: | Bit symbol Bit name Function R W
0io
B e N (I o0
L _________ Reserved bits Must always be set to “0” O O

Figure 2.7.11 Interrupt request cause select register
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2.7.18 Address Match Interrupt
An address match interrupt is generated when the address match interrupt address register contents
match the program counter value. Two address match interrupts can be set, each of which can be
enabled and disabled by an address match interrupt enable bit. Address match interrupts are not af-
fected by the interrupt enable flag (I flag) and processor interrupt priority level (IPL). The value of the
program counter (PC) for an address match interrupt varies depending on the instruction being executed.
Figures 2.7.12 and 2.7.13 show the address match interrupt-related registers.

Address match interrupt enable register

b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
NN NN NN
}A{}A{}A{}A.. AIER 000916 XXXXXX002
A Bit symbol Bit name Function R'W
T T T N S AIERQ |Address maich interrupt O | o : |nterrupt disabled oio
o enable bit | 7 - nterrupt enabled !

e AIER1  [Address match interrupt 1

Pl enable bit

= O

. Interrupt disabled
: Interrupt enabled O: ©

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

be indeterminated.

Figure 2.7.12 Address match interrupt enable register

Address match interrupt registeri (i= 0, 1)

(b23) (b19)  (b16)(b15) (v8) Symbol Address When reset

b7 b3 b0 b7 be b7 5 RMADO 001216 to 001016 X0000016

|X|><|><|><| | | | RMAD1 001616 to 001416 X0000016
Function Values that can be set |R W

‘---1 Address setting register for address match interrupt 0000016 to FFFFF16  |O!O

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

be indeterminated.

Figure 2.7.13 Address match interrupt registeri (i =0, 1)
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2.7.19 Precautions for Interrupts
(1) Reading address 00000 16

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

(2) Setting the stack pointer
« The value of the stack pointer immediately after reset is initialized to 000016. Accepting an interrupt
before setting a value in the stack pointer may become a factor of runaway. Be sure to set a value in
the stack pointer before accepting an interrupt.

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

Set the polarity select bit

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

( 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 2.7.14 Switching condition of INT interrupt request

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

Example 1:
INT_SWITCHZ1:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP : Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCHS3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

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

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

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

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

With X IN chosen for BCLK

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

Watchdog timer period =

With X cIN chosen for BCLK

pre-scaler dividing ratio (2) O 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 microcomputer is
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by
writing to the watchdog timer start register (address 000E16).

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

BCLK : > m Watchdog timer
HOLD :D Watchdog timer interrupt request
A
Write to the watchdog timer
start register
(address O0OE 16) “Sﬁztégm,,
RESET ©
Figure 2.8.1 Block diagram of watchdog timer
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b
Symbol Address When reset
| | 0 | 0 | | | | | | WDC 000F16 000222272
Bit symbol Bit name Function RW
b High-order bit of watchdog timer ofx
R CCLECTEEEEEEEEE Reserved bits Must always be set to “0” 0!0
_________________________ WDC7 Prescaler select bit 0 : Divided by 16 OEO
1: Divided by 128

Figure 2.8.2 Watchdog timer control register

b7

b0

Watchdog timer start register

Symbol Address When reset
WDTS 000E16 Indeterminate

Function

The watchdog timer is initialized and starts counting after a write instruction to
this register. The watchdog timer value is always initialized to “7FFF 16"
regardless of whatever value is written.

Figure 2.8.3 Watchdog timer start register
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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 2.9.7 show the registers used by

the DMAC.
( Address bus y
A
_I:>|DMAO source pointer SAR0(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) ':>
{} (addresses 0029 16, 002816) | | (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) ':> :>|DMA1 destination pointer DAR1 (20)
U {} (addresses 003616 to 0034 16)
:>| DMAL transfer counter reload register TCR1 (16) ':> |DMA1 forward address pointer (20) (Note) l:>
\/ (addresses 003916, 003816)
[DMAL transfer counter TCR1. (16) > | DMA latch high-order bits | DMA latch low-order bits |
S— Data bus low-order bits )
¢ Data bus high-order bits )
Note: Pointer is incremented by a DMA request.

Figure 2.9.1 Block diagram of DMAC

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

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

Item

Specification

No. of channels

2 (cycle steal method)

Transfer memory space

* From any address in the 1M bytes space to a fixed address
* From a fixed address to any address in the 1M bytes space
* From a fixed address to a fixed address
(Note that DMA-related registers [002016 to 003F1s] cannot be accessed)

Maximum No. of bytes transferred

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

DMA request factors (Note)

Falling edge or both edge of pin INTo

Falling edge of pin INT1

Timer AO to timer A4 interrupt requests

Timer BO to timer B2 interrupt requests

UARTO transmission and reception interrupt requests
UART2 transmission and reception interrupt requests
Multi-master 12C-BUS interface 0 interrupt request
Multi-master I2C-BUS interface 1 interrupt request
A-D conversion interrupt request

0OSD1 and OSD2 interrupt requests

Data slicer interrupt request

Vsync interrupt request

Software triggers

Channel priority

DMAO takes precedence if DMAO and DMA1 requests are generated simultaneously

Transfer unit

8 hits 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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DMAQO request cause select register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | |><|><| | | | | DMOSL 03B816 0016
Bit symbol Bit name Function
b3 b2 bl b0

" 0000 : Falling edge of INTo pin
DSELO select bit 000 1: Software trigger
0010: Timer AO
0011:TimerAl
0100: Timer A2
v mmmeeEee 0101:Timer A3
DSEL1 0110: Timer A4 (DMS = 0)
/two edges of INTo pin (DMS=1)
0111:Timer BO (DMS = 0)
/OSD1 (DMS=1)
1000: Timer B1 (DMS =0)
DSEL2 /0SD2 (DMS=1)
1001 : Timer B2 (DMS = 0)
/Multi-master 12C-BUS interface 0
(DMS=1)
1010 :UARTO transmit
1011:UARTO receive
DSEL3 1100 : UART2 transmit
1101:UART2 receive
1110:A-D conversion
1111:Data slicer

DMA request cause

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

_______________________ DMS DMA request cause 0 : Normal
expansion bit 1: Expanded cause
DSR Software DMA If software trigger is selected, a
e RRCDEEEEEEEEEEE request bit DMA request is generated by

setting this bit to “1” (When read,
the value of this bit is always “0")

Figure 2.9.2 DMAO request cause select register
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DMAL1 request cause select register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| DM1SL 03BA16 0016
Bit symbol Bit name Function R W
DMA request cause b3b2b1 b0 _
DSELO select bit 000 0: Falling edge of INT 1 pin !
0001 : Software trigger o i o
0010: Timer AO i
0011:Timer Al :
0100: Timer A2 !
DSEL1 0101:Timer A3 (DMS = 0) |
/OSD1 (DMS = 1) o | o
0110: Timer A4 (DMS = 0) !
/OSD2 (DMS = 1) |
0111:Timer BO i
DSEL2 {hl:l)lruwlté-r:zﬁter 12C-BUS interface 1
1000: Timer B1 OEO
1001: Timer B2 !
1010: UARTO transmit :
101 1:UARTO receive ]
DSEL3 1100 : UART2 transmit }
1101:UART2 receive [eREe)
1110:A-D conversion i
1111:VsyNe |
Nothing is assigned. |
In an attempt to write to these bits, write “0.” — ‘ —
The value, if read, turns out to be “0.” i
DMA request 0 : Normal
DMS cause expansion bit 1: Expanded cause © o
DSR Software DMA If software trigger is selected, a
request bit DMA request is generated by '
setting this bit to “1” (When read, o o
the value of this bit is always “0”) !
Figure 2.9.3 DMAL request cause select register
DMAI control register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
|><|><| | | | | | | DMICON(i=0,1) 002C16, 003C16 000007002
- symbol Bit name Function R! W
Transfer unit bit select bit |0 : 16 bits |
v v v v v 4 | DMBIT h |
oo 1: 8 bits O: °
Repeat transfer mode 0 : Single transfer
A DMASL select bit 1: Repeat transfer % i %
P L DMA request bit (Note 1) |0 : DMA not requested o: O
A DMAS a ( ) 1: DMA requested ' (Note 2)
A DMA enable bit 0 : Disabled |
R DMAE 1: Enabled © } ©
Source address direction | : Fixed |
bbby DSD select bit (Note 3) 1 : Forward o O
Destination address 0 : Fixed i
. DAD direction select bit (Note 3) [ 1 : Forward (OREN)
E ' Nothing is assigned. ‘
""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0.” - =
Notes 1: DMA request can be cleared by resetting the bit.
2:This bit can only be set to “0.”
3:Source address direction select bit and destination address direction select bit
cannot be set to “1” simultaneously.

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

(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 b0 Symbol Address When reset
|><|><|><|><| : : SARO 002216 to 002016 Indeterminate

N - : SAR1 003216 to 003016 Indeterminate
. H . Transfer count !
oo Function specification RwW
P e + Source pointer 0000016 to FFFFF16 |O!O
R Stores the source address !
_______________________________________________ Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0.” ;
Figure 2.9.5 DMAI source pointer (i=0, 1)
DMAI destination pointer (i = 0, 1)
(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 bo b7 50 Symbol Address When reset
|><|><|><|><| DARO 002616 to 002416 Indeterminate
I T DAR1 003616 to 003416 Indeterminate
oo : Function Transfer count RIW
oo : specification !
Pl [ + Destination pointer 0000016 to FFFFF1s [O!O
N Stores the destination address 3
:L__,___E____: ____________________________________ Nothing is assigned. _3_
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0.” 1
Figure 2.9.6 DMAI destination pointer (i = 0, 1)
DMAi transfer counter (i = 0, 1)
(b15) (b8)
b7 b0 b7 b0
T Symbol Address When reset
i TCRO 002916, 002816 Indeterminate
' TCR1 003916, 003816 Indeterminate
: Transfer count |
Function specification RiW
: « Transfer counter 3
A 000016 to FFFF16  |O10
Set a value one less than the transfer count !

Figure 2.9.7 DMAI transfer counter (i =

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

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

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

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

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

BCLK

Addr
bdd ess CPU use Source  XDestination Dummy CPU use
us cycle

RD signal

WR signal

Data - Dummy
bus CPU use >< Source ><Dest|na\tlon><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 - Dummy
bus CPU use Source Source + 1 XDestination cycle CPU use

RD signal

WR signal

Data Dumm
CPU use Source + 1 inati y cpU
bus Source Destination X ¢y cjq use

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

Qgsdress CPU use >< Source ><Destination><chucTemy >< CPU use
RD signal —\—[—
WR signal

Data - Dummy
bus CPU use Source Destination, cycle CPU use

(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 X Source + 1 ><Destination>< Dummy >< CPU use
us cycle

RD signal

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

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

Figure 2.9.8 Example of the transfer cycles for a source read
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2.9.2 DMAC Transfer Cycles
Any combination of even or odd transfer read and write addresses is possible. Table 2.9.2 shows the
number of DMAC transfer cycles.
The number of DMAC transfer cycles can be calculated as follows:

No. of transfer cycles per transfer unit = No. of read cycles O j + No. of write cycles [0 k

Table 2.9.2 No. of DMAC transfer cycles

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

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

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

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

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

2.9.4 DMA Request Bit

The DMAC can generate a DMA transfer request signal triggered by a factor chosen in advance out of
DMA request factors for each channel.

DMA request factors include the following.

* Factors effected by using the interrupt request signals from the built-in peripheral functions and software
DMA factors (internal factors) effected by a program.

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

For the selection of DMA request factors, see the descriptions of the DMAI factor selection register.
The DMA request bit turns to 1 if the DMA transfer request signal occurs regardless of the DMAC's state
(regardless of whether the DMA enable bit is set 1 or to 0). It turns to 0 immediately before data transfer
starts.

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

There can be instances in which a change in DMA request factor selection bit causes the DMA request bit
to turn to 1. So be sure to set the DMA request bit to 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 O 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.

(2) 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 sig=Is.
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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 O immediately before data
transfer starts similarly to the state in which an internal factor is selected.

(3) The priorities of channels and DMA transfer timing

If a DMA transfer request signal falls on a single sampling cycle (a sampling cycle means one period
from the leading edge to the trailing edge of BCLK), the DMA request bits of applicable channels
concurrently turn to 1. If the channels are active at that moment, DMAO is given a high priority to start
data transfer. When DMAO finishes data transfer, it gives the bus right to the CPU. When the CPU
finishes single bus access, then DMA1 starts data transfer and gives the bus right to the CPU. Figure
2.9.9 illustrates these operations.

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

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

o
DMA1 i &f ///> Obtainm
b ‘ ent of the

ey 777 / o'/// 7 | e

DMAO

request bit
INT1

DMA1

request bit

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

Clock prescaler

xin () ° - f1

1/8

Clock prescaler reset flag (bit 7
1/4 f3p ataddress 038116) set to “1”

f1 fg f32 fc32

« Timer mode
« One-shot mode

o
o)
o
o—o) o 1 Timer AO interrupt
—;/)—O Timer A0 I -

« Event counter mode

« Timer mode
« One-shot mode

o
o)
o)
c»—o) o Timer Al interrupt

—oO O\—I Timer Al I -
« Event counter mode

» Timer mode
« One-shot mode

o)
o)
’e) * PWM mode
o—o/O o) 1 Timer A2 interrupt
"—;/0—0 Timer A2 I -

« Event counter mode

« Timer mode
* One-shot mode

%OO

Timer A3 interrupt

« PWM mode
o
o—:/o—o Timer A3 I -

« Event counter mode

« Timer mode
» One-shot mode

&OO

Timer A4 interrupt

¢}
o—;/)—oo\>—| Timer A4 I -

« Event counter mode

Timer B2 overflow

Figure 2.10.1 Timer A block diagram
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Clock prescaler

xn O * > f1
ki Clock prescaler reset flag (bit 7
1/4 f32 at address 038116) set to “1”
f1 f8 f32 fca2
Timer A
t

o} « Timer mode
O O\-Pulse period/pulse width measuring mode

p—o/
TBoN () ! @—@‘ 0 o

I Timer BO interrupt
1 Timer BO I—o—»

« Event counter mode

O
O « Timer mode
) o O o\F’ulse period/pulse width measuring mode Timer B1 interrupt
Noise | .
" p————
81N (O) w g} o | Timer B1 |—<

« Event counter mode

o « Timer mode ) )
o « Pulse period/pulse width measuring mode ~ Timer B2 interrupt
To2n OB [ o0 o]

l Timer B2 I—ib—>

« Event counter mode

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 2.10.10 show the timer A-related

registers.

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

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

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

« One-shot timer mode: The timer stops counting when the count reaches “000016".

* Pulse width modulation (PWM) mode:

The timer outputs pulses of a given width.

S Data bus high-order bits S
Clock source 173
selection « Timer ¢ Data bus low-order bits S
i —o * One shot 1T Low-order High-order
f8 *PWM 8 bits 8 bits
—o\p ° ] U
fs2 —o Reload register (16) |
fcaa——oO 7~ N
« Event counter
Counter (16) |—
Up count/down count
Count start flag Always down count except
in event counter mode
« Clock selection (Address 038016)
Down count ) TAi Addresses TA_ j ) TAk
e} T!mer A0 038716 038616 T!mer A4 T!mer Al
TB2 overflow External Timer A1 038916 038816  Timer AO Timer A2
TAj overflow mggeera Up/down flag Timer A2 038Bis 038Ais  Timer AL Timer A3
S T o L Timer A3 038D1s 038Cis Timer A2 Timer A4
(j=1- 1. Note, however, that j = 4 when i = 0) (Address 038415) Timer A4 038F1s 038Eis  Timer A3 Timer A0
TAk overflow —0— 0O
(k =i+ 1. Note, however, that k =0 when i = 4)
TAioUT Pulse output
i=2,3)
| |
O | Toggle flip-flop
Figure 2.10.3 Block diagram of timer A
Timer Ai mode register
w7 b6 b5 ba b3 b2 bi bo Symbol Address When reset
| | TAIMR(i=0to 4) 039616 to 039A16 0016
I Bit symbol Bit name Function RIW,
; . . . A TMODO Operation mode select bit b(;bg - Timer mode OiO
Voo 0 1 : Event counter mode |
- TMOD1 10 : One-shot timer mode |
[ P 11 : Pulse width modulation 00
T (PWM) mode  (Note) '
HE MRO . . . . [eXe]
oo Function varies with each operation mode ——
H H MR1 0.0
MR2 00
: L ICEICEEER MR3 0.0
""""""""""" TCKO Count source select bit o0
L TCK1 (Function varies with each operation mode) 00
Note: Only timers 2 and 3 have PWM mode.

Figure 2.10.4 Timer Ai mode register (i = 0 to 4)
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Timer Ai register (Note)

Symbol Address When reset
®12) we bo TAO 038716,038616 Indeterminate
TA1l 038916,038816 Indeterminate
I TA2 038B16,038A16 Indeterminate
! TA3 038D16,038C16 Indeterminate
TA4 038F16,038E16 Indeterminate
i Function Values that can be set |R EW
*+==1 « Timer mode 000016 to FFFF16 O§O
Counts an internal count source !
« Event counter mode 000016 to FFFF16
Counts pulses from an timer overflow O}O
« One-shot timer mode 000016 to FFFF16
Counts a one shot width X O
« Pulse width modulation mode (16-bit PWM) (TA2, TA3) [ 000016 to FFFE16 X O
Functions as a 16-bit pulse width modulator
« Pulse width modulation mode (8-bit PWM) (TA2, TA3) 0016 to FE16
Timer low-order address functions as an 8-bit (Both high-order [X'O
prescaler and high-order address functions as an 8-bit and low-order |
pulse width modulator addresses)
Note: Read and write data in 16-bit units.
Figure 2.10.5 Timer Ai register (i = 0 to 4)
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | TABSR 038016 0016
Por v 0 | Bit symbol Bit name Function R W
P 0w TAOS Timer A0 count start flag 0 : Stops counting 0.0
(T S S S S P TA1S Timer Al count start flag 1: Starts counting OiO
DR TA2S Timer A2 count start flag 0.0
Pl e TA3S Timer A3 count start flag 00
LT, TA4S Timer A4 count start flag 00
feem e TBOS Timer BO count start flag Oio
R TB1S Timer B1 count start flag 0.0
e LRCTTTTTRPRRRRRERP TB2S Timer B2 count start flag 0.0

Figure 2.10.6 Count start flag
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Up/down flag
b7 b6 b5 b4 b3 b2 bl boO Symbol Address When reset

| 0 | 0 | 0 | | | | | | UDF 038416 0016
oo+ | Bitsymbol Bit name Function R W
bbb bbb by TAOUD  |Timer AQ up/down flag 0 : Down count 00
A 1 Up count :
e TA1UD  [Timer Al up/down flag pcou OEO
R TA2UD Timer A2 up/down flag This specification becomes vali_d O
- when the up/down flag content is .
SRRl TA3UD  |Timer A3 up/down flag selected for up/down switching |00
oo cause :
Do e TA4UD  [Timer A4 up/down flag 0.0
L S Reserved bit Must always be set to “0” X0

Figure 2.10.7 Up/down flag

One-shot start flag

Symbol Address When reset
| b7 | b6 |>b5<| b4 | b3 | b2 | b1 | bo ONSF 038216 00X000002
iov v | Bitsymbol Bit name Function RW
i+ 1 1 1 -4 TA0OS |Timer AO one-shotstartflag |1 : Timer start Oio
T R . TA10S |Timer Al one-shot start flag When read, the value is *0 00
R TA20S | Timer A2 one-shot start flag 00
A TA30S | Timer A3 one-shot start flag 0.0
e SGGRREEEEEEE TA40S  [Timer A4 one-shot start flag (@) @)
: : ] Nothing is assigned. !
I In an attempt to write to this bit, write “0.” The value, if read, turns out to be indeterminate. _}_
R TR TAOTGL [ Timer AO event/trigger b7 b6 00
: select bit 00: Do not set 1
H 0 1:TB2 overflow is selected "
e TAOTGH 10 : TA4 overflow is selected 00
11:TA1 overflow is selected !
Figure 2.10.8 One-shot start flag
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Trigger select register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | TRGSR 038316 0016
Bit symbol Bit name Function RIW
Timer Al event/trigger b1 b0 |
R TALTGL select bit 99 00 : Do not set 00
0 1: TB2 overflow is selected :
o TA1TGH 1 0: TAO overflow is selected O o
11: TA2 overflow is selected !
A Timer A2 event/trigger b3 b2
LT TS5 select bit 00 : Do not set 0.0
o 0 1:TB2 overflow is selected
. TA2TGH 10: TA1 overflow is selected 00
. 11: TA3 overflow is selected
R Timer A3 event/trigger bs b4
TASTGL select bit 99 00 : Do not set (o)®)
HE 0 1:TB2 overflow is selected :
] TA3TGH 10: TA2 overflow is selected 00
HE 11: TA4 overflow is selected
- : ; b7 b6 |
PoTTTTTTTTT T TA4TGL ;';,Zi: ﬁ: event/trigger 00 : Do not set 0:0
. 0 1:TB2 overflow is selected
] TA4TGH 10 : TA3 overflow is selected 00
11:TAQ overflow is selected
Figure 2.10.9 Trigger select register
Clock prescaler reset flag
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
oo Bit symbol Bit name Function RIW
Pov 4 1 1| Nothing is assigned. i
e In an attempt to write to these bits, write “0.” The value, if read, turns out to be indeterminate.| |
CPSR  |Clock prescaler reset flag 0: No effect |
] 1: Prescaler is reset 0.0
(When read, the value is “0”) |

Figure 2.10.10

Clock prescaler reset flag

Rev.1.40 Oct 06, 2004 page 84 of 269

Downloaded from Elcodis.com electronic components distributor

RENESAS



http://elcodis.com/parts/6249789/M306V2EEFP.html

M306V2ME-XXXFP, M306V2EEFP

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

Table 2.10.1 Specifications of timer mode

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

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

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

Interrupt request generation timing | When the timer underflows

TA20uT/TA3ouT pin function| Programmable I/O port or pulse output

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

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

Select function * Pulse output function

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

Timer Ai mode register

b7 b6 b5 b4 bS b2 bi_bO Symbol Address When reset
| | | 0 | 0 | 0 | | 0 | 0 | TAIMR(i=0to 4) 03961610 039A16 0016

coon o ] it symbol Bit name Function RIW
voror 0o+ o+ o+ %] TMODO |Operation mode 518’ Ti g 00
o E P ey TMOD1 | select bit - limermode 0.0
MRO Pulse output function 0 : Pulse is not output i
R select bit (TA20UT/TA30UT pin is a normal port pin) (OO
e Note 2 1: Pulse is output (Note 1) |
e (Note 2) (TA20uT/TA30uT pin is a pulse output pin) |
A S Reserved Must always be set to “0 00
H H H bits !
I SRRRELEEEL MR3 0 (Must always be set to “0" in timer mode) o0
o . b7 b6 T
L E EEEEREEEE TCKO Count source select bit 00:f Oio
' 01:fs ;
R R EEEEEEED TCK1 10:f32 00

1.1 .
T T€3

Notes 1 : The settings of the corresponding port register and port direction register
are invalid.
2+ Thic hit nf TAIMR (i =N 1 A\ miiet ahaave ha cat tn “N 7

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

Table 2.10.2 Timer specifications in event counter mode

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

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

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

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

Interrupt request generation timing| The timer overflows or underflows

TA20uUT/TA30UT 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.
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Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl bO

(o[ o[ To[ [o[:]

Symbol

Address

TAIMR(i=0to4) 039616 to 039A16

When reset
0016

Popoi bbbt Bitsymbol Bit name Function RW
b4 1 141 = _TMODO | Qperation mode select bit |™* 00
S R T S TMODL 0 1: Event counter mode (Note 1) 00
P MRO | Pulse output function 0 : Pulse is not output 3
A select bit (TA20UT/TA30UT pin is a normal port pin) |:q
Lo 1: Pulse is output (Note 2)
I (TA20UT/TA30UT pin is a pulse output pin)|
: e Reserved bit Must always be set to “0” fo}{e)
R MR2 Up/down switching 0 : Up/down flag’s content _ 00
o cause select bit 1: TA20uT/TA30uUT pin’s input signal !
. (Notes 3, 4) |
E SCRIER MR3 0 : (Must always be set to “0” in event counter mode) 00
v TTTTTTTTTmmm e TCKO Count operation type select| 0 : Reload type OiO
bit 1: Free-run type i
Reserved bit Must always be set to “0” oio

Notes 1:

select bit (addresses 038216 and 038316).
2: The settings of the corresponding port register and port direction register
are invalid.
3: This bit of TAIMR (i = 0, 1, 4) must always be set to “0.”

4: When an “L” signal is input to the input signal from TA20uT/TA30UT pin,

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

the downcount is activated. When “H,” the upcount is activated. Set the
corresponding port direction register to “0.”

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

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

Table 2.10.3 Timer specifications in one-shot timer mode

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 a trigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio 1/n n : Set value

Count start condition *» The timer overflows

* The one-shot start flag is set (= 1)

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

Interrupt request generation timing| The count reaches 000016

TA20uT/TA30uT 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

b7 b6 b5 b4 b3 b2 bl b Symbol Address  When reset
| | | 0 | |0 | | 1 | 0 | TAIMR(i=0to4) 039616t0 039A16 0016

i i1 ¢ i[ Bitsymbol Bit name Function RIW
i1 1 "1_TMODO |operation mode select bit|”* ) 0:0]
[ TMODL1 10 : One-shot timer mode 0.0

MRO Pulse output function 0: Pulse is not output
i select bit (TA20UT/TA30UT pin is a normal port pin) (!0

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

; : (TA20UT/TA30UT pinis a pulse output pin) |
s Reserved Must always be set to “0” 0.0
______________ MR Trigger select bit 0 : Count start flag is valid OEO

1 : Selected by event/trigger select register
""""""""" MR3 0 (Must always be “0” in one-shot timer mode) O}O
-------------------- TCKO Count source selectbit  |” ™ OEO

: 00:f1 '

H 01:fs '

. TCK1 ‘
10:f32 O:O

114 ‘

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

are invalid.
D - Thic hit af TAIMD /i — N 1 A\ miict ahamve ha oat A SN

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

an 8-bit pulse width modulator operates.

Table 2.10.4 Timer specifications in pulse width modulation mode

Item

Specification

Count source

f1, f8, fa2, fca2

Count operation

« The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator)
« The timer reloads a new count at a rising edge of PWM pulse and continues counting
« The timer is not affected by a trigger that occurs when counting

16-bit PWM e High level widthn/fi n: Setvalue
 Cycle time (216-1) / fi fixed
8-bit PWM « High level width n O (m+1) / fi n: values set to timer Ai register’s high-order address

¢ Cycle time (28-1) O (m+1) /fi  m: values set to timer Ai register's low-order address

Count start condition

* The timer overflows
* The count start flag is set (= 1)

Count stop condition

e The count start flag is reset (= 0)

Interrupt request generation timing

PWM pulse goes “L”

TA20uUT/TA30UT pin function

Pulse output

Read from timer

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

Write to timer

* When counting stopped

When a value is written to timer Ai register, it is written to both reload register and
counter

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

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | | |O |1 | 1 | 1| TAIMR(i=2 and 3) 039816 and 039916 0016

Bit symbol Bit name Function RIW
TMODO  [Operation mode bbo o0
TMOD1 select bit 11:PWM mode 00|
MRO 1 (Must always be “1” in PWM mode) 00
Reserved bits Must always be set to “0” 0.0

H : f 0: Count start flag is valid 3
E MR2 Trigger select bit 1: Selected by event/trigger select register OEO
| 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 (g o0
01:fs ——

10:f32
"""""""""""""" TCKL 11:fcs2 Oio

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

| 1/fiX(m+1) X@2°-1)

Count source (Notel)

Timer overflow

Underflow signal of

8-bit prescaler (Note2) ..

> -« ‘

PWM pulse output H

from TAiouT pin L e

Timer Ai interrupt ‘v

request bit o ______ —I_

fi: Frequency of count source

(f1, fs, fao, fcaz) Cleared to “0” when interrupt request is accepted, or cleared by software

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

Figure 2.10.15 Example of how an 8-bit pulse width modulator operates
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2.10.2 Timer B

Figure 2.10.17 shows the block diagram of timer B. Figures 2.10.17 and 2.10.20 show the timer B-related

registers.

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

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

pulse width.

Clock source selection

S Data bus high-order bits

HIZAY

( Data bus low-order bits (

[Low-order 8 bits U

High-order 8 bits

fi — o « Timer -
fs \o « Pulse period/pulse width measurement | Reload register (16) |
—0 o p
f3a2 —o [ J l [
fcez o « Event counter Counter (16) |
A
TBiN Polarity switching Count start flag
(i=0t02) O—and edge pulse (address 038016)
Counter reset circuit I_
Can be selected in only
event counter mode
TBI Address TBj
TBjoverflow ——O Timer BO 039116 039016 Timer B2
(=i-1. Timer B1 039316 039216 Timer BO
Note, however, Timer B2 039516 039416 Timer B1
j=2wheni=0)
Figure 2.10.16 Block diagram of timer B
Timer Bi mode register
w7 b6 b5 bd b3 b2 bi b Symbol Address When reset
| 7 06 b5 b4 b3 b2 b1 b0 TBIMR(i=0t02) 039B16to039D16  00?X00002
o+ ¢4+ | Bitsymbol Bit name Function R ' W
R A A TMODO Operation mode select bit ggj - Timer mode o o0
. 0 1: Event counter mode
oo TMOD1 10 : Pulse period/pulse width ;
L measurement mode o .0
| 11 : Inhibited !
R T S MRO Function varies with each operation mode o 0
ol e MR1 o : 0O
SRR MR2 ot ©
R (Noten) |
L XX
: : (Note 2) |
 ARERREELEELE MR3 o ! X
Pt TCKO Count source select bit o : 0
s TCK1 (Function varies with each operation mode) e

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

Figure 2.10.17 Timer Bi mode register (i = 0 to 2)
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1 * Timer mode
Counts the timer's period

000016 to FFFF16 00

Timer Bi register (Note) Symbol Address When reset
TBO 039116, 039016 Indeterminate
(b15) (b8) TB1 039316, 039216  Indeterminate
o7 b0 |b7 bo B2 039516, 039416  Indeterminate
Function Values that can be set |RIW

« 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 Ofx
Note: Read and write data in 16-bit units.
Figure 2.10.18 Timer Bi register (i = 0 to 2)
Count start flag
b7 b6 b5 ba b3 b2 bl bo Symbol Address When reset
| | | | | | TABSR 038016 0016
P bt | Bitsymbol Bit name Function RIW
o TAOS | Timer AO count start flag 0 : Stops counting 0.0
o TALS Timer Al count start flag 1: Starts counting 00
Pl TA2S  [Timer A2 count start flag 00
: : TA3S Timer A3 count start flag 0.0
o TA4S Timer A4 count start flag 00
' [T TBOS Timer BO count start flag Ofo
A TB1S Timer B1 count start flag OiO
S TB2S Timer B2 count start flag 0:0
Figure 2.10.19 Count start flag
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
P i 0 r 1| Bitsymbol Bit name Function RW
E ' ' ' ' ' ' ' Nothing is assigned. __
N In an attempt to write to these bits, write “0.” !
The value, if read, turns out to be indeterminate. ‘
CPSR Clock prescaler reset flag |0 : No effect
"""""""""""""" 1: Prescaler is reset 0.0
(When read, the value is “0")

Figure 2.10.20 Clock prescaler reset flag
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(1) Timer mode

In this mode, the timer counts an internally generated count source. (See Table 2.10.5) Figure 2.10.21
shows the timer Bi mode register in timer mode.

Table 2.10.5 Timer specifications in timer mode

Item

Specification

Count source

f1, fg, f32, fc32

Count operation

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

Divide ratio

1/(n+1) n : Set value

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing| The timer underflows

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 | TBIMR(i=0to 2) 039B16 to 039D16 00?X00002
i+ i o+ | Bitsymbol Bit name Function R | W
E E E E E E ‘] TMODO i . | bioo o) i o)
A Operation mode select bit 00 : Timer mode :
N s TMOD1 O 0
e MRO Invalid in timer mode O O
R MR1 Can be “0” or “1” o' 0
Pl T T CIEe)
A MR2 0 (Fixed to “0” in timer mode ; i = 0) (Note 1)
o T Nothing is assigned (i=1,2). | x DX
I In an attempt to write to this bit, write “0.” The value, if read, turns out to|(Note 2)3
: : be indeterminate. '
MR3 Invalid in timer mode. 1
[ In an attempt to write to this bit, write “0.” The value, if read in O X
timer mode, turns out to be indeterminate. i
; Count source select bit b7 06
----------------------- TCKO 00:f1 (@) ' (@)
01:fs .
___________________________ TCK1 10:f32
11:fcs32 o | o

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

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

Table 2.10.6 Timer specifications in event counter mode

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 b0 Symbol Address When reset
TBIMR(i=0to 2) 039B16to 039D16  00?X00002

Bit symbol Bit name Function R ' W
TMODO Operation mode select bit [*1»° oo
TMODL 01: Event counter mode o o
MRO Count polarity select S . :
. : | I's falll i
bit (Note 1) 00 Ceodunts external signal's falling o) : o)
ges |
0 1: Counts external signal's rising
MR1 edges |
1 0: Counts external signal's falling le) le)
and rising edges !
1 1: Inhibited
N “yr i iz o
MR2 0 (Fixed to “0” in event counter mode; i = 0) N 2)
Nothingis assigned (i=1,2). | Cor
In an attempt to write to this bit, write “0.” The value, if read, turns out to| X 1 X
be indeterminate. (Note 3)3
H MR3 Invalid in timer mode. 1
e 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. i
______________________ TCKO Invalid in event counter mode. o : o
Can be “0” or “1". :
H TCK1 Event clock select 0 : Input from TBIIN pin (Note 4) |
R e L L L P LT 1: TBj overflow o0
(j=i-1; however, j = 2 when i = 0) |

Notes 1: Valid only when input from the TBiIN pin is selected as the event clock.
If timer's overflow is selected, this bit can be “0” or “1”.
2: Timer BO.
3: Timer B1, timer B2.
4: Set the corresponding port direction register to “0”.

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

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

Item Specification
Count source f1, fs, f32, fc32
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

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

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
TBIMR(i=0 to 2) 039B16 to 039D16 00?X00002

Bit symbol Bit name Function R ' W
TMODO i b1t o' o
SOeq:(r;tll;i)tn mode 10 : Pulse period / pulse width :
TMOD1 measurement mode o O
MRO Measurement mode | % .
select bit 00 : Pulse period measurement (Interval between

measurement pulse’s falling edge to falling edge) o o
0 1: Pulse period measurement (Interval between :

measurement pulse’s rising edge to rising edge)
MR1 10 : Pulse width measurement (Interval between
measurement pulse’s falling edge to rising edge,

and between rising edge to falling edge)

11: Inhibited

MR2 0 (Fixed to “0” in pulse period/pulse width measurement mode; i = 0)
Nothing is assigned (i=1,2).
In an attempt to write to this bit, write “0.” The value, if read, turns out to be
indeterminate.

MR3 Timer Bi overflow 0 : Timer did not overflow o X
flag ( Note 1) 1: Timer has overflowed '
R TCKO Count source g Z; - o o0
: select bit 01:fs :
10:f32 '
""""""""""""" TeK1 11:fc32 o o

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

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

Measurement pulse

Transfer Transfer
(indeterminate value) (measured value)

transfer timing

Timing at which counter
reaches “000016”

I .. 1
Count start flag o

Timer Bi interrupt “1”
request bit “Qr .
Cleared to “0” when interrupt request is accepted, or cleared by software.

Timer Bi overflow flag E
“gr

Reload register «counter |_| |_|

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

Figure 2.10.24 Operation timing when measuring a pulse period

Count source -

- & s 1
Measurement pulse o M

Transfer Transfer ! Transfer | Transfer
1/\ value) value) |

Reload register «counter
transfer timing

1]

(Note 1) (Note 1) (Note l:) (Not:e-l)
% ! S
1 [ 1 .

A
I

I

I

I

I

I

I

I

!

" . ! !
! (mdetermmate/ (measured value)‘/(measured‘ (measured value) !
| i/ I

I

I

I

.

T

I

I

I

I

|

Timing at which counter
reaches “000016"

wpo | : :
Count start flag 1 i
o — | |
Timer Bi interrupt ‘1" ‘ ‘
request bit g | | | U—l_ - ,_,7

AN A !

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

Timer Bi overflow flag !

“Qr --

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

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

b7 b6 b5 b4 b3 b2 bl

b0
Symbol Address When reset
[ofofofofofofofo] “Xuco 034816 000000002
[ INVC1 034016 0007?72?72
R R INVC2 03A816 000000002
e INVC5 037616 000000002
Bit symbol Bit name Description R W
Reserved bits Must always be set to “0” ©c 10
Figure 2.10.26 Reserved registeri (i=0to 2, 5)
Reserved register i
b7 b6 b5 b4 b3 b2 bl bO s b | Add Wh t
ymbo ress en rese
|O|1|0|0|0|0|0|0| INVC3 036216 4016
e INVC4 036616 4016
o boi| it symbol Bit name Description R W
o Reserved bits Must always be set to “0” ©) o
________________________ Reserved bit Must always be set to “1” o010
R R RRERECEERERERELE Reserved bits 0.0

Must always be set to “0”

Note: Set data to this register after setting bit 2 of the protect register (address 000A 16) to “1.”

Figure 2.10.27 Reserved registeri (i = 3 and 4)
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(4) TBOIN noise filter

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

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

Peripheral mode register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
| XX | PM 027D16 0XX000002
oo Bit symbol Bit name Function R | W
- b1 b0 |
oo BSELO 12C-BUS interface port 00 : None 6 .0
Voo selection bits 01:SCL1, SDA1l |
oo 10:SCL2, SDA2 3
oo BSELL 11:SCL1 and SDAL, O !0
oo SCL2 and SDA2 |
oo WSELOD Clock selection bits of e o ' 0
HE I D 00:0.25 s '
oo TBOIN noise filter (removed bus width: max 0.75 ps)
oo (Note) 01:8ps |
N (removed bus width: max 24 us) :
R WSEL1 10:16 pus !
R (removed bus width: max 48 us) O ' O
oo 11:32ps :
A (removed bus width: max 96 ps)
R NFON | ON/OFF selection 0 : Noise filter OFF O 0
HEH bit of TBOIN pin noise filter | 1 : Noise filter ON
P Nothing is assigned.
In an attempt to write to this bit, write “0.” The value, if read, turns out to be —_
! indeterminate.
Main clock frequency 0 : f(XIN) = 10 MHz
""""""""""""""" SScK selection bit 1: f(XIN) = 16 MHz © } ©
Note: The operation of MCU is not guaranteed when f(XIN) = 16 MHz.

Figure 2.10.28 Peripheral mode register
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2.11 Serial I/0
Serial I/0 is configured as 4 unites: UARTO, UART2, multi-master 12C-BUS interface 0, and multi-master
I2C-BUS interface 1.

2.11.1 UARTO and UART2
UARTO and UART2 each have an exclusive timer to generate a transfer clock, so they operate indepen-
dently of each other.
Figure 2.11.1 shows the block diagram of UARTO and UART2. Figures 2.11.2 and 2.11.3 show the block
diagram of the transmit/receive unit.
UARTI (i = 0 and 2) has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous
serial I/O mode (UART mode). The contents of the serial I/O mode select bits (bits O to 2 at addresses 03A016
and 037816) determine whether UARTI is used as a clock synchronous serial /0 or as a UART. Although a
few functions are different, UARTO and UART2 have almost the same functions.
UARTO and UART?2 are almost equal in their functions with minor exceptions. UART2, in particular, is
compliant with the SIM interface. It also has the bus collision detection function that generates an interrupt
request if the TxD pin and the RxD pin are different in level.
Table 2.11.1 shows the comparison of functions of UARTO and UART2, and Figures 2.11.4t0 2.11.14
show the registers related to UARTI.

Table 2.11.1 Comparison of functions of UARTO and UART2

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

output

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

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

3: Only when UART mode.
4: Using for SIM interface.
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(UARTO)

RxDo O

Clock source selection UART 0 bit rate

UART reception

Reception
control circuit

Receive
clock

(UART2)

f— o nt | generator Clock synchronous type FO 3
nternal i
—o "\ address 03A116)
fe UART transmission ' Transmit
fe2 o U Transmission clock
External Clock synchronous type control circuit |
Clock synchronous type
(when internal clock is slected)
Clock synchronous type Clock synchronous type
CiK (when internal clock is selected) (when éxternal clock is
> selected)
( ) polarity )/I
CLKD reversing N
circuit
CTSl;iITS disabled
CTS/RTS selected BTSN
el RTSO0
cTs0/RTs0 O o <]
? Vee
& CTSIRTS disabled
CTSo

Transmit/
receive
unit

——O TxDo

RxD polarity
RxD2 O_M

Clock source selection  UART2 bit rate

UART reception

Reception
control circuit

Receive
clock

f1 o generator Clock synchronous type
; Internal  “(address 037916)
8 UART transmission Transmit
fa2 5 1/(n2+1) Transmission clock

External Clock synchronous type control circuit

Clock synchronous type
(when internal clock is selected)
)
0
Clock synchronous type Clock synchronous type
(when internal clock is selected)  (when external clock is
CILKI )/I selected)
polarity
CLKZO reversing — |
circuit CTIS/tRLS CTSIRTS disabled

selecte e

O RTS2
CTS2/RTS2 <
Vee
O{O CTSRTS disabled <1,

Transmit/
receive
unit

XD
polarity
reversing
circuit

HO TxD2

nO : Values set to UARTO bit rate generator (BRGO)
n2 : Values set to UART2 bit rate generator (BRG2)

Figure 2.11.1 Block diagram of UARTi (i = 0 and 2)
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PAR
disabled

o]
UART

PAR
enabled

Clock
synchronous type

UART (7 bits)
UART (8 bits)

UART (7 bits) UARTi receive register

UART (9 bits)

Clock
synchronous type

UART (8 bits)
UART (9 bits)

UARTO receive
buffer register

0§0§Ds| |D7§D6§D5§D4§D3§D2§D1§Do|

Address 03A616 )

| MSBJ/LSB conversion circuit | Address 03A716

Data bus high-order bits

Data bus low-order bits

PAR
enabled  UART
9 Q )
o] Sorpre] oo
PAR Clock
disabled

synchronous

type

¢ B

| MSBJ/LSB conversion circuit |

@

UARTO transmit
buffer register

|D7§D6§D5§D4§D3§D2§D1§D0|

Address 03A216
Address 03A316

UART (8 bits)
UART (9 bits)

Clock synchronous
type

UART (9 bits)

{

TxDo

UART (7 bits) UARTO transmit register
UART (7 bits)
UART (8 bits) .
SP: Stop bit

PAR: Parity bit

Clock synchronous
type

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

RxD data
Ri02

0
Reverse

Clock

synchronous type

UART

(7 bits)

(%A;;) UART(7 bits) UART?2 receive register

o

Clock
synchronous
)

PAR
disabled

Clock
synchronous type

PAR UART

enabled
0.0 00 0{0:0 Ds| [DriDsiDsiDsiDsiDziDs Do Uarrareceie
Address 037E16
| Logic reverse circuit + MSB/LSB conversion circuit | Address 037F16
Data bus high-order bits
Data bus low-order bits
[ Logic reverse circuit + MSB/LSB conversion circuiit |
m | D7 DsiDsiDaiDsiDz2iDi;Do | UART2 transmit
- - - - - - - buffer register
Address 037A16
Address 037B16
UART
(8 bits)
UART
(9 bits)
UART Clock
PAR (9 bits) synchronous type

enabled  JART
Q 0
o

PAR
disabled

“Q

Clock
synchronous
type

UART(7 bits)

UART2 transmit register

(8 bits)

Clock
synchronous type

Error signal output
dlsableg i No reverse

Error signal TxD data TxD2
output circuit reverse circuit
Error signal output Reverse
enable
SP: Stop bit
PAR: Parity bit

)

)

Figure 2.11.3 Block diagram of UART2 transmit/receive unit
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UARTI transmit buffer register
(b15) (b8) Symbol Address When reset
b7 b0 b7 b0 uoTB 03A316, 03A216 Indeterminate

|><|><|><|><|><|><|><| | u2TB 037B16, 037A16 Indeterminate

Function R|W

...................... Transmit data (Note) X0

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

Figure 2.11.4 UARTI transmit buffer register (i = 0 and 2)

UARTI receive buffer register

(b15) (b8) Symbol Address When reset
b7 bo b7 b0 UORB  03A715,03A61s  Indeterminate

| | | | | 0 |><|><| | U2RB 037F16, 037E16 Indeterminate
H H . Function i :
! : Bit . ) Function :
H symbol Bit name (Durlr;%ﬁgclyosmgg:))nous (During UART mode) R JW
- - Receive data Receive data o§><
Nothing is assigned. _3_
H In an attempt to write to these bits, write “0.” The value, if read, turns out to be “0.”
: ] Reserved bit Must always be set to “0” Must always be set to “0” OE o
e OER |Overrun error flag (Note 1) |0 : No overrun error 0 : No overrun error O x
I 1: Overrun error found 1: Overrun error found
H FER | Framing error flag (Note 1) | Invalid 0 : No framing error Oi %
. 1: Framing error found :
S PER | Parity error flag (Note 1) [ Invalid 0 : No parity error o'%
1: Parity error found H
R SUM | Error sum flag (Note 1) Invalid 0 : No error O X

1: Error found

Notes 1: Bits 15 through 12 are set to “0” when the serial I/O mode select bit (bits 2 to 0 at addresses
03A016 and 037816) are set to “0002" or the receive enable bit is set to “0".
(Bit 15 is set to “0” when bits 14 to 12 all are set to “0.”) Bits 14 and 13 are also set to “0” when
the lower byte of the UARTI receive buffer register (addresses 03A6 1sand 037Eus) is read out.

2: The arbtration lost detecting flag is assigned to U2RB and is written only “0.” Nothing is
assinged to bit 11 of UORB. This bit can neither be set nor reset, when read, he the value is “0.”

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

UARTI bit rate generator

b7 b0 Symbol Address When reset
| UOBRG 03Al1e Indeterminate
U2BRG 037916 Indeterminate
Function Values that can be set R W
H T
i Assuming that set value = n, BRGi divides the count source by 0016 to FF16 X O
""""""""""""""""""" n+1 '

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

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | UOMR 03A016 0016
. Function ) i
N Bit . . Function '
¢or [ symbol Bit name (Durlr;%ﬁzﬁrgﬁgggnous (During UART mode) R W
Porob L] swmpo . " Must be fixed to 001 b2 b1 60 :
o Serial /O mode select bit [ """ 100 : Transfer data 7 bits long |O:O
000 : Serial /O invalid 77| 10 1: Transfer data 8 bits long i
Vo SMD1 010 : Inhibited 11 0: Transfer data 9 bits long '
Vo 011: Inhibited 000 : Serial I/0 invalid 00
I 111 : Inhibited _1 1/ 010: Inhibited .
FR S SMD2 011 : Inhibited :
: 111 : Inhibited 0:0
: CKDIR [Internal/external clock 0 : Internal clock 0 : Internal clock OEO
select bit 1 : External clock 1 : External clock !
---------------- STPS | stop bit length select bit | Invalid 0 One stop bit |
P 9 1: Two stop bits O}O
___________________ PRY |Odd/even parity select bit | Invalid Valid when bit 6 = 1"
0 : Odd parity o0
1: Even parity
----------------------- PRYE |Parity enable bit Invalid 0 : Parity disabled o0
1 : Parity enabled '
-------------------------- SLEP |Sleep select bit Must always be setto “0” | 0 Sleep mode deselected 1) 1)
1: Sleep mode selected
Figure 2.11.7 UARTO transmit/receive mode register
UART?2 transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| U2MR 037816 0016
Bit Function Function
oo Bit name (During clock synchronous : RIW
oo symbol serial /O mode) (During UART mode)
N b2 b1 b0 1
I SMDBO | serial 110 mode select bit | Must be fixed to 001 100 : Transfer data 7 bits long [O}O
o bzoLbo ) . 101 : Transfer data 8 bits long |__
R SMD1 8(1)8 . Isir'lg'lt”do invalid 11 0: Transfer data 9 bits long
- s one 000 : Serial /O invalid 00
HE 01 1:Inhibited e |
. 111 Inhibited 01 0: Inhibited -
. SMD2 - Inhibite 01 1: Inhibited 3
: 111: Inhibited oo
[ CKDIR |[Internal/external clock 0 : Internal clock 0 : Internal clock O§O
select bit 1: External clock 1 : External clock :
---------------- STPS |stop bit length select bit | Invalid 0: One stop bit 3
P 9 1 : Two stop bits O}O
.................. PRY  |Odd/even parity select bit | Invalid Valid when bit 6 = “1”
0 : Odd parity 0.0
1: Even parity
----------------------- PRYE |Parity enable bit Invalid 0: Parity disabled ol0
1: Parity enabled '
.......................... j1oPOL |TxD, RxD I/O polarity 0: No reverse 0 : No reverse
reverse bit 1: Reverse 1: Reverse 0.0
Usually set to “0” Usually set to “0” '

Figure 2.11.8 UART2 transmit/receive mode register
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UARTO transmit/receive control register 0
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address When reset
| | | | | | | | | uoco 03A416 0816

A A Function Function |
e Bit name (During clock synchronous ) RiW
symbol serial /0 mode) (During UART mode)
S S T b1 b0 b1 b0 ]
¢t ottt b+ CLKO | BRG count source 00:f1is selected 00:f1is selected o0
N select bit 01:fsis selected 01:fsis selected ‘
oo v v v CLKL 10:f32is selected 10:f32is selected oo
. 11: Inhibited 11 : Inhibited
I A =a5Ta ' Valid when bit 4 = “0” Valid when bit 4 = “0” :
[ CRS C-ES/R;.S function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) [O1O
R select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) w
Pl it reqi 0 : Data present in transmit 0 : Data present in transmit register |
R TXEPT ;I;;ansm't register empty register (during tr_ansmissi_on) (durin% transmission) 9 ‘
oo 9 1:No data present in transmit | 1 . N data present in transmit O:X
Vo register (transmission register (transmission completed) |
oo completed) |
Pl ETS/RTE di f 0 : CTS/RTS function enabled | 0 : CTS/RTS function enabled |
A CRD | CTS/RTS disable bit 1: CTS/RTS function disabled | 1 : CTS/RTS function disabled !
T (P60 functions as (P6o functions as ®) i O
E : : programmable 1/O port) programmable 1/0 port) :
o f 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output :
[ e NCH Data output select bit 1: TXDi pin is N-channel 1: TXDi pin is N-channel 0.0
- open-drain output open-drain output 1
. CKPOL | CLK polarity select bit |0 Transmitdatais outputat | myst always be set to “0" 3
o falling edge of transfer clock '
[ and receive data is input at !
H rising edge !
H 1 : Transmit data is output at o 1 ©
E rising edge of transfer clock :
! and receive data is input at !
H falling edge i
e mmemcmemanas UFORM |Transfer format select bit |0 : LSB first Must always be set to “0” oo

1: MSB first |

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

Figure 2.11.9 UARTO transmit/receive control register 0
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UART2 transmit/receive control register 0
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
| | |><| | | | | | u2co 037C16 0816
E E E E E E E E . Function . i
e Bit Bit name (During clock synchronous . Function R'W
Voo b b 1| symbol serial 1/0 mode) (During UART mode) ;
E E E E E E E E b1 b0 b1 b0 ]
P41t +{ CLKO | BRG count source 00:f1is selected 00:f1is selected 0.0
oo select bit 01:fsis selected 01:fsis selected ‘
[ CLK1 10:f32is selected 10:f32is selected OEO
. 1 1: Inhibited 11 : Inhibited |
A R — ' Valid when bit 4 = *0” Valid when bit 4 = “0” 3
[ I CRS | CTS/RTS function 0: CTS function is selected (Note 1) [ 0 : CTS function is selected (Note 1) (OO
A select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) |
Voo . R :D i i . ; i i !
P TXEPT | Transmit register empty 0 reztiztgll”eétzr:itnlg ttrr:::rr:il;sion) 0: Data present in transmit register i
R flag 1 : No data present in transmit (during transmission) . !
- : . P! o 1: No data present in transmit O;X
[ register (transmission register (transmission completed) | |
Lo completed) !
oo ETS/RTE di i 0 : CTS/RTS function enabled | 0: CTS/RTS function enabled |
A CRD TSIRTS disable bit 1: CTS/RTS function disabled | 1 : CTS/RTS function disabled
oo (P73 functions (P73 functions programmable @) ! (0]
T programmable 1/O port) 1/0 port) :
R Nothing is assigned.
v In an attempt to write to this bit, write “0.” The value, if read, turns out to be “0.” -
I CKPOL | CLK polarity select it |° I’a.”sm” datais outputat | Myst always be set to “0” |
. alling edge of transfer clock !
I and receive data is input at !
[ rising edge i
1: Transmit data is output at 0:0
! rising edge of transfer clock !
H and receive data is input at !
: falling edge ‘
: UFORM |Transfer format select bit [0 : LSB first 0 : LSB first 3
"""""""""""""" (Note 3) 1: MSB first 1: MSB first SHS)
Notes 1: Set the corresponding port direction register to “0”.
2: The settings of the corresponding port register and port direction register are invalid.
3: Only clock synchronous serial I/O mode and 8-bit UART mode are valid.

Figure 2.11.10 UART?2 transmit/receive control register 0
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UARTO transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bl k0 Symbol Address When reset
uoC1 03A516 0216
Function T
Bit - . Function !
Bit name (During clock synchronous : RiW
symbol serial /O mode) (During UART mode)
TE Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled OEO
1: Transmission enabled [ 1 : Transmission enabled }
TI Transmit buffer 0 : Data present in 0 : Data present in
empty flag transmit buffer register transmit buffer register Oix
1: No data present in 1: No data present in .
transmit buffer register transmit buffer register
RE Receive enable bit 0 : Reception disabled 0 : Reception disabled OEO
1 : Reception enabled 1 : Reception enabled i
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.
In an attempt to write to these bits, write “0.” The value, if read, turns out to be “0.” i
Figure 2.11.11 UARTO transmit/receive control register 1
UART?2 transmit/receive control register 1
b7 b6 bS5 b4 b3 b2 bl b Symbol Address When reset
u2C1 037D16 0216
) Function . :
o Bit . ) Function .
HE Bit name (During clock synchronous . R'W
symbol serial /O mode) (During UART mode) |
i i) TE |Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled OiO
1: Transmission enabled | 1: Transmission enabled !
T Transmit buffer 0 : Data present in 0 : Data present in
teo-- empty flag transmit buffer register transmit buffer register OEX
1: No data present in 1: No data present in i
transmit buffer register transmit buffer register
_________ RE Receive enable bit 0 : Reception disabled 0 : Reception disabled OEO
1 : Reception enabled 1 : Reception enabled
RI Receive complete flag 0 : No data present in 0 : No data present in
............ receive buffer register receive buffer register O'X
1: Data present in 1: Data present in
receive buffer register receive buffer register !
U2IRS | UART2 transmit interrupt | O : Transmit buffer empty 0 : Transmit buffer empty
_________________ cause select bit (TI=1) (TI=1) OEO
1: Transmit is completed 1: Transmit is completed i
(TXEPT = 1) (TXEPT = 1) |
U2RRM | UART2 continuous 0 : Continuous receive Invalid
___________________ receive mode enable bit mode disabled foXe)
1 : Continuous receive
mode enabled !
_______________________ U2LCH [ Data logic select bit 0: No reverse 0 : No reverse OiO
1: Reverse 1: Reverse !
__________________________ U2ERE | Error signal output Must always be set to “0” 0 : Output disabled OiO
enable bit 1 : Output enabled !

Figure 2.11.12 UART?2 transmit/receive control register 1
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UART transmit/receive control register 2
DT Do bS b4 b9 b2 OL RO Symbol Address When reset
|><| 0| 0| 0| 0| |0 | | UCON 03B016 X00000002
H H . Function . ]
R S A s Ewnbol Bit name (During clock synchronous (DurinFllfJnXIggrnmode) R W
oo Y serial 1/0 mode) 9 3
H . . . . . | UOIRS |[UARTO transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (TI = 1) :
R B voo- interrupt cause select bit | 1 : Transmission completed 1 : Transmission completed O;O
oo ! (TXEPT =1) (TXEPT =1) !
' Reserved bit Must always be set to “0” | Must always be set to “0” OEO
UORRM| UARTO continuous 0 : Continuous receive mode Invalid
e receive mode select bit disabled ! 0.0
H ' ' 0 : Continuous receive mode '
oo enable 3
: LR R S Reserved bits Must always be set to “0” | Must always be set to “0” O%O
e Nothing is assigned.
In an attempt to write to this bit, write “0.” The value, if read, turns out to be “0.”
Figure 2.11.13 UART transmit/receive control register 2
UART?2 special mode register
br DO bS b4 b3 b2 b1 MO Symbol Address When reset
|0| | |0|0|0|0|0| U2SMR 037716 0016
R . Function . |
T R S R B Bit . . Function !
[ Bit name (During clock synchronous : R'W
R A R A R symbol serial /O mode) (During UART mode)
_ Reserved bits Must always be setto “0” [ Must always be set to “0” -0
o ACSE | Auto clear function Must always be set to “0” [ 0 : No auto clear function :
Vo T select bit of transmit 1: Auto clear at occurrence of | OO
[ enable bit bus collision |
R SSS | Transmit start condition | Must always be setto “0* | O : Ordinary 1
: select bit Y 1: Falling edge of RxD2 o0
L Reserved bit Must always be set to “0” | Must always be set to “0” _ o

Figure 2.11.14 UART2 special mode register
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2.11.2 Clock Synchronous Serial I/0O Mode

The clock synchronous serial /0O 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. Figures 2.11.15 and 2.11.16
show the UARTI transmit/receive mode register in clock synchronous serial /0O mode.

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

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock » When internal clock is selected (bit 3 at addresses 03A016, 037816 = “0”) :

fif 2(n+1) (Note 1) fi=f1, fs, f32

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

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

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

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

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

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

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

- CLKi polarity select bit (bit 6 at addresses 03A416, 037Cz16) = “0”:
CLKi input level = “H”

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

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

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

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

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

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

Interrupt request CLKi input level = "L

generation timing * When transmitting

- Transmit interrupt cause select bit (bit O at address 03B0z1s, 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 (bit O 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
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Table 2.11.3 Specifications of clock synchronous serial I/O mode (2)

Iltem

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
* 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 1/O polarity reverse (UART2)
This function is reversing TxD port output and RxD port input. All I/O data
level is reversed.

Notes 1: “n” denotes the value 0016 to FF16 that is set to the UART bit rate generator.
2: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also
that the UARTI receive interrupt request bit is not set to “1”.
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UARTO transmit/receive mode register
b7 D6 b5 b4 b3 b2 DL b Symbol Address When reset
0 | 1 | UOMR 03A016 0016
i 1| Bitsymbol Bit name Function RW
Pt SMDO Serial /0 mode select bit | =™ i O}O
HO— SMD1 00 1: Clock synchronous serial  [0'Q
1/0 mode :
""""" SMD2 00
____________ CKDIR Internal/external clock 0 : Internal clock OEO
select bit 1 : External clock !
---------------- STPS 00
-------------------- PRY Invalid in clock synchronous serial /0 mode 00
----------------------- PRYE 00
__________________________ SLEP 0 (Must always be set to “0” in clock synchronous serial I/O mode) 00
Figure 2.11.15 UARTO transmit/receive mode registers in clock synchronous serial /O mode
UART2 transmit/receive mode register
Of bP DS bl 0% D2 bl BO Symbol Address When reset
| 0 | | | | | 0 | 0 | 1 | U2MR 037816 0016
P+ 4+ ¢ 1| Bitsymbol Bit name Function R W
oo SMDO Serial I/O mode select bit | 2™ . 0.0
e SMD1 00 1: Clock synchronous serial  [0:0
A 1/0 mode 1
Db ey SWD2 00
[ S CKDIR Internal/external clock 0 : Internal clock OEO
select bit 1: External clock |
Dol e STPS 00
I SRRERRLEEEEEEEED PRY Invalid in clock synchronous serial /0 mode 00
T T PP PRYE 00
e IOPOL | TxD, RxD I/O polarity 0: No reverse oo
reverse bit (Note) 1: Reverse |
Note: Usually set to “0”.

Figure 2.11.16 UART?2 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 /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 only)
(P63, P70)
RxDi Serial data input Port P62 and P71 direction register (bits 2 at address 03EE 16,
(P62, P71) bit 1 at address 03EF 16)= “0”

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

CLKi Transfer clock output Internal/external clock select bit (bit 3 at address 03A0 16, 037816) = “0”
(P61, P72) [ 77 77Tl oo oo oo oo ooooooooooooooooooooo

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

Transfer clock input

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

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

bit 3 at address 03EF 16) = “0”

RTS output CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) = “0”
CTSI/RTS function select bit (bit 2 at address 03A4 16, 037C16) = “1”

Programmable 1/O port CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) = “1”
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« Example of transmit timing (when internal clock is selected)
Tc

Transfer clock | | |

Transmit enable
bit (TE)

—I ‘Data is set in UARTI transmit buffer register

Transmit buffer
empty flag (TI)

T 3 4 g H

Transferred from UARTI transmit buffer register to UARTI transmit register

CTSi w —l__| TcLk \l_] |_

Stopped pulsing because CTS = “H" Stopped pulsing because transfer enable bit = “0"

CLKi

o @@@@@@@@@@@@@@@@@@@@@ or

Transmit g :
e v —I |—‘ lﬁ -
s -

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

Shown in () are bit symbols.

The above timing applies to the following settings: Tc=TCLK=2(n+1)/fi
« Internal clock is selected. fi: frequency of BRGi count source (f1, f8, 32)
« 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)

agn
Receive enable .
bit (RE) 0 !

ugn
Transmit enable . . . . .
bit (TE) ‘0" . Dummy data is set in UARTI transmit buffer register
i
. “1r i
Transmit buffer _] ! (1>\
empty flag (TI) “0" :
o ' | Transferred from UARTI transmit buffer register to UARTI transmit register
RTSi
L
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
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: Meet the following conditions are met when the CLK
« External clock is selected. input before data reception = “H”
« RTS function is selected « Transmit enable bit —“1”
« CLK polarity select bit = “0”. « Receive enable bit —»*“1”
« Dummy data write to UARTI transmit buffer register

fEXT: frequency of external clock

Figure 2.11.17 Typical transmit/receive timings in clock synchronous serial /O mode
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(1) Polarity select function
As shown in Figure 2.11.18, the CLK polarity select bit (bit 6 at addresses 03A416, 037C16) allows
selection of the polarity of the transfer clock.

* When CLK polarity select bit = “0”

e LT L)L L
| |
TXDi >< DO >< D1 X D2 )>< D3 X D4 >< D5 >< D6 X D7 Note 1: The CLK pin level when not
X_po X b1 X

/ transferring data is “H”.

p2 X D3 X Da X D5 X D6 X D7

RXDi Do D1

*« When CLK polarity select bit = “1”

CLKi l
Note 2: The CLK pin level when not

TXDi >< Do X D1 X D2 )>< D3 X D4 >< D5 >< D6 X D7 transferring data is “L".

Figure 2.11.18 Polarity of transfer clock

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

* When transfer format select bit = “0”

cwi L] L LT L L L L
TXDi ><D0><D1><D2><D3><D4><D5><D6><D7

=P | SB first
RXDi X po X p1 X p2 X D3 X pa X Ds X ps X D7
* When transfer format select bit = “1”
e L LT LI LT L L
TXDi ><D7><D6><D5><D4><D3><D2><D1><Do
=P \SB first

RXDi X b7 X D6 X D5 X Da X D3 X b2 X b1 X Do

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

Figure 2.11.19 Transfer format
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(3) Continuous receive mode
If the continuous receive mode enable bit (bits 2 at address 03B016, bit 5 at address 037D16) is set to
“1”, the unit is placed in continuous receive mode. In this mode, when the receive buffer register is
read out, the unit simultaneously goes to a receive enable state without having to set dummy data to
the transmit buffer register back again.

(4) Serial data logic switch function (UART?2)
When the data logic select bit (bit6 at address 037D16) = “1”, and writing to transmit buffer register or
reading from receive buffer register, data is reversed. Figure 2.11.20 shows the example of serial data
logic switch timing.

*When LSB first

Transfer clock " | | | | | |
o

TxD2 “H”
(no reve)r(sei ': \ Do Y D1 Y D2 X D3 ) D4 Y D5 X D6 X D7

eSS 7 8 (7 i 67 6 6

(reverse)

Figure 2.11.20 Serial data logic switch timing

Rev.1.40 Oct 06, 2004 page 115 of 269 RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6249789/M306V2EEFP.html

M306V2ME-XXXFP, M306V2EEFP

2.11.3 Clock Asynchronous Serial /0 (UART) Mode
The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables 2.11.5 and 2.11.6 list the specifications of the UART mode. Figure 2.11.21 and
2.11.22 show the UARTI transmit/receive mode register in UART mode.

Table 2.11.5 Specifications of UART Mode (1)

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, 037816 = “0") :
fi/16(n+1) (Note 1) fi = f1, fs, f32

» When external clock is selected (bit 3 at addresses 03A016, 037816 =1") :
feExT/16(n+1)(Note 1) (Note 2)

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

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

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

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

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

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

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

- Start bit detection

Interrupt request * When transmitting

generation timing - Transmit interrupt cause select bits (bits 0 at address 03BO01s, bit4 at
address 037D16) = “0”: Interrupts requested when data transfer from UARTI
transfer buffer register to UARTI transmit register is completed

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

- When receiving

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

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

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

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

« Error sum flag
This flag is set (= 1) when any of the overrun, framing, and parity errors is
encountered
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Table 2.11.6 Specifications of UART Mode (2)

Item

Specification

Select function

« Sleep mode selection (UARTO)
This mode is used to transfer data to and from one of multiple slave micro-
computers

« Serial data logic switch (UART2)
This function is reversing logic value of transferring data. Start bit, parity bit
and stop bit are not reversed.

* TxD, RxD 1/O polarity switch
This function is reversing TxD port output and RxD port input. All I/O data
level is reversed.

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

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| UOMR 03A016 0016
P : | Bit symbol Bit name Function RiW
“{__SMDO | serial 10 mode select bit | " o)fe)
e ena mode select bi 100 : Transfer data 7 bits long T
SMD1 10 1: Transfer data 8 bits long oo
Sttt SMD2 11 0: Transfer data 9 bits long o0
R S CKDIR Internal / external clock 0 : Internal clock OEO
oo select bit 1: External clock |
STPS Stop bit length select bit | 0 : One stop bit
I A 1: Two stop bits O;O
PRY Odd / even parity Valid when bit 6 = “1”
R GUALEELERLEREEE select bit 0 : Odd parity 0.0
N 1: Even parity
PRYE Parity enable bit 0 : Parity disabled OEO
b 1 : Parity enabled
o SLEP Sleep select bit 0 : Sleep mode deselected OEO
1: Sleep mode selected !
Figure 2.11.21 UARTO transmit/receive mode register in UART mode
UART?2 transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
U2MR 037816 0016
Bit symbol Bit name Function RW
SMDO . . b2 bl b0 Oio
Serial I/O mode select bit 100 : Transfer data 7 bits long 7
SMD1 101 : Transfer data 8 bits long 0.0
SMD2 11 0: Transfer data 9 bits long O 0
CKDIR Internal / external clock 0 : Internal clock OEO
select bit 1: External clock !
STPS Stop bit length select bit 0 : One stop bit
1: Two stop bits O:O
PRY Odd / even parity Valid when bit 6 = “1”
select bit 0 : Odd parity 0.0
1 : Even parity
PRYE Parity enable bit 0 : Parity disabled OEO
1 : Parity enabled
10POL TxD, RxD /0 polarity 0 : No reverse OEO
reverse bit (Note) 1: Reverse !
Note: Usually set to “0”.

Figure 2.11.22 UART?2 transmit/receive mode register in UART mode
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Table 2.11.7 lists the functions of the input/output pins during UART mode. Note that for a period from
when the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-
channel open-drain is selected, this pin is in floating state.)

Table 2.11.7 Input/output pin functions in UART mode

Pin name Function Method of selection
TxDi Serial data output
(P63, P70)
RxDi Serial data input Port P62 and P71 direction register (bit 2 at address 03EE 16,
(P62, P71) bit 1 at address 03EF 16)= “0"

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

CLKi Programmable 1/0 port | Internal/external clock select bit (bit 3 at address 03A0 16, 037816) = “0”
(P61, P72) Transfer clock input Internal/external clock select bit (bit 3 at address 03A0 16, 037816) = “1”

Port P61 and P72 direction register (bit 1 at address 03EE 16,
bit 2 at address 03EF 16) = “0”

CTSI/RTSI CTS input CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) =“0"
(P60, P73) CTS/RTS function select bit (bit 2 at address 03A4 16, 037C16) = “0”
Port P60 and P73 direction register (bit O at address 03EE 16,
bit 3 at address 03EF 16) = “0”

RTS output CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) = “0”
CTS/RTS function select bit (bit 2 at address 03A4 16, 037C16) = “1”

Programmable I/O port | CTS/RTS disable bit (bit 4 at address 03A4 16, 037C16) = “1”
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<UARTO>
« Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTS is “H” when the stop bit is checked.

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

Transfer clock | | | | | | | |
Transmit enable v | Ii
bit(TE) “Q J

Data is set in UARTI transmit buffer register.

Transmit buffer B _| j/ ] X Ii
empty flag(Tl) .

o
[
Transferred from UARTI transmit buffer register to UARTI transmit register
o
CTSi |
o |
Start Parity ~ Stop Stopped pulsing because transmit enable bit = “0”
bit bit  bit y
o vooee080008Veae0e0008
Transmit register 1 —
empty flag (TXEPT) g
Transmit interrupt K
request bit (IR) gy | |

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 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”".
<UARTO>

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

Tc

Transfer clock | | |

Transmit enable ) J | |'
bit(TE) “Qr Data is set in UARTI transmit buffer register

Transmit buffer v | EF’ |
empty flag(Tl) wy \

0
Transferred from UARTI transmit buffer register to UARTI transmit register

L OEERREEEE T\ B EEEEEERRF \/EE)

Transmit register e |
empty flag (TXEPT) -

et —
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)/fior16 (n+1)/fexr
« Parity is disabled. fi : frequency of BRGi count source (f1, f8, f32)
» Two stop bits. fEXT : frequency of BRGi count source (external clock)
 CTS function is disabled. n : value set to BRGi

« Transmit interrupt cause select bit = “0”".

Figure 2.11.23 Typical transmit/receive timings in UART mode
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<UART2>

« Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)
Tc

»}—‘47

Transfer clock
Transmit enable “
bit(TE) g J Data is set in UART2 transmit buffer register
Note
Transmit buffer "1 ~ 4
empty flag(Tl) . \
Transfefred from UART2 transmit buffer register to UARTI transmit register

Start Parity  Stop
TxD2 bit bit bit

vOee0000008 vO.80000008:
Transmit register 1"
empty flag (TXEPT) «g»
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.

<UART2, UARTO>
« Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

Source (mmmmmmumUmnmm. - T
source - .

wqn

Receive enable bit g _I
| Stop bit

. XDz . D7f -

Start bit { Do

Sampled “L”

RxDi

Receive data taken in

Transfer clock

Reception triggered when transfer clock Transfered from UARTI receive register :to

Receive v +is generated by falling edge of start bit UARTiI receive buffer register T
complete flag 0 T |

RTSi N L
Receive interrupt  «1» :

request bit ugr

A

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

The above timing applies to the following settings :
«Parity is disabled.

Figure 2.11.23 Typical transmit/receive timings in UART mode
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(1) Sleep mode (UARTO)
This mode is used to transfer data between specific microcomputers among multiple microcomputers
connected using UARTO. The sleep mode is selected when the sleep select bit (bit 7 at address
03A016) is set to “1” during reception. In this mode, the unit performs receive operation when the MSB
of the received data = “1” and does not perform receive operation when the MSB = “0".

(2) Function for switching serial data logic (UART2)
When the data logic select bit (bit 6 of address 037D16) is assigned 1, data is inverted in writing to the
transmission buffer register or reading the reception buffer register. Figure 2.11.24 shows the ex-
ample of timing for switching serial data logic.

* When LSB first, parity enabled, one stop bit

Transfer clock | | | | | | | | | | |
W

TxD2
(no reverse)

\sT{Do)D1)D2fD3)D4)D5) D6 ) D7) P JSP

(everen \ s7 (Do D1 D2 D3 024 \ D5 \ D6 \ D7 |\ P | sP
ST : Start bit
P : Even parity
SP : Stop bit

Figure 2.11.24 Timing for switching serial data logic

(3) TxD, RxD /O polarity reverse function (UART2)
This function is to reverse TxD pin output and RxD pin input. The level of any data to be input or output
(including the start bit, stop bit(s), and parity bit) is reversed. Set this function to “0” (not to reverse) for
usual use.
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(4) Bus collision detection function and other functions (UART2)
This function is to sample the output level of the TxD pin and the input level of the RxD pin at the rising
edge of the transfer clock; if their values are different, then an interrupt request occurs. Figure 2.11.26
shows the example of detection timing of a buss collision (in UART mode).
And also, bit 5 of the special UART2 mode register is used as the selection bit for auto clear function
select bit of enable bit. Setting this bit to “1” automatically resets the transmit enable bit to “0” when “1”
is set in the bus collision detection interrupt request bit (nonconformity) (refer to Figure 2.11.25).
Bit 6 of the special UART2 mode register is used as the transmit start condition select bit. Setting this
bit to “1” starts the TxD transmission in synchronization with the falling edge of the RxD terminal (refer
to Figure 2.11.26).

Transferdlock B A TATATA A TA A LA TA LA

TxD2 ™ ST Sp
\ sT/ \ [\ J
RxD2 ST SP
Bus collision detection  «1»
interrupt request signal . L‘
Bus collision detection 1
interrupt request bit w0 |
ST : Start bit
SP : Stop bit

Figure 2.11.25 Detection timing of a bus collision (in UART mode)

Transmit start condition select bit (Bit 6 of the UART2 special mode register)

0: In normal state

e P L fLf L > > >f [f °f°f
™ T I I

Enabling transmission

With "1: falling edge of RxD2" selected

w L L7 L L1 L L L1 LTt

Figure 2.11.26 Some other functions
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2.11.4 Clock-asynchronous Serial I/O Mode (Compliant with the SIM Interface)
The SIM interface is used for connecting the microcomputer with a memory card I/C or the like; adding
some extra settings in UART2 clock-asynchronous serial I/O mode allows the user to effect this function.
Tables 2.11.8 and 2.11.9 show the specifications of clock-asynchronous serial /O mode (compliant with
the SIM interface).

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

interface) (1)
Item Specification

Transfer data format * Transfer data 8-bit UART mode (bit 2 through bit 0 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
« With an external clock chosen (bit 3 of address 037816 = “1") :
fExT / 16 (n+1) (Note 1) (Note 2)
Transmission / reception control | * Disable the CTS and RTS function (bit 4 of address 037C16 = “1”)
Other settings * The sleep mode select function is not available for UART2
* Set transmission interrupt factor to “transmission completed”
(bit 4 of address 037D16 = “1")
Transmission start condition| ¢ To start transmission, the following requirements must be met:
- Transmit enable bit (bit O of address 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 UART2 receive register to the UART2 receive
buffer register is completed
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Table 2.11.9 Specifications of clock-asynchronous serial I/O mode (compliant with the SIM
interface) (2)

Item Specification

Error detection  Overrun error (see the specifications of clock-asynchronous serial 1/0) (Note 3)
 Framing error (see the specifications of clock-asynchronous serial 1/0)
« Parity error (see the specifications of clock-asynchronous serial I/0)
- On the reception side, an “L” level is output from the TxD2 pin by use of the parity error
signal output function (bit 7 of address 037D16 = “1”) when a parity error is detected
- On the transmission side, a parity error is detected by the level of input to
the RxD2 pin when a transmission interrupt occurs
 The error sum flag (see the specifications of clock-asynchronous serial 1/0)

Notes 1: ‘n’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.
2: fExT is input from the CLK2 pin.
3: If an overrun error occurs, the UART2 receive buffer will have the next data written in. Note also
that the UARTI receive interrupt request bit is not set to “1”.
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Tc

Transfer clock

Transmit enable
bit(TE) ‘0" J Data is set in UARTI transmit buffer register
Transmit buffer “1" <
empty flag(Tl) Qo [ \
Transferred from UARTI transmit buffer register to UARTI transmit register
Sl;?[rt Parity ~ Stop

bit bit
TxD2 — A\st @@@@@@@@6 Sp ST Do XD1 XD2 XD3 X D4 XDs XDs XD7 X P ¥ sp

RxD2
\ A“L" level returns from TxD2 due to /

the occurrence of a parity error.

(S’\i‘%’t‘:'lc)‘md““o”e"e' T Ast (DX 02X XXX DX P Y 'sP ST ADo XD1 XDz XDz XD« XD XDs X07 XP A\ SP \/ The level is

detected by the
interrupt routine.

The level is detected by the
Transmit register A | interrupt routine.
empty flag (TXEPT) g

Transmit interrupt “1"
request bit (IR) “or

N el

. . Cleared to “0” when interrupt request is accepted, or cleared by software
Shown in () are bit symbols.

The above timing applies to the following settings:  Tc =16 (n+ 1) /fior 16 (n + 1) / fexT

« Parity is enabled. fi : frequency of BRGi count source (f1, f8, f32)
« One stop bit. fEXT : frequency of BRGi count source (external clock)
« Transmit interrupt cause select bit = “1". n : value set to BRGi

Tc

—»’—'47

Transfer clock
Receive enable v
bit (RE) w0 .
Start Parity  Stop
bit bit bit
RxD2 STADoXD:1 X D2X D:XDsXDs XDsXD7X P Y sP STADoXD1 XD2XDs XD XDs XDs XD7 X P SP
TxD2 /
A“L" level returns from TxD2 due to
the occurrence of a parity error.
Signal conductor level STADoX DX D2XDsX D:XDsXDsXD7X P Y sP STADoX D1X D2X D3X DX DsXDeXD X P\ SP/
(Note 1)
Receive complete 1" ——
flag (R) < N
o Read to receive buffer Read to receive buffer
Receive interrupt
request bit (IR) o

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) /fior 16 (n + 1) / fexT

« Parity is enabled. fi : frequency of BRGi count source (f1, f8, f32)
« One stop bit. fEXT : frequency of BRGi count source (external clock)
« Transmit interrupt cause select bit = “0”. n : value set to BRGi

Note: Equal in waveform because TxD 2 and RxDz2 are connected.

Figure 2.11.27 Typical transmit/receive timing in UART mode (compliant with the SIM interface)
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(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