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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER Rev.2.10
with DATA ACQUISITION CONTROLLER Oct 25, 2006

1. DESCRIPTION

The M306H7MG/MC-XXXFP and M306H7FGFP are single-chip microcomputers using the high-
performance silicon gate CMOS process using M16C/62 Series CPU core and is packaged in a 100-pin
plastic molded QFP. This single-chip microcomputer operates using sophisticated instructions featuring a

high level of instruction efficiency. With 1

M bytes of address space, this is capable of executing instructions

at high speed. This also features a built-in data slicer, making this correspondence to Global broadcasting

service.

1.1 Features
* Memory capacity .........ccccevevvvvvvnnnnnnn.

» Shortest instruction execution time ..
* Supply voltage........cccccvvvveeeeiieeneeenn.

mode
s Interrupts oo,

» Multifunction 16-bit timer ..................
e Serial l/O oo,

» Watchdog timer ............cooevvvviiinnnnne.
* Programmable /O ...,
s Input port .....ccoooeeeeiii
* Clock generating circuit....................

e Dataslicer ....ccoooovueeiiiiiiiiiiiiiee,

1.2 Applications
DVD recorder, HDD recorder

ROM Mask version : 256 K/128 K bytes

Flash memory version : 256 K bytes
RAM Mask version : 8 K/5 K bytes

Flash memory version : 8 K bytes
62.5 ns (f(XIN)=16 MHz)
Vce1=3.00 V to Vcez, Vee2=4.5 V to 5.5 V(at f(XIN)=16 MHz)
Vce1=2.00 V to Vcez, Vee2=2.00 V to 5.5 V(at f(XCIN)=32 kHz)
*Vcc2=2.0 V to 2.9 V: Operates only in the low power dissipation

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

5 output timers + 6 input timers

6 channels

UART/clock synchronous: 3

Clock synchronous: 2

Multi-master 12C: 1

2 channels (trigger: 24 sources)

8 bits X 8 channels (Expandable up to 10 channels)

1 circuit

1 line

79 lines (P6 to P7, P80 to P84: Can be used as 3.3 V interface)
1 port (P85 shared with NMI pin)

2 built-in circuits

(built-in feedback resistor, external crystal oscillator is required)
For PDC, VPS, WSS, EPG-J, CC, CC2X, ID-1
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1.DESCRIPTION

1.3

Pin Configuration

Figures 1.1 shows the pin configuration (top view).

Pin configuration (top view)
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Notes 1: N channel open-drain output pins.
Notes 2: When using Multi-master I2C, N channel open-drain output pins.

-4 p5_7/CLKouT
<€ P6_0/CTS0/RTS0
> P6_1/CLKo
-4 P6_2/RxDo/SCLo
> P6_3/TxD0o/SDA0
< P6_4/CTS1RTST
«» P6_5/CLK1

-4 P6_6/RxD1/SCL1
- P6_7/TxD1/SDA1

100P6S-A

Figure 1.1

Pin configuration (top view)
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1.DESCRIPTION

1.4 Performance Outline
Performance outline is shown in Table 1.1.

Table 1.1 Performance outline

Item

Performance

Number of basic instructions

91 instructions

Shortest instruction execution time

62.5 ns (f(XIN)= 16MHz, Vcc= 4.5V to 5.5V)

Memory ROM Refer to the Product table (Table 1.2)
capacity RAM Refer to the Product table (Table 1.2)
/O port PO to P5, P86 to P87, P9 8-bit x 7, 2-bit x 1 : Vcc2 system
P6 to P7, P8o to P84 8-bit x 2, 5-bit x 1 : Vcc1 system
Input port P85 1-bit x 1 (NMI pin Vccz level judgment) : Vcc2 system

TAO, TA1, TA2, TA3, TA4

16-bit x 5 channels

Multi function

TBO, TB1, TB2, TB3, TB4,

timer -bi
I TB5 16-bit x 6 channels
3 channels
Clock synchronous serial I/O,
Clock asynchronous serial 1/0,
Serial 1/0 12C bus’, or IEBus2-
2 channels
Clock synchronous serial 1/0
Serial 1/0 Multi-master 12C 12C bus x 1
A/D converter 8 bits x (8 + 2) channels
DMAC 2 channels (trigger: 24 sources)

CRC calculation circuit

CRC-CCITT

Watchdog timer

15 bits x 1 (with prescaler)

Interrupt

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

Clock generation circuit

2 circuits
* Main clock | (These circuits contain a built-in feedback resistor
* Sub-clock and external crystal oscillator)

Power supply voltage

Vcc1=3.00 V to Vccz, Vecz= 4.5 V to 5.5 V
(at f(XIN)=16MHz)

Vce1=3.00 V to Vcez, Veee=4.00 Vo 5.5V
(at f(XIN)=16MHZz)3-

Vce1=2.90 V to Vcez, Veee=2.90Vto 5.5V
(at f(XIN)=16MHz, at divide-by-8 or 16)3-

Vce1=2.0 V to Vcez, Veee=2.0Vto 5.5V
(at f(XcIN)=32kHz, only low-power consumption mode) 3-4-

Flash memory

Program/erase voltage

50V+0.25V

Number of program/erase

100 times

Device configuration

CMOS high performance silicon gate

Package 100-pin plastic mold QFP
Slice RAM 864 bytes (48 x 18 x 8-bit)

Data slicer . Corresponds to PDC, VPS, WSS, EPG-J, CC, CC2X and
Data slicer

ID-1

Rev.2.10  Oct 25,
REJ03B0152-0210

2006  Page 4 of 326
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M306H7MG-XXXFP/MC-XXXFP/FGFP 1.DESCRIPTION

NOTES:

1. 12C bus is a registered trademark of Koninklijke Philips Electronics N.V. If you desire this option,
please so specify.

2. |IEBus is a registered trademark of NEC Electronics Corporation.

If the Vcc2 supply voltage is less than 4.50 V, the A/D converter, data slicer cannot be used.

4. If the Vcc2 supply voltage is less than 2.60 V, be aware that only the CPU, RAM, clock timer,
interrupt, and I/O ports can be used. Other control circuits (e.g., timers A and B, serial 1/0, UART)
cannot be used.

w

Table 1.2 Product table

Type No. ROM capacity | RAM capacity | Package type Remarks
M306H7MG-XXXFP 256K bytes 8K bytes Mask ROM version
M306H7MC-XXXFP 128K bytes 5K bytes 100P6S-A Mask ROM version
M306H7FGFP 256K bytes 8K bytes Flash Memory version

TypeNo. M30 6H 7 M G - X F

|— Package type:
FP : Package 100P6S-A

ROM No.
Omitted for flash memory version

ROM capacity:
G: 256K bytes
C: 128K bytes

Memory type:

M: Mask ROM version
F : Flash memory version

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

M16C/6H Group

M16C Family

Figure 1.2 Type No, Memory Size, and Package

Rev.2.10  Oct25,2006 Page 5 of 326 RENESAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 1.DESCRIPTION

1.5 Block Diagram
Figure 1.3 is a block diagram.

8 A8 A8 A8 A8 A8 A8
|' | N A B A A e o
| [PortP0 | [PortP1] [PortP2 | [PortP3 ] [PortP4 | [PortP5 ]! [Portps | ! el
- - - - - o __—_ - ]
<VCC2> <VCC1> 1 'OU
. . él =3
Q
Internal peripheral functions 'AD converter Systom clock generator 8 3 4&:
(8 bits X8 channels | [ _ 7 ]
Timer (1 6-bit) Expandable up to 10 channels)| XINXOUT I __|
. - 1
Output (timer A): 5 UART or XCIN-XCOUT | §
Input (timer B): 6 lock synch ial /O
put ( ) coc(gsé?gxr%ngﬁ;ﬁf) Clock synchronous serial I/O ! g 41*:
(8 bits X 2 channels) | _;g
CRC arithmetic circuit (CCITT) Slicer 1|
(Polynomial :X16+X12+X5+1) |'E' .
Multi-master 1°C o
M16C/60 series16-bit CPU core Memory | _o:é
[o]
Watchdog timer RoH | ROL l SB | ROM ,\I <
(15 bits) RiH [ RIL USP 5|
R2 [e T
R3 ISP vl [o
DMAC NTE RAM | ]
(2 channels) 20 | |3 |
FB [ FLG | | [ N
oo
Multiplier 1
|
D
| |© S
I

Figure 1.3 Block diagram
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M306H7MG-XXXFP/MC-XXXFP/FGFP 1.DESCRIPTION

Table 1.3 Pin Description (1)
Pin name Signal name 1/0 type  [Power supply Function

Vect, Veez, | Power supply input Apply 2.00 V to 5.5 V to the Vce1 and Vee2 pins. Apply 0V to the Vss

Vss pin. Input condition of Vet and Veez are Veet < Veea. (1)

CNVss CNVss Input Vee2 Connect this pin to VsS.

RESET Reset input Input Vee2 "L" on this input resets the microcomputer.

XIN Clock input Input Veez These are I/0 pins provided for main clock oscillation circuit.

Xout Clock output Output Connect ceramic resonator or crystal oscillator between pins XIN and
XouT. To use an externally derived clock, input it to XIN pin and leave
XOuT pin open.

Avce Analog power supply input This pin is a power supply input for the A/D converter. Connect this pin to VVcc.

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

P0oto P07 /0 port PO Input/output | Vce2 This is an 8-bit CMOS 1/0 port. This port has an /O select direction register,
allowing each pin in that port to be directed for input or output individually.
If any port is set for input, selection can be made for it in a program whether or
not to have a pull-up resistor in 4 bit units. Pins in this oprt also function as
AID converter input pins as selected by Program.

P1oto P17 /0 port P1 Input/output | Vce2 This is an 8-bit I/0 port equivalent to P0. Pins P15 to P17 in this port also
functionas INT interrupt input pins as selected by software.

P20to P27 | 1/0 port P2 Input/output | Vce2 This is an 8-bit I/0 port equivalent to PO.

Note 1: In this datasheet, hereafter, Vcc refers to Vcc2 unless otherwise noted.

Rev.2.10

Oct 25, 2006
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M306H7MG-XXXFP/MC-XXXFP/FGFP 1.DESCRIPTION

Table 1.4 Pin Description (2)

Pinname | Signal name 1/O type Power supply Function
P30to P37 | 1/O port P3 Input/output  |Vcc2 This is an 8-bit I/O port equivalent to PO.
P40to P47 | 1/O port P4 output Vcez This is an 8-bit I/O port equivalent to PO.
P50to P57 | I/O port P5 Input/output  |Vcc2 This is an 8-bit I/O port equivalent to PO.

The same frequency as divide-by-8, 32 of XIN from

P57 or XCIN are output by program selecting.

P60 to P67 | I/O port P6 Input/output  [Vcet This is an 8-bit I/O port equivalent to PO.

These pins function as I/O pin of UARTO0 and UART1
by selecting it by the program.

P70to P77 |1/O port P7 Input/output  [Vcet This is an 8-bit I/O port equivalent to PO (P70 and P71
are N channel open-drain output). This port can function
as I/O pins for timers Ao to A3 when so selected in a
program.

Furthermore, P70 to P73 function as 1/O pins of UART2,
P71 function as input pin of timer B5, and P74 and P75
function as 1/0 pin of multi-master 12C bus.

P80to P84 | I/O port Input/output | Vce P80 to P84, P86, and P87 are I/O ports with the same
P80 to P84 (P8oto P84) | functions as PO. When selected by a program,

P80 to P81 function as I/O pins of timer A4, P82 to P84
function input pin of INT interrupt.

And, P84 also function as output pin for remote control.
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1.DESCRIPTION

Table 1.5 Pin Description (3)
Pin name Signal name /O type | Power supply Function

P8s, /0 port P86 Input/output  |Vcc2 (P85 | P86 and P87 that when selected in a program, both can function as 1/0

P87, /O port P87 Inputfoutput  |to P87) pins for sub clock oscillation circuit. In that case, connect crystal

P85 IO port P85 Input resopator petween P86 (XcouT pin).anﬂw ﬁ)ll.\l pin). .

P85 is an input-only port shared with NMI. NMI interrupt is generated
when input on this pin changes state from high to low.

NMI function cannot be disabled in a program. Pull-up resistor cannot
be set for this pin.

P90 to P97 /0 port P9 Input/output | Vcc2 This is an 8-bit 1/O port equivalent to P0. Pins in this port also function
as SI/03 and SI/04 of 1/0 pins, Timer BO to B4 input pins, A/D
converter input pins, A/D trigger input pins, or remote control input pins
as selected by program.

\VbD2, Vss2  |Power supply Analog power supply pin. Apply the same potential as Vcc2 to the

input VoD2 pin. Apply 0 V to the VSs2 pin.

CVIN Composite video  |Input Vce2 This pin inputs the external composite video signal. Data-acquisition

signal input 1 slices this signal internally by setting.

SYNCIN Composite video  |Input Vce2 This pin inputs the external composite video signal. Sync.-separate

signal input 2 circuit devides this signal internally.

STARTB Oscillation Input Vce This pin selects the oscillation circuit. XIN-XoUT circuit is selected when

selection input this pin is "L"; XCIN-XCOUT circuit is selected when this pin is "H".

LP3 Filter output 2 output VD2 This is a filter output pin 2 (for VPS).

LP4 Filter output 3 output VD2 This is a filter output pin 3 (for PDC).

Vce OFF Vet Power supply | Input Vee2 Normally, please input "L" level. When Vcc1 power supply is off, please

input select input "H" level.

M1 Mode selection Input Vee2 Connect it to the Vss.In the mask ROM version, connect this pin to the

input (M1 input) V/ss or the Vicce.

TEST1 Test input Input Vicez This is a test pin. Connect a capacitor.

Rev.2.10 Oct 25,2006 Page 9 of 326 REN ESNS
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M306H7MG-XXXFP/MC-XXXFP/FGFP 1.DESCRIPTION

1.6 Memory

Figure 1.4 is a memory map of M306H7MG-XXXFP/MC-XXXFP/FCFP. The address space extends the
1M bytes from address 0000016 to FFFFF16.

The internal ROM is allocated in a lower address direction beginning with address FFFFF16. An internal
ROM of M306H7MC-XXXFP, for instance, is allocated to the addresses from E000016 to FFFFF16.

The fixed interrupt vector table is allocated to the addresses from FFFDC16 to FFFFF16. Therefore, store
the start address of each interrupt routine here.

The internal RAM is allocated in an upper address direction beginning with address 0040016. An internal
RAM of M306H7MC-XXXFP, for instance, is allocated to the addresses from 0040016 to 017FF16. In
addition to storing data, the internal RAM also stores the stack used when calling subroutines and when
interrupts are generated.

SFR is allocated to the addresses from 0000016 to 003FF16. Peripheral function control registers are
located here. Of SFR, any area which has no functions allocated is reserved for future use and cannot
be used by users.

The special page vector table is allocated to the addresses from FFE0016 to FFFDB16. This vector is
used by the JMPS or JSRS instruction. For details, refer to the “M16C/60 and M16C/20 Series Software
Manual.”

In memory expansion and microprocessor modes, some areas are reserved for future use and cannot be
used by users.

0000016
SFR
0040016
Internal RAM , FFEOO16
XXXXX16 ," Special page
! vector table

¢ FFFDC16 F(jndefined instruction ]
| F Overflow E
! ' BRKinstruction -
/ F Address match
F Single step E
Internal RAM : Internal ROM YYYYYis E  Watchdog timer 3
Size Address XXXXX1s Size Address YYYYY1s B DBC ]
5K bytes 17FF16 128K bytes E000016 Internal ROM B NMIT ]
8K bytes 23FF16 256K bytes C000016 FFFFF16 ____FFFFF1sL Reset E

Figure 1.4 Memory Map
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2. CENTRAL PROCESSING UNIT (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. The CPU has 13 registers. Of these, R0, R1, R2, R3, A0, Al and FB comprise a
register bank. There are two register banks.

b19

b15 b8b7

b0

ROH(RO's high bits)| ROL(RO's low bits) ]

R1H(R1's high bits)| R1L(R1's low bits) ]

R2

R3

A0

A1

FB

b15

b0

[ INTBH

| INTBL

b19

The upper 4 bits of INTB are INTBH and
the lower 16 bits of INTB are INTBL.

b0

PC

b15 b0

USP

ISP

SB
b15 b0
| FLG |
915——"/—/— b8 b7 boi
LL P [ [ ][ [uli]o[s]s[z[p]c]

Data registers (Note)

} Address registers (Note)

Frame base registers (Note)

Interrupt table register

Program counter

User stack pointer
Interrupt stack pointer
Static base register

Flag register

Carry flag
Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

Reserved area

Note: These registers comprise a register bank. There are two register banks.

Figure 2.1 CPU registers

21 Data Registers (R0, R1, R2 and R3)

The RO register consists of 16 bits, and is used mainly for transfers and arithmetic/logic operations. R1 to R3 are

the same as RO.

The RO register can be separated between high (ROH) and low (ROL) for use as two 8-bit data registers.
R1H and R1L are the same as ROH and ROL. Conversely, R2 and RO can be combined for use as a 32- bit data
register (R2R0). R3R1 is the same as R2R0.

2.2 Address Registers (A0 and A1)

The register A0 consists of 16 bits, and is used for address register indirect addressing and address register relative
addressing. They also are used for transfers and logic/logic operations. Al is the same as AQ.
In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1AO0).

Rev.2.10  Oct 25, 2006
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M306H7MG-XXXFP/MC-XXXFP/FGFP 2. CENTRAL PROCESSING UNIT (CPU)

2.3 Frame Base Register (FB)
FB is configured with 16 bits, and is used for FB relative addressing.

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

25 Program Counter (PC)

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

2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

Stack pointer (SP) comes in two types: USP and ISP, each configured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by the U flag of FLG.

2.7 Static Base Register (SB)
SB is configured with 16 bits, and is used for SB relative addressing.

2.8 Flag Register (FLG)
FLG consists of 11 bits, indicating the CPU status.

* Carry Flag (C Flag)
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
* Debug Flag (D Flag)
The D flag is used exclusively for debugging purpose. During normal use, it must be set to “0”.
* Zero Flag (Z Flag)
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, it is “0”.
* Sign Flag (S Flag)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, it is “0”.
* Register Bank Select Flag (B Flag)
Register bank 0 is selected when this flag is “0” ; register bank 1 is selected when this flag is “1”.
* Overflow Flag (O Flag)
This flag is set to ““1” when the operation resulted in an overflow; otherwise, it is “0”.
* Interrupt Enable Flag (I Flag)
This flag enables a maskable interrupt.
Maskable interrupts are disabled when the I flag is “0”, and are enabled when the I flag is “1”. The I flag is
cleared to “0” when the interrupt request is accepted.
* Stack Pointer Select Flag (U Flag)
ISP is selected when the U flag is “0”; USP is selected when the U flag is “1”.
The U flag is cleared to “0” when a hardware interrupt request is accepted or an INT instruction for software
interrupt Nos. 0 to 31 is executed.
* Processor Interrupt Priority Level (IPL)
IPL is configured with three bits, for specification of up to eight processor interrupt priority levels from level
0 to level 7.
If a requested interrupt has priority greater than IPL, the interrupt is enabled.
* Reserved Area
When write to this bit, write "0". When read, its content is indeterminate.

Rev.2.10  Oct25,2006 Page120f326 *XENESANAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 3. RESET

3. Reset

There are three types of resets: a hardware reset, a software reset, and a watchdog timer reset.

3.1 Hardware Reset

A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while the power supply
voltage is within the recommended operating condition, the pins are initialized (see Table 3.1).

The oscillation circuit is initialized and the main clock starts oscillating. When the input level at the RESET pin is
released from “L” to “H”, the CPU and SFR are initialized, and the program is executed starting from the address
indicated by the reset vector. The internal RAM is not initialized. If the RESET pin is pulled “L” while writing to
the internal RAM, the internal RAM becomes indeterminate.

Figure 3.1 shows the example reset circuit. Figure 3.2 shows the reset sequence. Table 3.1 shows the statuses of the
other pins while the RESET pin is “L”. Figure 3.3 shows the CPU register status after reset.

Refer to “SFR” for SFR status after reset.

1. When the power supply is stable

* When STARTB pin = “L”
(1) Apply an “L” signal to the RESET pin.
(2) Apply a clock for 20 cycles or more to the XIN pin.
(3) Apply an “H” signal to the RESET pin.

* When STARTB pin = “H”
(1) Apply an “L” signal to the RESET pin.
(2) Apply a clock for 20 cycles or more to the XCIN pin.
(3) Apply an “H” signal to the RESET pin.

2. Power on
* When STARTB pin = “L”
(1) Apply an “L” signal to the RESET pin.
(2) Let the power supply voltage increase until it meets the recommended operating condition.
(3) Wait td(P-R) or more until the internal power supply is stabilized.
(4) Apply a clock for 20 cycles or more to the XIN pin.
(5) Apply an “H” signal to the RESET pin.

* When STARTB pin = “H”
(1) Apply an “L” signal to the RESET pin.
(2) Let the power supply voltage increase until it meets the recommended operating condition.
(3) Wait td(P-R) or more until the internal power supply is stabilized.
(4) Apply a clock for 20 cycles or more to the XCIN pin.
(5) Apply an “H” signal to the RESET pin.
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Recommended 5
operating y
voltage
Vcez
ov

RESET Vvee2

Equal to or less

Equal to or less
than 0.2 Vcc2

than 0.2 Vcc2

Apply the clock of 20 cycles or more to
the td(P-R) + XIN or XCIN pin. (Note 1)

& ov

—>i

Notes 1: When the STARTB pin=L, apply the clock of 20 cycles or more to the XIN pin.
When the STARTB pin=H, apply the clock of 20 cycles or more to the XCIN pin.
Notes 2: If Vcc1 < Vcez, the Vec1 voltage must be lower than that of Vcc2 when the power is being turned on or off.

Figure 3.1 Example Reset Circuit

3.2 Software Reset

When the PMO3 bit in the PMO register is set to “1” (microcomputer reset), the microcomputer has its pins,

CPU, and SFR initialized. Then the program is executed starting from the address indicated by the reset vector.
Select the main clock for the CPU clock source, and set the PMO03 bit to “1” with main clock oscillation
satisfactorily stable.

At software reset, some SFR’s are not initialized. Refer to “SFR”. Also, since the PM01 to PMO0O0 bits in the PMO
register are not initialized, the processor mode remains unchanged.

3.3 Watchdog Timer Reset

Where the PM12 bit in the PM1 register is “1” (reset when watchdog timer underflows), the microcomputer
initializes its pins, CPU and SFR if the watchdog timer underflows. Then the program is executed starting from the
address indicated by the reset vector.

At watchdog timer reset, some SFR’s are not initialized. Refer to “SFR”. Also, since the PMO1 to PMO0O bits in the
PMO register are not initialized, the processor mode remains unchanged.
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Vee ]
XIN/ XCIN w Umﬂﬂﬂﬂﬂﬂmq

td(P-R) More than

20 cycles
are needed
(Note)
RESET | B0k 28cyoles

BCLK 2
Single chip FFFFC16 Content of reset vector
mode v v

Address { | FFFFE®s | )

"L", apply the clock of 20 cycles or more to the XIN pin after waiting for td(P-R) until the internal power supply is stabilized.

Note : When the STARTB pin=
apply the clock of 20 cycles or more to the XCIN pin after waiting for td(P-R) until the internal power supply is stabilized.

When the STARTB pin="H",

Figure 3.2 Reset Sequence
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3. RESET

Table 3.1 Pin Status When RESET Pin Level is “L
Status
Pin name CNVss = Vcc (Note)
CNVss = Vss
BYTE = Vss BYTE = Vcc
PO Input port Data input Data input
P1 Input port Data input Input port
P2, P3, P40 to P43 | Input port Address output (undefined) Address output (undefined)
P44 Input port CS0 output ("H" is output) CSo output ("H" is output)
P45 to P47 Input port Input port (Pulled high) Input port (Pulled high)
P50 Input port 'WR output ("H" is output) WR output ("H" is output)
P51 Input port BHE output (undefined) BHE output (undefined)
P52 Input port RD output ("H" is output) RD output ("H" is output)
P53 Input port BCLK output BCLK output
P5 Inbut port HLDA output (The output value | HLDA output (The output value
4 nput po depends on the input to the depends on the input to the
HOLD pin) HOLD pin)
P55 Input port HOLD input HOLD input
P56 Input port ALE output ("L" is output) ALE output ("L" is output)
P57 Input port RDY input RDY input
P6, P7, P8o to P84,
P86, P87, Po_ Input port Input port Input port
Note : Do not set CNVss=Vcc for this product.
b15 b0
000016 Data register(R0)
000016 I Data register(R1)
000016 I Data register(R2)
000016 I Data register(R3)
000016 I Address register(A0)
000016 I Address register(A1)
: 000016 I Frame base register(FB)

b19

b0

0000016

Content of addresses FFFFE16 to FFFFC16

b15 b0
000016
000016
000016
b15 b0
| 000016 |
- b8 b7 bO:

Interrupt table register(INTB)
Program counter(PC)

User stack pointer(USP)

Interrupt stack pointer(ISP)
Static base register(SB)

Flag register(FLG)

Ul OBSzDC
Figure 3.3 CPU Register Status After Reset
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3.4 SFR

Address Register (Note 1) Symbol After reset
000016
000116
000216
000316
000416 | Processor mode register 0 (Note 2) PMO 000000002
000516 | Processor mode register 1 PM1 000010002
000616 | System clock control register 0 CMo g}?%?ggé:‘: gTT:;TTlBB FE)I::' .Is,SrIT))
000716 | System clock control register 1 CM1 001000002
000816
000916 | Address match interrupt enable register AIER XXXXXX002
000A1s | Protect register PRCR XX0000002
000B16
000C16
000D16
000E16 | Watchdog timer start register WDTS XX16
000F1s | Watchdog timer control register WDC 00XXXXXX2(Note 3)
001016 | Address match interrupt register 0 RMADO 0016
001116 0016
001216 X016
001316
001416 | Address match interrupt register 1 RMAD1 0016
001516 0016
001616 X016
001716
001816
001916
001A16
001B16
001C16

001D16

001E16 | Processor mode register 2 PM2 XXX000002
001F 16

002016 | DMAQ source pointer SARO XX16

002116 XX16

002216 XX16

002316

002416 | DMAO destination pointer DARO XX16

002516 XX16

002616 XX16

002716

002816 | DMAO transfer counter TCRO XX16

002916 XX16

002A16

002B16

002C1s | DMAQO control register DMOCON 00000X002
002D16

002E16

002F16

003016 | DMA1 source pointer SAR1 XX16

003116 XX16

003216 XX16

003316

003416 | DMA1 destination pointer DAR1 XX16

003516 XX16

003616 XX16

003716

00381 | DMA1 transfer counter TCR1 XX16

003916 XX16

003A16

003B16

003C1s | DMA1 control register DM1CON 00000X002
003D16

003E16

003F16

Note 1: The blank areas are reserved and cannot be accessed by users.
Note 2: The PM00 and PMO01 bits do not change at software reset, watchdog timer reset and oscillation stop detection reset.
Note 3: The WDCS5 bit is "0" (cold start) immediately after power-on. It can only be set to "1" in a program.

X : Undefined
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3. RESET

Address

Register

Symbol

After reset

004016

004116

004216

004316

004416

INT3 interrupt control register

INT3IC

XX00X0002

004516

Timer B5/SLICE ON interrupt control register

TBSIC

XXXXX0002

004616

Timer B4/Remote control interrupt control register, UART1 BUS collision detection interrupt | TB4IC, U1BCNIC

control register

XXXXX0002

004716

Timer B3/HINT interrupt control register, UARTO BUS collision detection interrupt control register | TB3IC, UOBCNIC

XXXXX0002

004816

S1/O4 interrupt control register, INT5 interrupt control register S41C, INTSIC

XX00X0002

004916

SI/O3 interrupt control register, INT4 interrupt control register S3IC, INT4IC

XX00X0002

004A16

UART2 Bus collision detection interrupt control register BCNIC

XXXXX0002

004B16

DMAO interrupt control register

DMOIC

XXXXX0002

004C16

DMAT1 interrupt control register

DM1IC

XXXXX0002

004D16

004E16

A/D conversion interrupt control register

ADIC

XXXXX0002

004F16

UART2 transmit interrupt control register

S2TIC

XXXXX0002

005016

UART2 receive interrupt control register

S2RIC

XXXXX0002

005116

UARTO transmit interrupt control register

SOTIC

XXXXX0002

005216

UARTO receive interrupt control register

SORIC

XXXXX0002

005316

UART1 transmit interrupt control register

S1TIC

XXXXX0002

005416

UART1 receive interrupt control register

S1RIC

XXXXX0002

005516

Timer AQ interrupt control register

TAOIC

XXXXX0002

005616

Timer A1 interrupt control register

TA1IC

XXXXX0002

005716

Timer A2 interrupt control register

TA2IC

XXXXX0002

005816

Timer A3 interrupt control register

TA3IC

XXXXX0002

005916

Timer A4 interrupt control register

TA4I1C

XXXXX0002

005A16

Timer BO interrupt control register

TBOIC

XXXXX0002

005B16

Timer B1 interrupt control register

TB1IC

XXXXX0002

005C16

Timer B2/Clock timer interrupt control register

TB2IC

XXXXX0002

005D16

INTO interrupt control register

INTOIC

XX00X0002

005E16

INT1 interrupt control register

INT1IC

XX00X0002

005F 16

INT2 interrupt control register

INT2IC

XX00X0002

006016

006116

006216

006316

006416

006516

006616

006716

006816

006916

006A16

006B16

006C16

006D16

006E16

006F 16

007016

007116

007216

007316

007416

007516

007616

007716

007816

007916

007A16

007B16

007C16

007D16

007E16

007F16

Note :The blank areas are reserved and cannot be accessed by users.

X : Undefined
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Address Register Symbol After reset
008016
008116
008216
008316
008416
008516
008616
01B0O16
01B116
01B216
01B316
01B416
018516 | Flash memory control register 1 (Note 2) FMRA1 0X00XX0X2
01B616
018716 | Flash memory control register 0 (Note 2) FMRO XX0000012
01881 | Address match interrupt register 2 RMAD2 0016
01B916 0016
01BA16 X016
01BB16 | Address match interrupt enable register 2 AIER2 XXXXXX002
01BCt6 | Address match interrupt register 3 RMAD3 0016
01BD16 0016
01BE1s X016
01BF16
020016 iaai f 0016
020116 Remote control transmission buffer register RMTTMHL 0016
9o9ke | Slice RAM address control register SA 0016
ggmg Slice RAM data control register sSD 0016
gg]gz Address control register for CRC registers CA 0016
321212 Data control register for CRC registers CD 0016
gg]g:: Address control register for extended registers DA 0016
82]312 Data control register for extended registers DD 0016
oo | Humming 8/4 register HMS8 0016
9212 ] Humming 24/18 register O HMO 0016
92 | Humming 24/18 register 1 HM1 0016
025016
025916
025A16
025B16
025C16
025D16
025E16 | Peripheral clock select register PCLKR 000000112
025F16
02061 | |2CO0 interrupt control register EXTIICINT 0016
02076 | Reserved register EXTREG02D7 0016
02E06 | |12C data shift register 11C0S0 Undefined
02E116 | 12C address register 11C0S0D 0016
026216 | |2C states register 11C0S1 000100072
02315 | 12C control register 1IC0S1D 0016
026416 | 12C clock control register 11C0S2 0016
02E516 | Reserved register REVREGO02E5 002000002
02E616 12C transmit buffer register 11C0S0S Undefined
0330 16
033116
033216
033316

Note 1: The blank areas are reserved and cannot be accessed by users.

Note 2: This register is included in the flash memory version.

X : Undefined
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3. RESET

Address Register Symbol After reset
034016 | Timer B3, 4, 5 count start flag TBSR 000XXXXX2
034116
034216
034316
034416
034516
034616
034716
034816
034916
034A16
034B16
034C16
034D16
034E16
034F16
035016 | Timer B3 register TB3 XX16
035116 XX16
035216 | Timer B4 register TB4 XX16
035316 XX16
035416 | Timer B5 register TB5 XX16
035516 XX16
035616
035716
035816
035916
035A16
035816 | Timer B3 mode register TB3MR 00XX00002
035C16 | Timer B4 mode register TB4AMR 00XX00002
035D16 | Timer B5 mode register TB5MR 00XX00002
03516 | Interrupt cause select register 2 IFSR2A 0OXXXXXX2
035F16_| Interrupt cause select register IFSR 0016
036016 | SI/O3 transmit/receive register S3TRR XX16
036116
036216 | SI/O3 control register S3C 010000002
036316 | SI/O3 bit rate generator register S3BRG XX16
036416 | SI/O4 transmit/receive register S4TRR XX16
036516
036616 | SI/O4 control register S4C 010000002
036716 | SI/O4 bit rate generator register S4BRG XX16
036816
036916
036A16
036B16
036cis | UARTO special mode register 4 UOSMR4 0016
036D1s | UARTO special mode register 3 UOSMR3 000X0X0X2
0361 | UARTO special mode register 2 UOSMR2 X00000002
036F16 | UARTO special mode register UOSMR X00000002
037016 | UART1 special mode register 4 U1SMR4 0016
037116 | UART1 special mode register 3 U1SMR3 000X0X0X2
037216 | UART1 special mode register 2 U1SMR2 X00000002
037316 | UART1 special mode register U1SMR X00000002
037416 | UARTZ2 special mode register 4 U2SMR4 0016
037516 | UART2 special mode register 3 U2SMR3 000X0X0X2
037616 | UART2 special mode register 2 U2SMR2 X00000002
037716 | UART2 special mode register U2SMR X00000002
037816 | UART2 transmit/receive mode register U2MR 0016
037916 | UART2 bit rate generator U2BRG XX16
037A16 | UART2 transmit buffer register u2TB XXXXXXXX2
037B16 XXXXXXXX2
03716 | UART2 transmit/receive control register 0 uU2Co 000010002
037D1s | UART2 transmit/receive control register 1 u2C1 000000102
037E1 | UART2 receive buffer register U2RB XXXXXXXX2
037F16 XXXXXXXX2

Note : The blank areas are reserved and cannot be accessed by users.
X : Undefined
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Address Register Symbol After reset
038016 | Count start flag TABSR 0016
038116 | Clock prescaler reset flag CPSRF OXXXXXXX2
038216 | One-shot start flag ONSF 0016
038316 | Trigger select register TRGSR 0016
038416 | Up-down flag UDF 0016
038516
038616 | Timer AQ register TAO XX16
038716 XX16
038816 | Timer A1 register TA1 XX16
038916 XX16
038A1s | Timer A2 register TA2 XX16
038B16 XX16
038C16 | Timer A3 register TA3 XX16
038D16 XX16
038E1s | Timer A4 register TA4 XX16
038F16 XX16
039016 | Timer BO register TBO XX16
039116 XX16
039216 | Timer B1 register TB1 XX16
039316 XX16
039416 | Timer B2 register TB2 XX16
039516 XX16
039616 | Timer AO mode register TAOMR 0016
039716 | Timer A1 mode register TATMR 0016
039816 | Timer A2 mode register TA2MR 0016
039916 | Timer A3 mode register TASMR 0016
039A16 | Timer A4 mode register TA4MR 0016
039816 | Timer BO mode register TBOMR 00XX00002
039C1s | Timer B1 mode register TB1MR 00XX00002
039D16 | Timer B2 mode register TB2MR 00XX00002
039E16
039F 16
03A016 | UARTO transmit/receive mode register UOMR 0016
03A116 | UARTO bit rate generator register UOBRG XX16
03A216 | UARTO transmit buffer register uoTB XXXXXXXX2
03A316 XXXXXXXX2
03A416 | UARTO transmit/receive control register 0 uoco 000010002
03A516 | UARTO transmit/receive control register 1 UoC1 000000102
03A616 | UARTO receive buffer register UORB XXXXXXXX2
03A716 XXXXXXXX2
03A816 | UART1 transmit/receive mode register U1IMR 0016
03A916 | UART1 bit rate generator U1BRG XX16
03AA1s | UART1 transmit buffer register u1TB XXXXXXXX2
03AB1s XXXXXXXX2
03AC1s | UART1 transmit/receive control register 0 U1Co 000010002
03AD16 | UART1 transmit/receive control register 1 U1C1 000000102
03AEts | UART1 receive buffer register U1RB XXXXXXXX2
03AF16 XXXXXXXX2
03B01s | UART transmit/receive control register 2 UCON X00000002
03B116
03B216
03B316
03B416
03B516
03B616
03B716
038816 | DMAO request cause select register DMOSL 0016
03B916
03BA1s | DMA1 request cause select register DM1SL 0016
03BB16
038C16 | CRC data register CRCD XX16
03BD16 XX16
03BE1s | CRC input register CRCIN XX16
03BF16

Note : The blank areas are reserved and cannot be accessed by users.

X : Undefined
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3. RESET

Address Register Symbol After reset
03C016 | A/D register 0 ADO XXXXXXXX2
03C116
03C216 | A/D register 1 AD1 XXXXXXXX2
03C316
03C41s | A/D register 2 AD2 XXXXXXXX2
03C516
03C61s | A/D register 3 AD3 XXXXXXXX2
03C716
03cs | A/D register 4 AD4 XXXXXXXX2
03C916
03CA1s | A/D register 5 AD5 XXXXXXXX2
03CB16
03cCis | A/D register 6 AD6 XXXXXXXX2
03CD16
03CEte | A/D register 7 AD7 XXXXXXXX2
03CF16
03D016
03D116
03D216
03D316
03D416 | A/D control register 2 ADCON2 0016
03D516
03p61s | A/D control register 0 ADCONO 00000XXX2
03D716 | A/D control register 1 ADCON1 0016
03D816
03D916
03DA16
03DB16
03DC16
03DD16
03DE16
03DF16
03016 | Port PO register PO XX16
03E116 | Port P1 register P1 XX16
03e216 | Port PO direction register PDO 0016
03E316 | Port P1 direction register PD1 0016
03E416 | Port P2 register P2 XX16
03516 | Port P3 register P3 XX16
03616 | Port P2 direction register PD2 0016
03E716 | Port P3 direction register PD3 0016
03e81s | Port P4 register P4 XX16
03E916 | Port P5 register P5 XX16
03EA1s | Port P4 direction register PD4 0016
03eB1s | Port P5 direction register PD5 0016
03EC1s | Port P6 register P6 XX16
03eD1s | Port P7 register P7 XX16
03EE1s | Port P6 direction register PD6 0016
03EF16 | Port P7 direction register PD7 0016
03F016 | Port P8 register P8 XX16
03F116 | Port P9 register P9 XX16
03rF21s | Port P8 direction register PD8 00X000002
03F316 | Port P9 direction register PD9 0016
03F416 | Port P10 register P10 XX16
03F516
03F616
03F718
03F816
03F916
03FA1e
03FB16
o3rcs_| Pull-up control register 0 PURO 0016
03FD1e Pull-up control register 1 PUR1 000000002
03FE1s | Pull-up control register 2 PUR2 0016
03FF1s | Port control register PCR 0016

Note 1: The blank areas are reserved and cannot be accessed by users.
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Processor mode register O (Note 1)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After reset
PMO 000416 000000002 (CNVss pin ="L")

Lolofolo] Jof | |
E E E : i+ 1 . |Bitsymbol Bit name Function RwW
. } b1 b0
A PMOO Processor mode bit 0 0: Single-chip mode RW
N 0 1: Memory expansion mode
P PMO1 1.0: Must ot be set w
I A N R 1 1: Microprocessor mode
E I R S (b2) Reserved bit Must set to "0". RW
E E E E i Setting this bit to “1” resets the
- P Memmeeeeaaas PMO03 Software reset bit microcomputer. When read, its content | RwW
Py is "0".
s (b7-b4) Reserved bits Must set to "0". RW

Note 1: Write to this register after setting the PRC1 bit in the PRCR register to "1" (write enable).
Figure 3.4 PMO Register
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Processor mode register 1 (Note 1)
b7 b6 b5 b4 b3 b2 b1 bO Symbol Address After reset
[ ToJoJoJo] JoJo] PMt 000516 0X0010002
L L
oo b
| It 1 1, 1 1 | Bitsymbol Bit name Function RW
I T O J—
I 1 1 1 1, "7 (b1-b0) Reserved bit Must set to "0". RW
T L A : :
[ T N I PM12 Watchdog timer function | 0 : Watchdog timer interrupt RW
by select bit 1 : Watchdog timer reset (Note 2)
o
| === -— — — — — (bB-b3) Reserved bit Must set to "0". RW
|
_______________ o 0 : No wait state
PM17 | Wait bit (Note 3) 1 With wait state (1 wait) RW
Note 1: Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable).
Note 2: PM12 bit is set to “1” by writing a “1” in a program. (Writing a “0” has no effect.)
Note 3: When PM17 bit is set to “1” (with wait state), one wait state is inserted when accessing internal RAM or
internal ROM.

Figure 3.5

PM1 Register
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4. CLOCK GENERATION CIRCUIT

4. Clock Generation Circuit

The clock generation circuit contains two oscillator circuits as follows:

(1) Main clock

oscillation circuit

(2) Sub clock oscillation circuit

Table 4.1 lists the clock generation circuit specifications. Figure 4.1 shows the clock generation circuit.
Figures 4.2 to 4.4 show the clock-related registers.

Table 4.1 CPU registers
ltem Main clock Sub clock
oscillation circuit oscillation circuit
Use of clock » CPU clock source | *CPU clock source

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (Note2) | |
Pins to connect | XIN, XouT XCIN, XcouT
oscillator

Oscillation stop, | Presence Presence

restart function

Oscillator status | Oscillating Stopped

after reset (Note1)

* Peripheral function
clock source

0 to 16 MHz
(Note 3)

» Ceramic oscillator
* Crystal oscillator

* Timer A, B's clock
source

Externally derived clock can be input

Note 1. The state that the STARTB pin is held "L" after reset is shown.
The state that the STARTB pin is held "H" after reset is following.

Main clock oscillation circuit: Stopped

Sub clock oscillation circuit: Oscillating
Note 2. If you use "14 Expansion Function (Data acquisition)", be sure to connect a crystal oscillator

between the XIN and XOuUT pins.
Note 3. If you use "14 Expansion Function (Data acquisition)", connect a crystal of 10MHz, 12MHz,

14MHz, or 16 MHz.
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M306H7MG-XXXFP/MC-XXXFP/FGFP 4. CLOCK GENERATION CIRCUIT

CM01-CM00=002
Sub-clock 1/0 ports
generating circuit PM01-PM00=002, CM01-CMO00=012 ° 3
XCIN Xcout PM01-PM00=002, CMO1-CM00=102__, CLKour
PMO01-PM00=002,
fca2 CM01-CM00=112
CM04 1132
f1
Sub-clock > N 3PCLK0_1
——————— . f
PCLKO0=0
fc %> "
START a2
s Q —
N~ faD
ul) R >
E— fisio
PCLK1=1
Cmo7 D)— fasio ©
I— {>—o PCLK1=0
CMO06 — Main clock N fesio
CM10=1(stop mode) s Q L
N_f32s10
R e|bJc |
— » d  CMo7=0
@_' Divider CPU clock
Main clock ’ BCLK
CcMO5 generating circuit
CM02 ﬁ>7
S Q 4 )
WAIT instruction —— 53
e b
S e B e O ey I p
RESET ; 172 1/8 1/16
Software reset i CM06=0
—_ CM17-CM16=112
NMI O CM06 1
CM06=0
Interrupt request level judgment output CM17-CM16= 102 d
CM02, CM04, CM05, CM06 and CM07: CMO register bits i CMO06=0
CM10, CM11, CM16 and CM17: CM1 register bits H CM17-CM16=012
PCLKO, PCLK1: PCLK register bits. H
CM06=0
CM17-CM16=002 Details of divider
Figure 4.1 Clock Generation Circuit
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System clock control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 b1 bO

Symbol Address  After reset (Note 14)
| I N N N T | . | CMO 000616 011110002 (STARTB pin = Vcc)

oo 010010002 (STARTB pin = Vss)
Bit symbol Bit name Function RW
L] CMO00 Clock ogtput function Bﬂg - 1/0 port P57 RW
b (S\(;LTiZtcl))rl:ly in single-chip 01: fcoutput
Voo ] CMO1 a 10 : fs output
oo mode) 11 : 32 output RW
. CM02 WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode RW
A clock stop bit (Note 10) 1 : Stop peripheral function clock in wait mode (Note 8)
XcCIN-XcouT drive capacity | 0 : LOW
e CMo3 select bit (Note 2) 1:HIGH RW
e Port Xc select bit 0 : /O port P86, P87
E E E """"""""" CMo4 (Note 2) 1 : XCIN-XcouT generation function(Note 9) RW
N CMO05 Main clock stop bit 0:0n
oy TTTTmmm T (Notes 3, 10, 12, 13) 1 : Off (Note 4, Note5) RW
b CMO06 Main clock division select | 0 : CM16 and CM17 valid RW
pooTTTTTTTTTTTmm bit O (Notes 7, 13) 1 : Division by 8 mode
System clock select bit 0 : Main clock
------------------------ Mo7

CMO7 |\ Notes 6, 10, 11, 12) 1 Sub-clock RW

Note 1: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable).

Note 2: The CMO03 bit is set to “1” (high) when the CM04 bit is set to “0” (I/O port) or the microcomputer goes to a stop mode.
Note 3: This bit is provided to stop the main clock when the low power dissipation mode is selected. This bit cannot be used for
detection as to whether the main clock stopped or not. To stop the main clock, the following setting is required:

(1) Set the CMO7 bit to “1” (Sub-clock select) with the sub-clock stably oscillating.
(2) Set the CMO5 bit to “1” (Stop).

Note 4: During external clock input, only the clock oscillation buffer is turned off and clock input is accepted if the sub clock is not
chosen as a CPU clock.

Note 5: When CMO5 bit is set to “1, the XouT pin goes “H”. Furthermore, because the internal feedback resistor remains connected,
the XIN pin is pulled “H” to the same level as XouT via the feedback resistor.

Note 6: After setting the CM04 bit to “1” (XcIN-XcouT oscillator function), wait until the sub-clock oscillates stably before switching
the CMO7 bit from “0” to “1” (sub-clock).

Note 7: When entering stop mode from high or middle speed mode, the CMO6 bit is set to “1” (divide-by-8 mode).

Note 8: The fc32 clock does not stop. During low speed or low power dissipation mode, do not set this bit to “1” (peripheral clock
turned off when in wait mode).

Note 9: To use a sub-clock, set this bit to “1”. Also make sure ports P8 6 and P87 are directed for input, with no pull-ups.

Note 10: When the PM21 bit of PM2 register is set to “1” (clock modification disable), writing to the CM02, CM05, and CMO07 bits has

no effect.

Note 11: If the PM21 bit needs to be set to “1”, set the CMO07 bit to “0”(main clock) before setting it.

Note 12: To use the main clock as the clock source for the CPU clock, follow the procedure below.
(1) Set the CMO05 bit to “0” (oscillate).
(2) Wait until td(M-L) elapses or the main clock oscillation stabilizes, whichever is longer.
(3) Set the CMO07 bit all to “0”.

Note 13: When the CMO05 bit is set to “1” (main clock turned off), the CMO06 bit is fixed to “1” (divide-by-8 mode) and the

CM15 bit is fixed to “1” (drive capability high).
Note 14: Keep in mind that the values after reset differ by the input voltage at the STARTB pin.

Figure 4.2 CMO Register
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System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 b1 b0

| | | | 0| 0 | 0 | 0 | | Symbol Address After reset

S N S A A S S - CM1 000716 001000002
P01 [ Bitsymbol Bit Function RW
Y CM10 | All clock stop control bit | 0 : Clock on RW
A (Notes 4, 5) 1 : All clocks off (stop mode)
e (m” Reserved bit Must set to “0” RW
XIN-XouT drive capacity 0:LOW
I il cM15 select bit (Note 2) 1: HIGH RW
' ' b7 b6
AL LLETTTEEEERE cM16 Main clock division 0 0 : No division mode RwW
: select bit 1 (Note 3) 0 1 : Division by 2 mode
P CM17 1 0 : Division by 4 mode

11 : Division by 16 mode RW

Note 1: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable).

Note 2: When entering stop mode from high or middle speed mode, or when the CMO5 bit is set to “1” (main clock turned off) in low
speed mode, the CM15 bit is set to “1” (drive capability high).

Note 3: Effective when the CMO06 bit is “0” (CM16 and CM17 bits enable).

Note 4: If the CM10 bit is “1” (stop mode), XouT goes “H” and the internal feedback resistor is disconnected. The XciN and XcouT
pins are placed in the high-impedance state.

Note 5: When the PM21 bit of PM2 register is set to “1” (clock modification disable), writing to the CM10 bits has no effect.

Figure 4.3 CM1 Register

Rev.2.10  Oct25,2006 Page280f326 RENESAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 4. CLOCK GENERATION CIRCUIT

Peripheral clock select register (Note)

o ve ven te v DUTE {OsEre 000000712
16 2
lofofofofofo] | |
Bit symbol Bit name Function RW

PCLKO Timers A, B clock select bit .
0:f2

(Clock source for the .

. 1:f1

timers Aand B

PCLK1 SI/O clock select bit 0 : fosio
(Clock source for UARTO - f1s10 RW
to UART2, SI/O3, SI/04)

-

"""""""""""" — Reserved bit “0”
(b7-b2) Must set to “0 RW

Note: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable).

Processor mode register 2 (Note 1)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After reset

0 | 0 | 0 | | 0 | PM2 001E16 XXX000002
Bit symbol Bit name Function RW
S Y Reserved bit Must set to 0"
EEEEE R
O A PM21 System clock protective | g : Clock is protected by PRCR
A bit register RW
A (Note 2, Note 3) | 1 . Clock modification disabled
Coo T _ Reserved bit “q
(b4-b2) Must set to “O RwW
B RREEEEEEEEEEEE — Nothing is assigned. When write, set to “0”. When read, its .

(b7-b5) content is indeterminate.

Note 1: Write to this register after setting the PRC1 bit of PRCR register to “1” (write enable).
Note 2: Once this bit is set to “1”, it cannot be cleared to “0” in a program.
Note 3: If the PM21 bit is set to “1,” writing to the following bits has no effect.

CMO02 bit of CMO register

CMO05 bit of CMO register (main clock is not halted)

CMO7 bit of CMO register (CPU clock source does not change)

CM10 bit of CM1 register (stop mode is not entered)

Figure 4.4 PCLKR Register and PM2 Register
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4.1 Oscillator Circuit

The following describes the clocks generated by the clock generation circuit.
Two oscillation circuits are built in the clock generating circuit, and a main clock or a sub clock can be chosen as a
CPU clock by setup of the STARTB pin after reset.

411 Main Clock

This clock is used as the clock source for the CPU and peripheral function clocks. The main clock oscillator
circuit is configured by connecting a resonator between the XIN and XOUT pins. The main clock oscillator
circuit contains a feedback resistor, which is disconnected from the oscillator circuit during stop mode in order
to reduce the amount of power consumed in the chip. The main clock oscillator circuit may also be configured
by feeding an externally generated clock to the XIN pin. Figure 4.5 shows the examples of main clock
connection circuit.

When the level on the STARTB pin is “L”, the main clock divided by 8 is selected for the CPU clock (Sub
clock turned off) after reset.

The power consumption in the chip can be reduced by setting the CMO05 bit of CMO register to “1” (main clock
oscillator circuit turned off) after switching the clock source for the CPU clock to a sub clock. In this case,
XouT goes “H”. Furthermore, because the internal feedback resistor remains on, XIN is pulled “H” to XOUT via
the feedback resistor. Note that if an externally generated clock is fed into the XIN pin, the main clock cannot be
turned off by setting the CMOS5 bit to “1” without selecting sub clock for the CPU clock. If necessary, use an
external circuit to turn off the clock.

During stop mode, all clocks including the main clock are turned off. Refer to “power control”.

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

Open
(Note)
Rd

Externally derived clock
+—
ICIN T __Cour Vce |—| |—| |_| |_
— — Vss

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XIN
and XouT following the instruction.

Figure 4.5 Examples of Main Clock Connection Circuit
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41.2 Sub Clock

The sub clock is generated by the sub clock oscillation circuit. This clock is used as the clock source for the
CPU clock, as well as the timer A and timer B count sources. In addition, an fc clock with the same frequency
as that of the sub clock can be output from the CLKOUT pin.

The sub clock oscillator circuit is configured by connecting a crystal resonator between the XCIN and XCOUT
pins. The sub clock oscillator circuit contains a feedback resistor, which is disconnected from the oscillator
circuit during stop mode in order to reduce the amount of power consumed in the chip. The sub clock oscillator
circuit may also be configured by feeding an externally generated clock to the XCIN pin.

Figure 4.6 shows the examples of sub clock connection circuit.

When the level on the STARTB pin is “L ”, the sub clock is turned off after reset. At this time, the feedback
resistor is disconnected from the oscillator circuit.

To use the sub clock for the CPU clock, set the CM07 bit of CMO register to “1 ” (sub clock) after the sub clock
becomes oscillating stably.

When a STARTB pin is “H 7, the sub clock (XCIN) divided by 8 becomes the CPU clock after reset (the main
clock stops). When you use a main clock after this, please shift according to the procedure shown in Fig. 4.7.
During stop mode, all clocks including the sub clock are turned off. Refer to “power control”.

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

Open
(Note)
Rcd
Externally derived clock
+—0
i CeN Ccour Vee J_|_|_|_|_|_|_

— — Vss

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XCIN
and Xcour following the instruction.

Figure 4.6 Examples of Sub Clock Connection Circuit
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Using the main clock from the sub clock as CPU clock
source.

Set the CMO7 bit to “1” (sub clock).

Set the CMO05 bit to “0” (oscillating).

Waits until the main clock becomes stable.

Set the CMO07 bit to “0” (main clock). (note1)

Set the main clock division ratio.
Set the CM17 to the CM16 bits to “002,” set the CMO06 bit to
“0.” (CM16 bit and CM17 bit are effective) (notes 2.)

< END >

Note 1: Change After the oscillation of the main clock becomes stable enough.
Note 2: Setting No division of the main clock is shown.
Change CMO06 after changing CM17 and CM16.

Figure 4.7 Procedure to Use the Main Clock from the Sub Clock as CPU Clock Source
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4.2

CPU Clock and Peripheral Function Clock

Two type clocks: CPU clock to operate the CPU and peripheral function clocks to operate the peripheral functions.

421 CPU Clock and BCLK

These are operating clocks for the CPU and watchdog timer.

The clock source for the CPU clock can be chosen to be the main clock or sub clock.

If the main clock is selected as the clock source for the CPU clock, the selected clock source can be divided by
1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use the CMO06 bit in CMO register and the CM17 to
CM16 bits in CM1 register to select the divide-by-n value.

When the level on the STARTB pin is “H”, the main clock divided by 8 provides the CPU clock after reset.
When the level on the STARTB pin is “L”, the sub clock of frequency divided by 8 provides the CPU clock
after reset.

At this time, the CM04 bit and the CMO05 bit of CMO register become “1” .

Note that when entering stop mode from high or middle speed mode, or when the CMO05 bit of CMO register is
set to “1” (main clock turned off) in low-speed mode, the CMO06 bit of CMO register is set to “1” (divide-by-8
mode).

4.2.2 Peripheral Function Clock(f1, f2, fs, f32, f1sio, f2sio, fssio, f32sio, fAD, fc32)

4.3

These are operating clocks for the peripheral functions.

Of'these, fi (1= 1, 2, 8, 32) and fiSIO are derived from the main clock by dividing them by i. The clock fi is used
for timers A and B, and fisIO is used for serial I/O. The f8 and 32 clocks can be output from the CLKOUT pin.
The fAD clock is produced from the main clock, and is used for the A/D converter.

When the WAIT instruction is executed after setting the CMO02 bit of CMO register to “1” (peripheral function
clock turned off during wait mode), or when the microcomputer is in low power dissipation mode, the fi, fiSIO
and fAD clocks are turned off.

The fc32 clock is produced from the sub clock, and is used for timers A and B. This clock can be used when the
sub clock is on.

Clock Output Function

During single-chip mode, the f8, £32 or fC clock can be output from the CLKOUT pin. Use the CM01 to CMO00 bits of
CMO register to select.
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4.4 Power Control

There are three power control modes. For convenience’ sake, all modes other than wait and stop modes are referred
to as normal operation mode here.

441 Normal Operation Mode

Normal operation mode is further classified into four modes.
In normal operation mode, because the CPU clock and the peripheral function clocks both are on, the CPU and
the peripheral functions are operating. Power control is exercised by controlling the CPU clock frequency. The
higher the CPU clock frequency, the greater the processing capability. The lower the CPU clock frequency, the
smaller the power consumption in the chip. If the unnecessary oscillator circuits are turned off, the power
consumption is further reduced.
Before the clock sources for the CPU clock can be switched over, the new clock source to which switched must
be oscillating stably. If the new clock source is the main clock or sub clock, allow a sufficient wait time in a
program until it becomes oscillating stably.
* High-speed Mode
The main clock divided by 1 provides the CPU clock. If the sub clock is on, fC32 can be used as the count
source for timers A and B.

* Medium-speed Mode
The main clock divided by 2, 4, 8 or 16 provides the CPU clock. If the sub clock is on, fC32 can be used as the
count source for timers A and B.

* Low-speed Mode
The sub clock provides the CPU clock. The main clock is used as the clock source for the peripheral function
clock.
The fc32 clock can be used as the count source for timers A and B.

* Low Power Dissipation Mode
In this mode, the main clock is turned off after being placed in low speed mode. The sub clock provides the
CPU clock. The fc32 clock can be used as the count source for timers A and B.
Simultaneously when this mode is selected, the CMO06 bit of CMO register becomes “1” (divided by 8 mode).
In the low power dissipation mode, do not change the CM06 bit. Consequently, the medium speed (divided by
8) mode is to be selected when the main clock is operated next.
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4.4.2 Wait Mode

In wait mode, the CPU clock is turned off, so are the CPU (because operated by the CPU clock) and the
watchdog timer. Because the main clock and sub clock are on, the peripheral functions using these clocks keep
operating.
* Peripheral Function Clock Stop Function
If the CMO02 bit is “1” (peripheral function clocks turned off during wait mode), the f1, 2, £8, {32, f1SIO, f8SIO,
32510 and fAD clocks are turned off when in wait mode, with the power consumption reduced that much.
However, fC32 remains on.

* Entering Wait Mode
The microcomputer is placed into wait mode by executing the WAIT instruction.

* Pin Status During Wait Mode
Pin Status During Wait Mode is shown in Table 4.2.

* Exiting Wait Mode
The microcomputer is moved out of wait mode by a hardware reset, NMI interrupt or peripheral function
interrupt.
If the microcomputer is to be moved out of exit wait mode by a hardware reset or NMI interrupt, set the
peripheral function interrupt priority ILVL2 to ILVLO bits to “0002” (interrupts disabled) before executing the
WAIT instruction.
The peripheral function interrupts are affected by the CMO02 bit. If CMO02 bit is “0” (peripheral function clocks
not turned off during wait mode), all peripheral function interrupts can be used to exit wait mode. If CM02 bit
is “1” (peripheral function clocks turned off during wait mode), the peripheral functions using the peripheral
function clocks stop operating, so that only the peripheral functions clocked by external signals can be used to
exit wait mode.

Rev.2.10  Oct25,2006 Page350f326 2RENESAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP

4. CLOCK GENERATION CIRCUIT

Table 4.2 Pin Status During Wait Mode
Pin Single-chip mode
Ao to A1e, Do to D1s, CSO to CS3,
BHE
HLDA,BCLK
ALE
I/O ports Retains status before wait mode
CLKouTt When fc selected Does not stop
When fs, f32 selected | Does not stop when the CM02
bit is “0”.
When the CMO02 bit is “1”, the
status immediately prior to
entering wait mode is main-
tained.
Table 4.3 Interrupts to Exit Wait Mode
Interrupt CM02=0 CMO02=1
NMI interrupt Can be used Can be used

Serial I/O interrupt

Can be used when operating
with internal or external clock

Can be used when operating
with external clock

A-D conversion
interrupt

Can be used in one-shot mode
or single sweep mode

— (Do not use)

Timer A interrupt
Timer B interrupt

Can be used in all modes

Can be used in event counter
mode or when the count
source is fC32

INT interrupt

Can be used

Can be used

Table 4.3 lists the interrupts to exit wait mode.

If the microcomputer is to be moved out of wait mode by a peripheral function interrupt, set up the following
before executing the WAIT instruction.

(1) In the ILVL2 to ILVLO bits of interrupt control register, set the interrupt priority level of the peripheral
function interrupt to be used to exit wait mode. Also, for all of the peripheral function interrupts not used to
exit wait mode, set the ILVL2 to ILVLO bits to “0002” (interrupt disable).

(2) Setthe I flag to “1”.

(3) Enable the peripheral function whose interrupt is to be used to exit wait mode. In this case, when an
interrupt request is generated and the CPU clock is thereby turned on, an interrupt routine is executed.

The CPU clock turned on when exiting wait mode by a peripheral function interrupt is the same CPU clock that
was on when the WAIT instruction was executed.
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44.3 Stop Mode

In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function clocks.
Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The least amount of
power is consumed in this mode. If the voltage applied to Vcc pins is VRAM or more, the internal RAM is
retained.

However, the peripheral functions clocked by external signals keep operating. The following interrupts can be
used to exit stop mode.

* NMI interrupt
* INT interrupt
* Timer A, Timer B interrupt (when counting external pulses in event counter mode)

* Serial I/O interrupt (when external clock is selected)
The internal oscillator circuit of expansion function (Data acquisition / humming function) stops oscillation
when expansion register XTAL VCO, PDC_VCO _ON, VPS VCO ON="L".

¢ Entering Stop Mode
The microcomputer is placed into stop mode by setting the CM 10 bit of CM1 register to “1” (all clocks turned
off). At the same time, the CMO06 bit of CMO register is set to “1” (divide-by-8 mode) and the CM15 bit of
CMI register is set to “1” (main clock oscillator circuit drive capability high).

* Pin Status in Stop Mode
Table 4.4 lists pin status during stop mode

* Exiting Stop Mode

The microcomputer is moved out of stop mode by a hardware reset, NMI interrupt or peripheral function

interrupt.

If the microcomputer is to be moved out of stop mode by a hardware reset or NMI interrupt, set the peripheral

function interrupt priority ILVL2 to ILVLO bits to “0002” (interrupts disable) before setting the CM 10 bit to

“17,

If the microcomputer is to be moved out of stop mode by a peripheral function interrupt, set up the following

before setting the CM10 bit to “1”.

(1) In the ILVL2 to ILVLO bits of interrupt control register, set the interrupt priority level of the peripheral
function interrupt to be used to exit stop mode.
Also, for all of the peripheral function interrupts not used to exit stop mode, set the ILVL2 to ILVLO bits to
“0002”.

(2) Set the I flag to “1”.

(3) Enable the peripheral function whose interrupt is to be used to exit stop mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an interrupt
service routine is executed.

Which CPU clock will be used after exiting stop mode by a peripheral function or NMI interrupt is determined
by the CPU clock that was on when the microcomputer was placed into stop mode as follows:

If the CPU clock before entering stop mode was derived from the sub clock: sub clock

If the CPU clock before entering stop mode was derived from the main clock: main clock divide-by-8
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Table 4.4 Pin Status in Stop Mode

Pin Single-chip mode

Ao to A1e, Do to D15, CS0O to CS3,
BHE

RD, WR, WRL, WRH
HLDA, BCLK
ALE

1/0 ports Retains status before stop mode
CLKout When fc selected “H”

When fs, f32 selected Retains status before stop mode
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Figure 4.8 shows the state transition from normal operation mode to stop mode and wait mode.
Figure 4.9 shows the state transition in normal operation mode.

All oscillators stopped

Reset

CM10=1

» Stopmode = | [
Interrupt

A 4

Medium-speed mode

WAIT

instruction CPU operation stopped

Y Cvormase
Interrupt

(divided-by-8 mode)
/ A A
Interrupt WAIT
gmgé:? / v instruction
CMO05=0 Stop mode < High-speed, medium- \ 4’
CM10=1 speed mode Interrupt
(Note 2) CM10=1 A
When
low power |When
dissipation ||ow-
mode speed
mode WAIT
CM10=1 v instruction
— Low-speed, low power 5 E— i
Stop mode »(  gissipation mode /‘_W Wait mode
Interrupt
—— Normal mode ———
Figure 4.8 State Transition to Stop Mode and Wait Mode
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Main clock oscillation

Middle-speed mode Middle-speed mode  Middle-speed mode Middle-speed mode

|
High-speed mode | (divide by 2) (divide by 4) (divide by 8) (divide by 16)
CPU clock: f(XiN) \ | { CPU clock: f(XiN)/2 CPU clock: f(XIN)/4 CPU clock: f(XIN)/8 CPU clock: f(XIN)/16
CMO07=0 | CMO07=0 CMO07=0 CMO07=0
| CMO07=0
CM06=0 CM06=0 CM06=0 CMO06=0
CM17=0 | CM17=0 CM17=1 CMO6=1 CM17=1
CM16=0 : CM16=1 CM16=0 - CM16=1
4
CM04=1 CM04=0

. } Middle-speed mode Middle-speed mode  Middle-speed mode Middle-speed mode
High-speed mode | (divide by 2) (divide by 4) (divide by 8) (divide by 16)
CPU clock: f(XIN) I CPU clock: f(XiN)/2 CPU clock: f(XiN)/4 CPU clock: f(XIN)/8 CPU clock: f(XIN)/16

CMO07=0 I CMO07=0 CMO07=0 CM07=0 CMO07=0
CM06=0 | CM06=0 CM06=0 h CM06=0
CM17=0 | CM17=0 CM17=1 CM06=1 CM17=1
CM16=0 : CM16=1 CM16=0 CM16=1
CMO07=1 CM07=0
(Note 2) Note 1, Note 3)
L Low-speed mode
CPU clock: f(XcIN)
CMO07=0
[
CMO05=1 CMO05=0
¥ Low power dissipation mode
CPU clock: f(XcIN)
CM07=0
CM06=1
CM15=1

Sub clock oscillation

Notes:

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

4: Transit in accordance with arrow.

Figure 4.9 State Transition in Normal Mode
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4.5 System Clock Protective Function

When the main clock is selected for the CPU clock source, this function disables the clock against modifications in
order to prevent the CPU clock from becoming halted by run-away.
If the PM21 bit of PM2 register is set to “1” (clock modification disabled), the following bits are protected against
writes:

* CM02, CMO05, and CMO7 bits in CMO register

* CM10, CM11 bits in CM1 register

Before the system clock protective function can be used, the following register settings must be made while the
CMOS5 bit of CMO register is “0” (main clock oscillating) and CMO07 bit is “0” (main clock selected for the CPU
clock source):

(1) Set the PRC1 bit of PRCR register to “1” (enable writes to PM2 register).

(2) Set the PM21 bit of PM2 register to “1” (disable clock modification).

(3) Set the PRCI1 bit of PRCR register to “0” (disable writes to PM2 register).
Do not execute the WAIT instruction when the PM21 bit is “1”.
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5. Protection

In the event that a program runs out of control, this function protects the important registers so that they will not be
rewritten easily. Figure 5.1 shows the PRCR register. The following lists the registers protected by the PRCR register.
* Registers protected by PRCO bit: CM0, CM1 and PCLKR registers
* Registers protected by PRC1 bit: PM0, PM1 and PM2 registers
* Registers protected by PRC2 bit: PD9, S3C and S4C registers

Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be cleared to “0” (write
protected). The registers protected by the PRC2 bit should be changed in the next instruction after setting the PRC2 bit
to “1”. Make sure no interrupts or DMA transfers will occur between the instruction in which the PRC2 bit is set to “1”
and the next instruction. The PRCO and PRC1 bits are not automatically cleared to “0” by writing to any address. They
can only be cleared in a program.

Protect register

b7 b6 b5 b4 b3 b2 b1 bo

|><|><| 0| 0| 0 | | | | Symbol Address After reset

NN ) G PRCR 000A16 XX0000002
N =T symbol Bit name Function RW
- E E v PRCO Protect bit 0 Enable write to CM0, CM1 and
i ; : ' ; o PCLKR registers
e . RW
T R 0 : Write protected
v 1 : Write enabled
S R Enable write to PMO, PM1 and
A PRC1 Protect bit 1 PM2 registers
. 0 : Write protected RW
A 1 : Write enabled
Enable write to PD9, S3C and
R R PRC2 Protect bit 2 S4C registers W
i : ' : : 0 : Write protected
T 1 : Write enabled
Do e (b5-b3) Reserved bit Must set to “0 RW
:L 1 Nothing is assigned. When write, set to “0”. When read, its

"""""""""""" (b7-b6) content is interdeterminate. i

Note: The PRC2 bit is set to “0” by writing to any address after setting it to “1”. Other bits are not set to “0”
by writing to any address, and must therefore be set in a program.

Figure 5.1 PRCR Register
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6. Interrupts

6.1 Type of Interrupts
Figure 6.1 shows types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software
(Non-maskable interrupt)

Interrupt
NMI

DBC (Note 2)
Special ——mM— Watchdog timer
(Non-maskable interrupt) | - Single step (Note 2)
Address match

Hardware

Peripheral function (Note 1)
(Maskable interrupt)

Note 1: Peripheral function interrupts are generated by the microcomputer's internal functions.
Note 2: Do not normally use this interrupt because it is provided exclusively for use by development
support tools.

Figure 6.1 Interrupts

* Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag (I flag) or whose

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

whose interrupt priority cannot be changed by priority level.
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6.2 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 O flag set to “1” (the operation
resulted in an overflow). 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 Instruction Interrupt

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. 0 to 63 can
be specified for the INT instruction. Because software interrupt Nos. 4 to 31 are assigned to peripheral
function interrupts, the same interrupt routine as for peripheral function interrupts can be executed by
executing the INT instruction.

In software interrupt Nos. 0 to 31, the U flag is saved to the stack during instruction execution and is cleared to
“0” (ISP selected) before executing an interrupt sequence. The U flag is restored from the stack when
returning from the interrupt routine. In software interrupt Nos. 32 to 63, the U flag does not change state
during instruction execution, and the SP then selected is used.
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6.3 Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral function interrupts.

* Special Interrupts
Special interrupts are non-maskable interrupts.
(1) NMI Interrupt
An NMI interrupt is generated when input on the NMI pin changes state from high to low. For details about
the NMI interrupt, refer to the section "NMI interrupt".
(2) DBC Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development support tools.
(3) Watchdog Timer Interrupt
Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize the
watchdog timer. For details about the watchdog timer, refer to the section "watchdog timer".
(4) Single-step Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development support tools.
(5) Address Match Interrupt
An address match interrupt is generated immediately before executing the instruction at the address indicated
by the RMADO to RMAD?3 register that corresponds to one of the AIER register’s AIERO or AIER1 bit or the
AIER?2 register’s AIER20 or AIER21 bit which is "1" (address match interrupt enabled). For details about the
address match interrupt, refer to the section "address match interrupt".

* Peripheral Function Interrupts
Peripheral function interrupts are maskable interrupts and generated by the microcomputer's internal
functions. The interrupt sources for peripheral function interrupts are listed in Table 6.2. For details about the
peripheral functions, refer to the description of each peripheral function in this manual.
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6.4 Interrupts and Interrupt Vector

One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective interrupt
vectors. When an interrupt request is accepted, the CPU branches to the address set in the corresponding interrupt
vector. Figure 6.2 shows the interrupt vector.

MSB LSB
Vector address (L) Low address
Mid address
0000 High address
Vector address (H) 0000 0000

Figure 6.2 Interrupt Vector

* Fixed Vector Tables
The fixed vector tables are allocated to the addresses from FFFDC16 to FFFFF16. Table 6.1 lists the fixed
vector tables. In the flash memory version of microcomputer, the vector addresses (H) of fixed vectors are
used by the ID code check function. For details, refer to the section "flash memory rewrite disabling function".

Table 6.1 Fixed Vector Tables

Interrupt source Vector table addresses Remarks Reference
Address (L) to address (H)
Undefined instruction| FFFDC16 to FFFDF16 | Interrupt on UND instruction M16C/60, M16C/20
Overflow FFFEO16 to FFFE316 | Interrupt on INTO instruction series software
BRK instruction FFFE416 to FFFE716 | If the contents of address manual

FFFE716 is FF16, program ex-
ecution starts from the address
shown by the vector in the
relocatable vector table.

Address match FFFE816 to FFFEB16 Address match interrupt
Single step (Note) FFFEC16 to FFFEF 16
Watchdog timer FFFFO16 to FFFF316 Watchdog timer
DBC (Note) FFFF416 to FFFF716
NMI FFFF816 to FFFFB16 NMI interrupt
Reset FFFFC16 to FFFFF16 Reset
Note: Do not normally use this interrupt because it is provided exclusively for use by development sup-
port tools.
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* Relocatable Vector Tables
The 256 bytes beginning with the start address set in the INTB register comprise a reloacatable vector table
area. Table 6.2 lists the relocatable vector tables. Setting an even address in the INTB register results in the
interrupt sequence being executed faster than in the case of odd addresses.

Table 6.2 Relocatable Vector Tables

Interrupt source Vector address (Note 1) Software interrupt
Address (L) to address (H) number Reference
BRK instruction (Note 5) +0 to +3 (000016 to 000316) 0 M16C/60, M16C/20
series software
—  (Reserved) 1t03 manual
INT3 +16 to +19 (001016 to 001316) 4 INT interrupt
Timer B5/SLICE ON (Note 7) +20 to +23 (001416 to 001716) 5 Timer
Timer B4/Remote control, UART1 bus +24 to +27 (001816 to 001B16) 6 ]
collision detect (Note 4, Note 6, Note 7) Timer
Serial 1/0
Timer B3/HINT, UARTO bus collision | 28 t0 +31(001C16 to 001F16) 7
detect (Note 4, Note 6, Note 7)
SI/04, INT5 (Note 2) +32 to +35 (002016 to 002316) 8 INT interrupt
SI/O3, INT4 (Note 2) +36 to +39 (002416 to 002716) 9 Serial I/0
UART 2 bus collision detection +40 to +43 (002816 to 002B16) 10 Serial I/0
DMAO +44 to +47 (002C16 to 002F 16) 1"
DMAC
DMA1 +48 to +51 (003016 to 003316) 12
A/D +56 to +59 (003816 to 003B16) 14 A/D converter
UART?2 transmit, NACK2 (Note 3) +60 to +63 (003C16 to 003F16) 15
UART2 receive, ACK2 (Note 3) +64 to +67 (004016 to 004316) 16
UARTO transmit, NACKO(Note 3) +68 to +71 (004416 to 004716) 17
Serial 1/0
UARTO receive, ACKO (Note 3) +72 to +75 (004816 to 004B16) 18
UART1 transmit, NACK1(Note 3) +76 to +79 (004C16 to 004F16) 19
UART1 receive, ACK1(Note 3) +80 to +83 (005016 to 005316) 20
Timer AO +84 to +87 (005416 to 005716) 21
Timer A1 +88 to +91 (005816 to 005B16) 22
Timer A2 +92 to +95 (005C16 to 005F 16) 23
Timer A3 +96 to +99 (006016 to 006316) 24
Timer
Timer A4/Multi-master 12C (Note 9) | +100 to +103 (006416 to 006716) 25
Timer BO +104 to +107 (006816 to 006B16) 26
Timer B1 +108 to +111 (006C16 to 006F 16) 27
Timer B2/Clock timer (Note 7) +112 to +115 (007016 to 007316) 28
INTO +116 to +119 (007416 to 007716) 29
INT1 +120 to +123 (007816 to 007B16) 30 INT interrupt
INT2/Remote control transmission (Note 8) | +124 to +127 (007C16 to 007F 16) 31
+128 to +131 (008016 to 008316) 32 M16C/60, M16C/20
Software interrupt  (Note 5) to to series software
+252 to +255 (00FC16 to 00FF16) 63 manual

Notes 1: Address relative to address in INTB
Notes 2: Use the IFSR register's IFSR6 and IFSRY bits to select.
Notes 3: During I2C mode, NACK and ACK interrupts comprise the interrupt source.
Notes 4: Use the IFSR2A register's IFSR26 and IFSR27 bits to select.
Notes 5: These interrupts cannot be disabled using the I flag.
Notes 6: Bus collision detection : During IE mode, this bus collision detection constitutes the cause of an interrupt.
During I2C mode, however, a start condition or a stop condition detection
constitutes the cause of an interrupt.
Notes 7: When you use SLICEON, remote control, HINT and clock timer interruption, refer to address 3616 expansion
register of “14. Expansion Function”
Notes 8: Please refer to address 3E16 of the expansion register of “14. Expansion Function” when you use the remote
control transmission interrupt.
Notes 9: Please refer to the 12C0 interrupt control register of “11 multi-master 12C-BUS interface” (address 02D616) when
you use multi master 12C interrupt.
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6.5 Interrupt Control

The following describes how to enable/disable the maskable interrupts, and how to set the priority in which order
they are accepted. What is explained here does not apply to nonmaskable interrupts.

Use the FLG register’s I flag, IPL, and each interrupt control register’s ILVL2 to ILVLO bits to enable/disable the
maskable interrupts. Whether an interrupt is requested is indicated by the IR bit in each interrupt control register.
Figure 6.3 shows the interrupt control registers.

Rev.2.10  Oct25,2006 Page480f326 RENESAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 6.INTERRUPTS

Interrupt control register (Note 2)

Symbol Address After reset
TB5IC 004516 XXXXX0002
TB4IC/U1BCNIC (Note 3) 004616 XXXXX0002
TB3IC/UOBCNIC (Note 3) 004716 XXXXX0002
BCNIC 004A16 XXXXX0002
DMOIC, DM1IC 004B16, 004C16 XXXXX0002
ADIC 004E16 XXXXX0002
SOTIC to S2TIC 005116, 005316, 004F 16 XXXXX0002
SORIC to S2RIC 005216, 005416, 005016 XXXXX0002
b7 b6 b5 b4 b3 b2 bl b0 TAOIC to TA4IC 005516 to 005916 XXXXX0002
TBOIC to TB2IC 005A16 to 005C16 XXXXX0002
Bit symbol Bit name Function RW
ILVLO Interrupt priority level
select bit b2 b1 b0 ) ) RW
000: Level O (interrupt disabled)
001: Level1
010: Level 2
VLT 011: Level 3 RW
100: Level 4
101: Level 5
ILVL2 110: Level 6
111: Level 7 RW
IR Interrupt request bit 0 : Interrupt not requested RW
1: Interrupt requested (Note 1)
_ No functions are assigned.
When writing to these bits, write “0”. The values in these bits i
(b7-b4) when read are indeterminate.

Note 1: This bit can only be reset by writing "0" (Do not write "1").

Note 2: To rewrite the interrupt control registers, do so at a point that does not generate the interrupt request for that
register. For details, see the precautions for interrupts.

Note 3: Use the IFSR2A register to select.

Symbol Address After reset

INT3IC 004416 XX00X0002

b7 b6 b5 b4 b3 b2 b1 b0 S4IC/INT5IC 004816 XX00X0002
0| | | | | | S3IC/INT4IC 004916 XX00X0002

INTOIC to INT2IC ~ 005D16 to 005F16  XX00X0002

Bit symbol Bit name Function RW
. ILVLO Interrupt priority level b2 b1 b0
o select bit X X RW
R 000 : Level O (interrupt disabled)
. 001:Level1
oo ILVLA 010:Level 2
[ 011:Level3
Do 100: Level 4 RW
. 101:Level5
o] ILVL2 110:Level 6
111:Level 7 RW
S IR Interrupt request bit 0: Interrupt not requested RW
1: Interrupt requested (Note 1)
_______________ POL Polarity select bit 0 : Selects falling edge (Notes 3, 4)
1 : Selects rising edge RW
------------------ —_— Reserved bit Must always be set to “0” RW
________________________ —_— No functions are assigned.
(b7-b6) When writing to these bits, write “0”. The values in these bits RW
when read are indeterminate.

Note 1: This bit can only be reset by writing "0" (Do not write "1").

Note 2: To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register. For details, see the precautions for interrupts.

Note 3: If the IFSR register’s IFSRi bit (i = 0 to 5) is "1" (both edges), set the INTiIC register's POL bit to "0 "(falling
edge).

Note 4: Set the S3IC or S4IC register's POL bit to "0" (falling edge) when the IFSR register’s IFSR6 bit = 0 (SI/0O3
selected) or IFSR7 bit = 0 (SI/0O4 selected), respectively

Figure 6.3 Interrupt Control Registers

Rev.2.10  Oct25,2006 Page490f326 2 RENESAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 6.INTERRUPTS

6.6 | Flag

The I flag enables or disables the maskable interrupt. Setting the I flag to “1” (= enabled) enables the maskable
interrupt. Setting the I flag to “0” (= disabled) disables all maskable interrupts.

6.7 IR Bit

The IR bit is set to “1” (= interrupt requested) when an interrupt request is generated. Then, when the interrupt
request is accepted and the CPU branches to the corresponding interrupt vector, the IR bit is cleared to “0” (=
interrupt not requested).

The IR bit can be cleared to “0” in a program. Note that do not write “1” to this bit.

6.8 ILVL2 to ILVLO Bits and IPL

Interrupt priority levels can be set using the ILVL2 to ILVLO bits.

Table 6.3 shows the settings of interrupt priority levels and Table 6.4 shows the interrupt priority levels
enabled by the IPL.

The following are conditions under which an interrupt is accepted:
*I flag="“1"
*IR bit="1"
* interrupt priority level > IPL

The I flag, IR bit, ILVL2 to ILVLO bits and IPL are independent of each other. In no case do they affect one another.

Table 6.3 Settings of Interrupt Priority Table 6.4 Interrupt Priority Levels Enabled
Levels by IPL

ILVL2 to ILVLO bits InterrLIJé)\}eplriority Pc:irggtry IPL Enabled interrupt priority levels
0002 Level O (interrupt disabled) - 0002 Interrupt levels 1 and above are enabled
0012 Level 1 Low 0012 Interrupt levels 2 and above are enabled
0102 Level 2 0102 Interrupt levels 3 and above are enabled
0112 Level 3 0112 Interrupt levels 4 and above are enabled
1002 Level 4 1002 Interrupt levels 5 and above are enabled
1012 Level 5 1012 Interrupt levels 6 and above are enabled
1102 Level 6 ' 1102 Interrupt levels 7 and above are enabled
1112 Level 7 High 1112 All maskable interrupts are disabled
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6.9 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.

The CPU behavior during the interrupt sequence is described below. Figure 6.4 shows time required for executing
the interrupt sequence.

(1) The CPU gets interrupt information (interrupt number and interrupt request priority level) by reading the
address 0000016. Then it clears the IR bit for the corresponding interrupt to “0” (interrupt not requested).
(2) The FLG register immediately before entering the interrupt sequence is saved to the CPU’s internal temporary
register(Note 1).
(3) The I, D and U flags in the FLG register become as follows:
The I flag is cleared to “0” (interrupts disabled).
The D flag is cleared to “0” (single-step interrupt disabled).
The U flag is cleared to “0” (ISP selected).
However, the U flag does not change state if an INT instruction for software interrupt Nos. 32 to 63 is executed.
(4) The CPU’s internal temporary register (Note 1) is saved to the stack.
(5) The PC is saved to the stack.
(6) The interrupt priority level of the accepted interrupt is set in the IPL.
(7) The start address of the relevant interrupt routine set in the interrupt vector is stored in the PC.

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

Note: This register cannot be used by user.

CPU clock
Address bus X%%%r&%s >< Indeterminate (Note 1) >< SP-2 >< SP-4 >< vec >< vec+2 >< PC
Data bus Interrupt i SP-2 SP-4 vec vec+2
><inf0rmati0n>< Indeterminate (Note 1) >< contents Xcontents Xcontents >< contents ><

RD UY Indeterminate (Note 1) y u u

R (Note 2) u u

Note 1 : The indeterminate state depends on the instruction queue buffer. A read cycle occurs when
the instruction queue buffer is ready to accept instructions.
Note 2 : The WR signal timing shown here is for the case where the stack is located in the internal RAM.

Figure 6.4 Time Required for Executing Interrupt Sequence
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6.10 Interrupt Response Time

Figure 6.5 shows the interrupt response time. The interrupt response or interrupt acknowledge time denotes a time
from when an interrupt request is generated till when the first instruction in the interrupt routine is executed.
Specifically, it consists of a time from when an interrupt request is generated till when the instruction then
executing is completed ((a) in Figure 6.5) and a time during which the interrupt sequence is executed ((b) in Figure

6.5).
Interrupt request generated  Interrupt request acknowledged
4} 4} — Time
Instruction Interrupt sequence . Instruction i.n
interrupt routine
a b
< (a) -l (b) -
Interrupt response time

(a) A time from when an interrupt request is generated till when the instruction then
executing is completed. The length of this time varies with the instruction being
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles
(without wait state, the divisor being a register).

(b) A time during which the interrupt sequence is executed. For details, see the table
below. Note, however, that the values in this table must be increased 2 cycles for the
DBC interrupt and 1 cycle for the address match and single-step interrupts.

Interrupt vector address | SP value | 16-Bit bus, without wait | 8-Bit bus, without wait
Even Even 18 cycles 20 cycles
Even Odd 19 cycles 20 cycles
Odd Even 19 cycles 20 cycles
Odd Odd 20 cycles 20 cycles
Figure 6.5 Interrupt response time

6.11  Variation of IPL when Interrupt Request is Accepted

When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL.
When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels listed in Table
6.5 is set in the IPL. Shown in Table 6.5 are the IPL values of software and special interrupts when they are

accepted.

Table 6.5 IPL Level That is Set to IPL When A Software or Special Interrupt Is Accepted

Interrupt sources

Level that is set to IPL

Watchdog timer, NMI

7

Software, address match, DBC, single-step

Not changed
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6.12 Saving Registers

In the interrupt sequence, the FLG register and PC are saved to the stack.
At this time, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bits of the FLG register, 16
bits in total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved. Figure 6.6 shows the stack

status before and after an interrupt request is accepted.

The other necessary registers must be saved in a program at the beginning of the interrupt routine. Use the PUSHM
instruction, and all registers except SP can be saved with a single instruction.

Address Stack Address Stack
MSB LSB MSB LSB
[SP]
m-4 m-4 PCL -« New SP value
m-3 m-3 PCwu
m-—2 m-2 FLGL
m-—1 m-1 FLGH PCH
[SP]
m Content of previous stack |« alt:e\r/fulgte Ot:;if::: m Content of previous stack
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 6.6 Stack Status 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 SP(Note), at the
time of acceptance of an interrupt request, is even or odd. If the stack pointer (Note) is even, the FLG register and the
PC are saved, 16 bits at a time. If odd, they are saved in two steps, 8 bits at a time. Figure 6.7 shows the operation

of the saving registers.

Note: When any INT instruction in software numbers 32 to 63 has been executed, this is the SP indicated by the U

flag. Otherwise, it is the ISP.

(1) SP contains even number

Sequence in which order
registers are saved

(2)Saved simultaneously,

all 16 bits

(1)Saved simultaneously,

-
-

all 16 bits

Address Stack

[SP] - 5 (Odd)

[SP] - 4 (Even) PCL

[SP] - 3(Odd) PCw

[SP] - 2 (Even) FLGL

[SP] - 1(Odd) FLGH PC
[SP]  (Even)

Finished saving registers

(2) SP contains odd number

in two operations.

Address Stack Sequence in which order
registers are saved
[SP] -5 (Even)
[SP] - 4(Odd) PCL. - (3) )
[SP] - 3 (Even) PCu ~— (4)
> Saved, 8 bits at a time
[SP] - 2(0dd) FLG. - (1)
[SP] -1 (Even) FLGH PChx - (2)_/
[SP]  (Odd)
Finished saving registers
in four operations.

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

Figure 6.7 Operation of Saving Register
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6.13 Returning from an Interrupt Routine

The FLG register and PC in the state in which they were immediately before entering the interrupt sequence are
restored from the stack by executing the REIT instruction at the end of the interrupt routine.

Thereafter the CPU returns to the program which was being executed before accepting the interrupt request.
Return the other registers saved by a program within the interrupt routine using the POPM or similar instruction
before executing the REIT instruction

6.14 Interrupt Priority

If two or more interrupt requests are generated while executing one instruction, the interrupt request that has the
highest priority is accepted.

For maskable interrupts (peripheral functions), any desired priority level can be selected using the ILVL2 to ILVLO
bits. However, if two or more maskable interrupts have the same priority level, their interrupt priority is resolved by
hardware, with the highest priority interrupt accepted.

The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 6.8 shows the
priorities of hardware interrupts.

Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Reset High
NMI A
DBC
Watchdog timer

Peripheral function

Single step v
Low

Address match

Figure 6.8 Hardware Interrupt Priority

6.15 Interrupt Priority Resolution Circuit

The interrupt priority resolution circuit is used to select the interrupt with the highest priority among those
requested.
Figure 6.9 shows the circuit that judges the interrupt priority level.
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Priority level of each interrupt Level 0 (initial value)

| INT1

H Timer B2/Clock Timer High

| Timer BO

| Timer A3

| Timer A1

Timer B4/Remote control,
UART1 bus collision

i INT3

| INT2/Remote control transmission

| INTO :
4 Timer B1 F—

t[ Timer Ad/Multi-master 12C

| Timer A2

|Timer B3/HINT, UARTO bus collision

Hl Timer B5/SLICEON

:[_UARTA reception, ACK1

i UARTO reception, ACKO

Priority of peripheral function interrupts
(if priority levels are same)

i|__ UART2 reception, ACK2

| A/D conversion

| DMA1

| UART 2 bus collision

] S1/04, INT5

| Timer A0

i [ UARTA transmission, NACK1

:| UARTO transmission, NACKO

: [_UART2 transmission, NACK2

4 DMAO

: — Low
| SI/03, INTA Y
| IPL Interrupt request level resolution output
_____________________________________________ to clock generating circuit (Fig.4.1)
| flag :) Interrupt
request

Address match accepted

DBC

| |
| |
| Watchdog timer I
| !
| N |

Figure 6.9 Interrupts Priority Select Circuit
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6.16

NT Interrupt

INTi interrupt (i = 0 to 5) is triggered by the edges of external inputs. The edge polarity is selected using the IFSR
register's [IFSRi bit.
INT4 and INTS5 share the interrupt vector and interrupt control register with SI/O3 and SI/O4, respectively.

To use the INT4 interrupt, set the IFSR register’s IFSR6 bit to “1” (= INT4). To use the INTS interrupt, set the IFSR
register’s IFSR7 bit to “1” (= INTY).
After modifying the IFSR6 or IFSR7 bit, clear the corresponding IR bit to “0” (= interrupt not requested) before

enablin,

g the interrupt.

INT2 and the remote control transmission, the vector and the interrupt control register are shared. (Please refer to
“14. Expansion Function” for details. )
Figure 6.10 shows the IFSR and IFSR2A registers.

Interrupt request cause select register

b7 b6 b5 b4 b3 b2 bl bO

[ —

Symbol Address After reset
IFSR 035F16 0016
Bit symbol Bit name Function RW

IFSRO INTO interrupt polarity 0: One edge RW

switching bit 1 :Both edges (Note 1)
IFSR1 INT1 interrupt polarity 0 : One edge

switching bit 1:Both edges (Note 1) Rw
IFSR2 INT2 interrupt polarity 0 : One edge

switching bit 1: Both edges (Note 1) RW
IFSR3 INT3 interrupt polarity 0 : One edge

switching bit 1 : Both edges  (Note 1) Rw
IFSR4 INT4 interrupt polarity 0 : One edge

switching bit 1:Both edges (Note 1) RwW
IFSR5 INT5 interrupt polarity 0: One edge

switching bit 1: Both edges (Note 1) RwW
IFSR6 Interrupt request cause 0:Sl/03  (Note 2)

select bit 1:INT4 RwW
IFSR7 Interrupt request cause 0:SI/04 (Note 2

select bit 1:INT5 (Note 2) RW

Note 1: When setting this bit to “1” (= both edges), make sure the INTOIC to INT5IC register’'s POL bit
is set to “0” (= falling edge).

Note 2: When setting this bit to “0” (= SI/O3, S1/04), make sure the S3IC and S4IC registers’ POL bit is

set to “0” (= falling edge).

Interrupt request cause select register 2

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After reset
IFSR2A 035E16 00XXXXXX2
Bit symbol Bit name Function RW
_ Nothing is assigned. When write, set to “0”. .
(b5-b0) When read, their contents are indeterminate.
IFSR26 Interrupt request cause 0 : Timer B3/HINT
select bit (Note 1) 1: UARTO bus collision RwW
detection
IFSR27 Interrupt request cause 0 : Timer B4/Remote control
select bit (Note 2) 1: UART1 bus collision RW

detection

Note 1: Timer B3/HINT and UARTO bus collision detection share the vector and interrupt control register. When using
the timer B3/HINT interrupt, clear the IFSR26 bit to “0” (timer B3/HINT). When using UARTO bus collision

detection, set the IFSR26 bit to “1”.

Note 2: Timer B4/Remote control and UART1 bus collision detection share the vector and interrupt control register.

When using the timer B4/Remote control interrupt, clear the IFSR27 bit to “0” (timer B4/Remote control).
When using UART1 bus collision detection, set the IFSR27 bit to “1”.

Figure 6.10 IFSR Register and IFSR2A Register
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6.17 NMI Interrupt

An NMI interrupt is generated when input on the NMI pin changes state from high to low. The NMI interrupt is a
non-maskable interrupt.

The input level of this NMI interrupt input pin can be read by accessing the P8 register’s P8_5 bit.

This pin cannot be used as an input port.

6.18 Address Match Interrupt

An address match interrupt request is generated immediately before executing the instruction at the address
indicated by the RMAD:I register (i = 0 to 3). Set the start address of any instruction in the RMADI register. Use the
AIER register’s AIERO and AIER1 bits and the AIER2 register’s AIER20 and AIER21 bits to enable or disable the
interrupt. Note that the address match interrupt is unaffected by the I flag and IPL.

For address match interrupts, the value of the PC that is saved to the stack area varies depending on the instruction
being executed (refer to “Saving Registers”).

(The value of the PC that is saved to the stack area is not the correct return address.) Therefore, follow one of the
methods described below to return from the address match interrupt.

* Rewrite the content of the stack and then use the REIT instruction to return.

* Restore the stack to its previous state before the interrupt request was accepted by using the POP or similar other
instruction and then use a jump instruction to return.

Table 6.6 shows the value of the PC that is saved to the stack area when an address match interrupt request is
accepted.

Note that when using the external bus in 8 bits width, no address match interrupts can be used for externa areas.
Figure 6.11 shows the AIER, AIER2, and RMADO to RMAD?3 registers.

Table 6.6 Instruction Just Before Execution and Address Stored in Stack When There Occurs
Interrupts

Value of the PC that is

Instruction at the address indicated by the RMADI register saved to the stack area

* 16-bit op-code instruction The address

« Instruction shown below among 8-bit operation code instructions indicated by the
ADD.B:S #IMM8,dest  SUB.B:S #IMM8,dest AND.B:S  #IMM8,dest RMAD:I register +2
OR.B:S #IMM8,dest MOV.B:S  #IMM8,dest STZ.B:S #IMM8,dest
STNZ.B:S #IMM8,dest STZX.B:S #IMM81,#IMM82,dest
CMP.B:S #IMM8,dest PUSHM src POPM dest
JMPS #IMM8 JSRS #IMM8

MOV.B:S  #IMM,dest (However, dest=A0 or A1)

The address
Instructions other than the above indicated by the

RMAD:i register +1

Value of the PC that is saved to the stack area : Refer to “Saving Registers”.

Table 6.7 Relationship Between Address Match Interrupt Sources and Associated Registers
Address match interrupt sources | Address match interrupt enable bit | Address match interrupt register

Address match interrupt O AIERO RMADO

Address match interrupt 1 AIER1 RMAD1

Address match interrupt 2 AIER20 RMAD2

Address match interrupt 3 AIER21 RMAD3

Rev.2.10  Oct25,2006 Page580f326 2 RENESAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 6.INTERRUPTS

Address match interrupt enable register

b7 6 bS bt b3 b2 b1 b0 Symbol Address After reset
KMM_J_J AIER 000916 XXXXXX002
Bit symbol Bit name Function RW
. e AIERO Address _match interrupt0 | o - Interrupt disabled
b enable bit 1 : Interrupt enabled

: AIER1 |Address match interrupt 1

- O

. Interrupt disabled RW

enable bit - Interrupt enabled

—_ Nothing is assigned.
(b7-b2) | When write, set to “0". —
When read, their contents are indeterminate.

Address match interrupt enable register 2

b7 D6 DS b4 b3 b2 b1 b0 Symbol Address After reset
AIER2 01BB16 XXXXXX002
Bit symbol Bit name Function RW
AIER20 [Address matchinterrupt2 | ¢ : |nterrupt disable RW
enable bit 1 : Interrupt enabled
AIER21 |Address match interrupt 3 | O : Interrupt disabled
enable bit 1 : Interrupt enable RW

- Nothing is assigned.
(b7-b2) When write, set to “0”. —
When read, their contents are indeterminate.

Address match interrupt registeri (i = 0 to 3)

(623) (1;139) (b1b‘>;]>(2175> (E?w w0 Symbol Address After reset
RMADO 001216 to 001016 X0000016
|><[><I><|><] | | RMAD1 001616 to 001416 X0000016
H RMAD2 01BA16 to 01B816 X0000016
RMAD3 01BE16 to 01BC16 X0000016

E Function Setting range RW

---1 Address setting register for address match interrupt 0000016 to FFFFF16 | RW

(R S Nothing is assigned.
When write, set to “0”.
When read, their contents are indeterminate.

Figure 6.11 AIER Register, AIER2 Register and RMADO to RMAD3 Registers
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7. Watchdog Timer

The watchdog timer is the function of detecting when the program is out of control. Therefore, we recommend using
the watchdog timer to improve reliability of a system. The watchdog timer contains a 15-bit counter which counts
down the clock derived by dividing the CPU clock using the prescaler. Whether to generate a watchdog timer interrupt
request or apply a watchdog timer reset as an operation to be performed when the watchdog timer underflows after
reaching the terminal count can be selected using the PM12 bit of PM1 register. The PM12 bit can only be set to “1”
(reset). Once this bit is set to “1”, it cannot be set to “0” (watchdog timer interrupt) in a program.

Refer to “Watchdog Timer Reset” for the details of watchdog timer reset.

When the main clock is selected for CPU clock, the divide-by-N value for the prescaler can be chosen to be 16 or 128
using the WDC7 bit of WDC register. If a sub-clock is selected for CPU clock, the divide-by- N value for the prescaler
is always 2 no matter how the WDC?7 bit is set. The period of watchdog timer can be calculated as given below. The
period of watchdog timer is, however, subject to an error due to the prescaler.

With main clock chosen for CPU clock

Watchdog timer period = Prescaler dividing (16 or 128) X Watchdog timer count (32768)
CPU clock

With sub-clock chosen for CPU clock

Watchdog timer period = Prescaler dividing (2) X Watchdog timer count (32768)
CPU clock

For example, when CPU clock = 10 MHz and the divide-by-N value for the prescaler= 16, the watchdog timer period
is approx. 52.4 ms.

The watchdog timer is initialized by writing to the WDTS register. The prescaler is initialized after reset.

Note that the watchdog timer and the prescaler both are inactive after reset, so that the watchdog timer is activated to
start counting by writing to the WDTS register.

In stop mode, wait mode and hold state, the watchdog timer and prescaler are stopped. Counting is resumed from the
held value when the modes or state are released.

Figure 7.1 shows the block diagram of the watchdog timer. Figure 7.2 shows the watchdog timer-related registers.
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Prescaler
T emor =0
=|—|EWDC7=0 PM12=0
Iﬂl Watchdog timer
cPU : icMo7 =0 interrupt request
clock : 1/128 EWDC7=1O W .
—_— : + atchdog timer log
HOLD — : : o—»
o foMo7 =1 T A PM12 = 1
; 172 ; Reset
Set to X
Write to WDTS register ‘I_V\ “TFFF16
RESETO d[> ’ﬁ)_/
Figure 7.1 Watchdog Timer Block Diagram
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After reset
| | 0 | | | | | | | WDC 000F16 00XXXXXX2(Note2)
E . . . . . . . Bit symbol Bit name | Function RW
E I I SRR (b4-b0) High-order bit of watchdog timer RO
E E E __________________ Cold start / warm start 0: Cold start
N WDC5 discrimination flag (Note 1)[ 1 : Warm start RW
SRREREEEEEEEEEED (b6) Reserved bit Must set to “0” RW
L WDC7 Prescaler select bit 0 : Divided by 16 RW
1 : Divided by 128
Note 1: The WDCS5 bit is always “1” (warm start) no matter how it is set by writing a “0” or “1”.

b7 b0

Watchdog timer start register (Note)

Address
000E16

Symbol
WDTS

: The WDCS5 bit is “0” (cold start) immediately after power-on. It can only be set to “1” in a program.

After reset
Indeterminate

Function

RW

The watchdog timer is initialized and starts counting after a write instruction to
this register. The watchdog timer value is always initialized to “7FFF16”
regardless of whatever value is written.

WO

Note : Write to the WDTS register after the watchdog timer interrupt occurs.

Figure 7.2

WDC Register and WDTS Register
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DMAC

The DMAC (Direct Memory Access Controller) allows data to be transferred without the CPU intervention.

Two DMAC channels are included. Each time a DMA request occurs, the DMAC transfers one (8 or 16-bit) data from
the source address to the destination address. The DMAC uses the same data bus as used by the CPU. Because the
DMAC has higher priority of bus control than the CPU and because it makes use of a cycle steal method, it can transfer
one word (16 bits) or one byte (8 bits) of data within a very short time after a DMA request is generated. Figure 8.1
shows the block diagram of the DMAC.

Table 8.1 shows the DMAC specifications. Figures 8.2 to 8.4 show the DMAC-related registers.

{ Address bus \
N
_|:>| DMAO source pointer SAR0(20) |:>
| | (addresses 002216 to 002016)
:>| DMAO destination pointer DARO (20) |:>
Vi Y/ (addresses 002616 to 002416)
|DMAO forward address pointer (20) (Note) |:>
—|:>i DMAQO transfer counter reload register TCRO (16) '::> :>| DMA1 source pointer SAR1 (20) ':>
\/ (addresses 002916, 002816) | | (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) |:> :>|DMA1 destination pointer DAR1 (20) |:>
U v (addresses 003616 to 003416)
:>| DMAT1 transfer counter reload register TCR1 (16) '::> |DMA1 forward address pointer (20) (Note) |:>
\/ (addresses 003916, 003816)
|DMA1 transfer counter TCR1 (16) ':> | DMA latch high-order bits | DMA latch low-order bits |
X X X /T AN ﬁ X
¢ Data bus low-order bits Y VS
{ Data bus high-order bits . \

Note: Pointer is incremented by a DMA request.

Figure 8.1 DMAC Block Diagram

A DMA request is generated by a write to the DMiSL register (i = 0 to 1)’s DSR bit, as well as by an interrupt request
which is generated by any function specified by the DMiSL register’s DMS and DSEL3 to DSELO bits. However,
unlike in the case of interrupt requests, DMA requests are not affected by the I flag and the interrupt control register, so
that even when interrupt requests are disabled and no interrupt request can be accepted, DMA requests are always
accepted. Furthermore, because the DMAC does not affect interrupts, the interrupt control register’s IR bit does not
change state due to a DMA transfer.

A data transfer is initiated each time a DMA request is generated when the DMiCON register’s DMAE bit = “1”
(DMA enabled). However, if the cycle in which a DMA request is generated is faster than the DMA transfer cycle, the
number of transfer requests generated and the number of times data is transferred may not match. For details, refer to
“DMA Requests”.
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Table 8.1 DMAC Specifications

ltem 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
Maximum No. of bytes transferred | 128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

DMA request factors Falling edge of INTO or INT1

(Note 1, Note 2) Both edge of INTO or INT1

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO transfer, UARTO reception interrupt requests
UART1 transfer, UART1 reception interrupt requests
UART2 transfer, UART2 reception interrupt requests
SI/O3, SI/O4 interrpt requests

A/D conversion interrupt requests

Software triggers

Channel priority DMAO > DMA1 (DMAO takes precedence)
Transfer unit 8 bits or 16 bits
Transfer address direction forward or fixed (The source and destination addresses cannot both be

in the forward direction.)

Transfer mode | *Single transfer |Transfer is completed when the DMAI transfer counter (i = 0-1)
underflows after reaching the terminal count.

*Repeat transfer|When the DMAI transfer counter underflows, it is reloaded with the value
of the DMA.i transfer counter reload register and a DMA transfer is con-

tinued with it.
DMA interrupt request generation timing [ When the DMAI transfer counter underflowed
DMA startup Data transfer is initiated each time a DMA request is generated when the

DMAICON register's DMAE bit = “1” (enabled).

DMA shutdown |Single transfer |+ When the DMAE bit is set to “0” (disabled)

« After the DMAI transfer counter underflows

*Repeat transfer | When the DMAE bit is set to “0” (disabled)

When a data transfer is started after setting the DMAE bit to “1”
(enabled), the forward address pointer is reloaded with the value of the
SARi or the DARI pointer whichever is specified to be in the forward
direction and the DMA.i transfer counter is reloaded with the value of the
DMA.i transfer counter reload register.

Reload timing for forward
address pointer and transfer
counter

Notes:

1. DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the | flag nor by the
interrupt control register.

2. The selectable causes of DMA requests differ with each channel.

3. Make sure that no DMAC-related registers (addresses 002016 to 003F16) are accessed by the DMAC.
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DMAO request cause select register

expansion select bit 1: Extended cause of request RW
Software DMA A DMA request is generated by
________________________ request bit setting this bit to “1” when the DMS
DSR bit is “0” (basic cause) and the RW

_____________________ DMS DMA request cause 0: Basic cause of request

Nothing is assigned. When write, set to “0”.
""""""""" (b5-b4) When read, its content is “0”.

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

| | | DMOSL 03B816 0016
i : : : : : : : Bit symbol Bit name Function RW
i : : : : : : :' DSELO DMA request cause Refer to note RwW
i : : : : : P DSELT select bit W
A DSEL2 RW
E E E E S DSEL3 RW

DSEL3 to DSELO bits are “00012”
(software trigger).
The value of this bit when read is “0” .

Note 1: The causes of DMAO requests can be selected by a combination of DMS bit and DSEL3 to DSELO bits in the

manner described below.

DSEL3 to DSELO| DMS=0 (basic cause of request) DMS=1 (extended cause of request)
00002 Falling edge of INTO pin -

00012 Software trigger -

00102 Timer AO -

00112 Timer A1 -

01002 Timer A2 -

01012 Timer A3 -

01102 Timer A4 (Note 4) Two edges of INTO pin
01112 Timer BO Timer B3

10002 Timer B1 Timer B4

10012 Timer B2 (Note 3) Timer B5

10102 UARTO transmit -

10112 UARTO receive -

11002 UART2 transmit -

11012 UART2 receive -

11102 A-D conversion -

11112 UART1 transmit -

Note 2: In VINTI, INTRMTi, and HINTi (i = 0 to 3) of address 3616 expansion register of expansion function, when use

them by the following setup, DMA request cause extension select bit = "1" (extended cause of request) cannot be used.
* VINTi = 10112

* INTRMTi = 10102

« HINTi = 10012

(i=0to 3)

Note 3: Please change SECINTI (i = 0 to 3) in address 3616 expansion registers of the expansion feature to the following settings

when you use the DMA forwarding by timer B2 interrupt request.
« SECINTi = 00002
The DMA forwarding by the clock timer interrupt request cannot be used.

Note 4: Please change EXTIICINTI (i = 0 to 3) in address 02D616 12C0 interrupt control register to the following settings when you

use the DMA forwarding by timer A4 interrupt request.
« EXTIICINTi = 00002
The DMA forwarding by the Multi-master 12C interrupt request cannot be used.

Figure 8.2 DMOSL Register
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8. DMAC

b7 b6 b5 b4 b3 b2 bl b0

DMA1 request cause select register

Symbol Address After reset
| | | DM1SL 03BA16 0016
E ' ' Bit symbol Bit name Function RW
] DSELO DMA request cause Refer to note RwW
it DSEL1 select bit RW
e DSEL2 RW
........ DSEL3 RW
-------- Nothing is assigned. When write, set to “0”. -
(b5-b4) When read, its content is “0”.
________ DMS DMA request cause 0: Basic cause of request RW
expansion select bit 1: Extended cause of request
Software DMA A DMA request is generated by
""""" request bit setting this bit to “1” when the DMS
DSR bit is “0” (basic cause) and the RW
DSEL3 to DSELO bits are “00012”
(software trigger).
The value of this bit when read is “0” .

DSEL3 to DSELO| DMS=0(basic cause of request) DMS=1(extended cause of request)
00002 Falling edge of INTT pin -

00012 Software trigger -

00102 Timer AO -

00112 Timer A1 -

01002 Timer A2 -

01012 Timer A3 SI/03

01102 Timer A4 (Note 3) SI/04 .
01112 Timer BO Two edges of INT1
10002 Timer B1 -

10012 Timer B2 (Note 2) -

10102 UARTO transmit -

10112 UARTO receive/ACKO -

11002 UART?2 transmit -

11012 UART?2 receive/ACK2 -

11102 A/D conversion -

11112 UART1 receive/ACK1 -

« SECINTI

DMAI control register (i=0,1)

b7 b6 b5 b4 b3 b2 b1 bO

Note 1: The causes of DMA1 requests can be selected by a combination of DMS bit and DSEL3 to DSELO bits in the
manner described below.

Note 2: Please change SECINTi (i = 0 to 3) in address 3616 enhancing registers of the enhanced feature to the following settings
when you use the DMA forwarding by timer B2 interrupt request.
= 00002
The DMA forwarding by the clock timer interrupt request cannot be used.
Note 3: Please change EXTIICINTi (i = 0 to 3) in address 02D616 12C0 interrupt control register to the following settings when you
use the DMA forwarding by timer A4 interrupt request.
« EXTIICINTi = 00002
The DMA forwarding by the Multi-master I12C interrupt request cannot be used.

Symbol Address After reset
| | DMOCON 002C16 00000X002
— L DM1CON 003C16 00000X002
E , _ Bit symbol Bit name Function RW
E ' ' Transfer unit bit select bit | 0 : 16 bits
¢+ +{ DMBIT b
P 1: 8 bits RW
E .__ DMASL Repeat transfer mode 0 : Single transfer RW
: select bit 1: Repeat transfer
R DMA request bit 0 : DMA not requested RwW
DMAS 1 : DMA requested (Note 1)
________ DMA enable bit 0 : Disabled
DMAE 1 Enabled RW
Source address direction | 0 : Fixed
-------- DSD select bit (Note 2) 1 Forward Rw
Destination address 0 : Fixed
DAD direction select bit (Note 2) [ 1 - Forward RW
b7-b6 Nothing is assigned. When write, set to “0”. When I
(b7-b6) read, its content is “0”.

Note 1: The DMAS bit can be set to “0” by writing “0” in a program (This bit remains unchanged even if “1” is written).
Note 2: At least one of the DAD and DSD bits must be “0” (address direction fixed).

Figure 8.3

DM1SL Register, DMOCON Register, and DM1CON Registers
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DMAI source pointer (i = 0, 1) (Note)

(b19) (b16)(b15) (b8)
b3 b0 b7 b0 b7 b0 Symbol
j . SARO

D$$$(I : , : SAR1

(b23)

002216 to 002016
003216 to 003016

Address

After reset
Indeterminate
Indeterminate

Function

Setting range

RW

Set the source address of transfer

0000016 to FFFFF16

RW

are “0”.

Nothing is assigned. When write, set “0”. When read, these contents

DMICON register is “0” (DMA disabled).
If the DSD bit is “1” (forward direction), this register can be written to at any time.

this register. Otherwise, the value written to it can be read.

DMAI destination pointer (i = 0, 1)(Note)

: If the DSD bit of DMICON register is “0” (fixed), this register can only be written to when the DMAE bit of

If the DSD bit is “1” and the DMAE bit is “1” (DMA enabled), the DMAI forward address pointer can be read from

(b23) (b19) (b16)(b15) (b8)
b7 o3 b0 o7 80 b7 20 Symbol Address After reset
DXIXDXIX : . DARO 002616 to 002416 Indeterminate
N : T : DAR1 003616 to 003416 Indeterminate
Function Setting range RW
P _________ Set the destination address of transfer 0000016 to FFFFF16 | RW

are “0”.

! Nothing is assigned. When write, set “0”. When read, these contents

DMIiCON register is “0”(DMA disabled).
If the DAD bit is “1” (forward direction), this register can be written to at any time.

this register. Otherwise, the value written to it can be read.

DMA.i transfer counter (i =0, 1)

(b8)

b0 b7 b0
X Symbol
H TCRO

. TCR1

(b15)
b7

Address
002916, 002816
003916, 003816

Note: If the DAD bit of DMiICON register is “0” (fixed), this register can only be written to when the DMAE bit of

After reset

If the DAD bit is “1” and the DMAE bit is “1” (DMA enabled), the DMAI forward address pointer can be read from

Indeterminate
Indeterminate

Function

Setting range

RW

Set the transfer count minus 1. The written value
is stored in the DMAI transfer counter reload
register, and when the DMAE bit of DMiCON
register is set to “1” (DMA enabled) or the DMAI
transfer counter underflows when the DMASL bit
of DMICON register is “1” (repeat transfer), the
value of the DMAI transfer counter reload register
is transferred to the DMAI transfer counter.

When read, the DMAI transfer counter is read.

000016 to FFFF16

RW

Figure 8.4 SARO, SAR1, DARO, DAR1, TCRO, and TCR1 Registers
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8.1 Transfer Cycles

The transfer cycle consists of a memory or SFR read (source read) bus cycle and a write (destination write) bus
cycle. The number of read and write bus cycles is affected by the source and destination addresses of transfer.

(a) Effect of Source and Destination Addresses
If the transfer unit and data bus both are 16 bits and the source address of transfer begins with an odd address,
the source read cycle consists of one more bus cycle than when the source address of transfer begins with an
even address.
Similarly, if the transfer unit and data bus both are 16 bits and the destination address of transfer begins with
an odd address, the destination write cycle consists of one more bus cycle than when the destination address of
transfer begins with an even address.

(b) Effect of Software Wait
For memory or SFR accesses in which one or more software wait states are inserted, the number of bus cycles
required for that access increases by an amount equal to software wait states.

Figure 8.5 shows the example of the 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 transfer cycles, take into consideration each condition for the source read and the destination write
cycle, respectively. For example, when data is transferred in 16 bit units using an 8-bit bus ((2) in Figure 8.5), two
source read bus cycles and two destination write bus cycles are required.
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(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address

BCLK

Address
bus

RD signal

WR signal

Data

bus CPU use

>< Source >< Destination

Dummy
cycle

L

CPU use

transfer unit is 16 bits and an 8-bit bus is used

(2) When the transfer unit is 16 bits and the source address of transfer is an odd address, or when the

BCLK

Address

bus CPU use

RD signal

WR signal

Data

CPU use
bus

>< Source ><Source + 1>< Destination ><

Dummy
cycle

>< CPU use

(3) When the source read cycle under condition (1) has one wait state inserted

BCLK

Address

Source
bus

RD signal

WR signal

Data

bus CPU use

Source

X

Dummy
cycle

>< Destination >< >< CPU use

(4) When the source read cycle under condition (2) has one wait state inserted

BCLK

Address

bus CPU use

Source

X

Source + 1 >< Destination

RD signal

WR signal

Data

bus CPU use

Source

X

Dummy
cycle

>< Source + 1 >< Destination >< X CPU use

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

Figure 8.5 Transfer Cycles for Source Read
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8.2

Number of DMA Transfer Cycles

Any combination of even or odd transfer read and write addresses is possible. Table 8.2 shows the number of DMA
transfer cycles. Table 8.3 shows the Coefficient j, k.
The number of DMAC transfer cycles can be calculated as follows:

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

Table 8.2 Number of DMA Transfer Cycles
Single-chip mode
Transfer unit Bus width Access address -
No. of read | No. of write
cycles cycles
8-bit transfers 16-bit Even 1 1
(DMBIT= *17) (BYTE="L") Odd 1 1
16-bit transfers 16-bit Even 1 1
(DMBIT= “0") (BYTE ="L") Odd 2 2
Table 8.3 Coefficient j, k
Internal area
Internal ROM, RAM SFR
No wait | With wait
J
k
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8.3 DMA Enable

When a data transfer starts after setting the DMAE bit in DMiCON register (i =0, 1) to “1” (enabled), the DMAC

operates as follows:

(1) Reload the forward address pointer with the SARIi register value when the DSD bit in DMiCON register is “1”
(forward) or the DARI register value when the DAD bit of DMiCON register is “1” (forward).

(2) Reload the DMALI transfer counter with the DMAI transfer counter reload register value.

If the DMAE bit is set to “1” again while it remains set, the DMAC performs the above operation. However, if a
DMA request may occur simultaneously when the DMAE bit is being written, follow the steps below.

Step 1: Write “1” to the DMAE bit and DMAS bit in DMiCON register simultaneously.

Step 2: Make sure that the DMAI is in an initial state as described above (1) and (2) in a program.

If the DMAI is not in an initial state, the above steps should be repeated.

8.4 DMA Request

The DMAC can generate a DMA request as triggered by the cause of request that is selected with the DMS and
DSEL3 to DSELO bits of DMiSL register (i = 0, 1) on either channel. Table 8.4 shows the timing at which the
DMAS bit changes state.

Whenever a DMA request is generated, the DMAS bit is set to “1” (DMA requested) regardless of whether or not
the DMAE bit is set. If the DMAE bit was set to “1” (enabled) when this occurred, the DMAS bit is set to “0”
(DMA not requested) immediately before a data transfer starts. This bit cannot be set to “1” in a program (it can
only be set to “0”).

The DMAS bit may be set to “1” when the DMS or the DSEL3 to DSELO bits change state. Therefore, always be
sure to set the DMAS bit to “0” after changing the DMS or the DSEL3 to DSELO bits.

Because if the DMAE bit is “1”, a data transfer starts immediately after a DMA request is generated, the DMAS bit
in almost all cases is “0” when read in a program. Read the DMAE bit to determine whether the DMAC is enabled.

Table 8.4 Timing at Which the DMAS Bit Changes State

DMAS bit of the DMICON register
Timing at which the bit is set to “1” | Timing at which the bit is set to “0”

DMA factor

Software trigger When the DSR bit of DMiSL » Immediately before a data transfer starts
register is set to “1” * When set by writing “0” in a program

Peripheral function When the interrupt control register
for the peripheral function that is
selected by the DSEL3 to DSELO
and DMS bits of DMiSL register
has its IR bit set to “1”
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8.5 Channel Priority and DMA Transfer Timing

If both DMAO and DMAL are enabled and DMA transfer request signals from DMAO and DMA1 are detected
active in the same sampling period (one period from a falling edge to the next falling edge of BCLK), the DMAS
bit on each channel is set to “1” (DMA requested) at the same time. In this case, the DMA requests are arbitrated
according to the channel priority, DMAO > DMAI. The following describes DMAC operation when DMAO and
DMAI1 requests are detected active in the same sampling period.

Figure 8.6 shows an example of DMA transfer effected by external factors.

DMAO request having priority is received first to start a transfer when a DMAO request and DMA1 request are
generated simultaneously. After one DMAO transfer is completed, a bus arbitration is returned to the CPU. When
the CPU has completed one bus access, a DMAL transfer starts. After one DMAL transfer is completed, the bus
arbitration is again returned to the CPU.

In addition, DMA requests cannot be counted up since each channel has one DMAS bit. Therefore, when DMA
requests, as DMA1 in Figure 8.6, occurs more than one time, the DMAS bit is set to “0” as soon as getting the bus
arbitration. The bus arbitration is returned to the CPU when one transfer is completed.

An example where DMA requests for external causes are detected active at the same

O R
DMAO G,

DMA1 m— Srubs'trat'on
CPU 777 / \

DMAO

request bit |
NTT ] -

DMA1

request bit |

Figure 8.6 DMA Transfer by External Factors
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9. Timers

Eleven 16-bit timers, each capable of operating independently of the others, can be classified by function as either
timer A (five) and timer B (six). The count source for each timer acts as a clock, to control such timer operations as
counting, reloading, etc. Figures 9.1 and 9.2 show block diagrams of timer A and timer B configuration, respectively.

» Main clock

f1orf2 8 f32 fC32

(o)

N

f2 PCLKO bit = 0

PCLKO bit =1
f8

f32

f1 or f2

Clock prescaler

Xcin ()

Set the CPSR bit of CPSRF
register to “1” (= prescaler
reset)

* Timer mode
* One-shot timer mode

f!

TAoN )

* Pulse Width Modulation (PWM) mode
O\ | Timer AO

TAIN ()

Timer AQ interrupt

Timer A1 interrupt

TA2IN ()

TA3IN ()

Timer A2 interrupt

Timer A3 interrupt

TA4IN ()

filter

Timer A4 interrupt

1
—O O
p—{EH '
filter 0 « Event counter mode
* Timer mode
O * One-shot timer mode
O * PWM mode
—O o | 1
- —O o] Timer A1 -
{5 | '
filter
? « Event counter mode
* Timer mode
) * One-shot timer mode
’e) * PWM mode
—oO o \ [ 1
- —oO O Timer A2 -
{5 | '
iiter 0 « Event counter mode
« Timer mode
&: * One-shot timer mode
o} * PWM mode
—oO o \ | 1
- &—oO e} Timer A3 -
e | |
iiter ? « Event counter mode
* Timer mode
o * One-shot timer mode
o * PWM mode
¢—oO o \ I 1
- —oO e} Timer A4 -
7> Noise _O/C 1 |

« Event counter mode

Timer B2 overflow or underflow

Note: Be aware that TAOIN shares the pin with RxD2 and TB5IN.

Figure 9.1

Timer A Configuration
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f2 PCLKO bit = 0

1 f1orf2

» Main clock XCIN .
f8
Set the CPSR bit of CPSRF
32 register to “1” (= prescaler
reset)

PCLKO bit = 1

f1orf2 fg 32 fC32

t

Clock prescaler

Timer B2 overflow or underflow ( to Timer A count source)

* Timer mode
O * Pulse width measuring mode,
O \pulse period measuring mode
O

[ — o
N i .
TBOIN O mot':f OO Timer BO

Timer BO interrupt

« Event counter mode

|

* Timer mode

O « Pulse width measuring mode,

O pulse period measuring mode

¢ Noise .
§>—i filter o Timer B1

gC

TB1IN O

Timer B1 interrupt

o

« Event counter mode

-

* Timer mode
O * Pulse width measuring mode,
O pulse period measuring mode
—O -
Noise o
{? filter

gC

82N ()

Timer B2

Timer B2 interrupt

o

« Event counter mode

|

* Timer mode
O  Pulse width measuring mode,
O ulse period measuring mode

Timer B3

p
—O - —oO \
Noise
83N () §>—| P e o

Timer B3 interrupt

-
|

« Event counter mode

Timer B4 interrupt

* Timer mode

O * Pulse width measuring mode,

O pulse period measuring mode

S - Noise -
@—@ e} Timer B4

C070

TB4IN O

[

-

« Event counter mode

Timer B5 interrupt

* Timer mode
9) * Pulse width measuring mode,
O Oxpulse period measuring mode
O

o o
=
TBSIN () | "ose —o0o

Timer B5

[

|

« Event counter mode

Note: Be aware that TB5IN shares the pin with RxD2 and TAOIN.

Figure 9.2 Timer B Configuration
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9.1 Timer A

Figure 9.3 shows a block diagram of the timer A. Figures 9.4 to 9.6 show registers related to the timer A.
The timer A supports the following four modes. Except in event counter mode, timers AO to A4 all have the same
function. Use the TMOD1 to TMODO bits of TAiMR register (i = 0 to 4) to select the desired mode.

* Timer mode: The timer counts an internal count source.

* Event counter mode: The timer counts pulses from an external device or overflows and underflows of other
timers.

* One-shot timer mode: The timer outputs a pulse only once before it reaches the minimum count “000016.”
¢ Pulse width modulation (PWM) mode: The timer outputs pulses in a given width successively.

q Data bus high-order bits S
|
S(le(l)ecclz(tizzu ree « Timer q Data bus low-order bits S
ft orfo—o0 gchShOt 1T Low-order High-order
fs§ —o \O _ o gk 8 bits Vi 8 bits
fs32 —O « Timer

[ Reload register |

fczg——O (gate function) 7 7
« Event counter Clock selection b
Polarity Counter }
TAIN selection Up-count/down-count
i= f Always counts down except
(i=0to4) Clock selection TABSR register [in event counter mode J
(Note) TAI Addresses TAj TAk
—0 Timer AO 038716 038616  Timer A4 Timer A1
B2 °V9rf|°‘(’VN0te) To external Timer A1 038916 038816  Timer AO Timer A2
: i ircui Timer A2 038B1s 038Ats  Timer A1 Timer A3
T_/ijloverﬂow — o trigger cireut Down count —Q Tiﬂih\s 038D:Z osecfs Tm A2 T::z:m
(1=1-1. Note, however, that j = 4 when i = 0) . Timer A4 038F16 038Et6  Timer A3 Timer AO
UDF register O
TAk overflow ——O
(k =i+ 1. Note, however, that k = 0 when i = 4) T
TAiouT Pulse output
(i=0to4)
o | { Toggle flip-flop {
Note: Overflow or underflow
Figure 9.3 Timer A Block Diagram
Timer Ai mode register (i=0 to 4)
Symbol Address After reset
| o7 | 06 | "5| b4| b3 | b2 | o1 b0 TAOMR to TA4MR 039616 to 039A16 0016
.+ 4+ 4+ 4+ 1+ 1 1| Bitsymbol Bit name Function RW
poron i1 i i) TMODRO | Operation mode select bit | G : Timer mode RW
E . . . . , , 0 1 : Event counter mode
oo TMOD1 1 0 : One-shot timer mode
R M 11 : Pulse width modulation RW
T (PWM) mode
E i E E E --------- MRO _— Function varies with each RwW
e R MR1 operation mode RW
R MR2 RW
H EELCECEEEEEPES MR3 RW
E ERRRERbEEEEEEEEEb b TCKO Count source select bit Function varies with each RW
e TCK1 operation mode RW

Figure 9.4 TAOMR to TAAMR Registers
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Timer Ai register (i= 0 to 4) (Note 1)

(v15) ©8)
b7

b
b0 b7

Symbol Address After reset
bo TAO 038716, 038616 Indeterminate
| TA1 038916, 038816 Indeterminate
TA2 038B16, 038A16 Indeterminate
TA3 038D16, 038C16 Indeterminate
TA4 038F16, 038E16 Indeterminate
Mode Function Setting range | RW
Timer Divide the count source by n + 1 where n =| 000016 to FFFF1s | Ry
mode set value
Event Divide the count source by FFFF16 —n + 1| 000016 to FFFF16
counter where n = set value when counting up or RwW
mode by n + 1 when counting down _(Note 5)
One-shot Divide the count source by n where n = set| 000016 to FFFF16 | \yo
timer mode | value and cause the timer to stop (Notes 2, 4)
Pulse width | Modify the pulse width as follows: 000016 to FFFE16
modulation | PWM period: (216 — 1) / fj (Note 3, 4)
mode High level PWM pulse width: n / fj ' wo
(16-bit PWM) | where n = set value, fj = count source
,,,,,,,,,,, frequency |||
Pulse width | Modify the pulse width as follows: . 0016 to FE16
modulation | PWM period: (28 — 1) x (m + 1)/ j (ngg&dg gg:ﬁgeSS)
mode High level PWM pulse width: (m + 1)n /fj ~
(8-bit PWM) | where n = high-order address set value, (Low-order address)| wo
m = low-order address set value, fj = (Note 3, 4)

count source frequency

Note 1: The register must be accessed in 16 bit units.
Note 2: If the TAi register is set to ‘000016,” the counter does not work and timer Ai interrupt
requests are not generated either. Furthermore, if “pulse output” is selected, no pulses are
output from the TAIOUT pin.
Note 3: If the TAi register is set to ‘000016,” the pulse width modulator does not work, the output
level on the TAIOUT pin remains low, and timer Ai interrupt requests are not generated
either. The same applies when the 8 high-order bits of the timer TAi register are set to ‘001
6’ while operating as an 8-bit pulse width modulator.
Note 4: Use the MOV instruction to write to the TAi register.
Note 5: The timer counts pulses from an external device or overflows or underflows in other timers.

Count start flag

b7 b6 b5 b4 b3 b2 bl

b0

Up/down flag (Note 1)

b7 b6 b5 b4 b3 b2 bl

b0

Symbol Address After reset
TABSR 038016 0016
Bit symbol Bit name Function RW
TAOS Timer AO count start flag 0 : Stops counting RW
TA1S Timer A1 count start flag 1 Starts counting RW
TA2S Timer A2 count start flag RW
TA3S Timer A3 count start flag RW
TA4S Timer A4 count start flag RW
TBOS Timer BO count start flag RW
TB1S Timer B1 count start flag RW
TB2S Timer B2 count start flag RW
Symbol Address After reset
UDF 038416 0016
Bit symbol Bit name Function RW
TAOUD Timer AO up/down flag 0 : Down count RW
N 1 : Up count oo |
TATUD | Timer A1 up/down flag , 4 RW
Enabled by setting the TAIMR —
TA2UD Timer A2 up/down flag register's MR2 bit to “0” RW
X (= switching source in UDF
TASUD | Timer A3 up/down flag register) during event counter RW
TA4UD | Timer A4 up/down flag mode. RW
TA2P Timer A2 two-phase pulse | 0 : two-phase pulse signal WO
signal processing select bit processing disabled
1 : two-phase pulse signal I
TA3P Timer A3 two-phase pulse processing enabled WO
signal processing select bit (Notes 2, 3)
TA4P Timer A4 two-phase pulse WO
signal processing select bit

Note 1: Use MOV instruction to write to this register.
Note 2: Make sure the port direction bits for the TA2IN to TA4IN and TA20uUT to TA40UT pins are set
to “0” (input mode).
Note 3: When not using the two-phase pulse signal processing function, set the bit corresponding to
timer A2 to timer A4 to “0”

Figure 9.5 TAO to TA4 Registers, TABSR Register, and UDF Register
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One-shot start flag
Symbol Address After reset
b7 b6 b5 b4 b3 b2 b1 bO ONSF 038216 0016
SECEEEE
- symbol Bit name Function RwW
¢ o+ o+ =4 TA0OS | Timer AO one-shot start flag | The timer starts counting by setting | RW
oo e - this bit to “1” while the TMOD1 to
o e TA10S | Timer A1 one-shot start flag TMODO bits of TAIMR register (i = RwW
[ R TA20S | Timer A2 one-shot start flag | O to 4) =102’ (= one-shot timer RW
oo mode) and the MR2 bit of TAIMR
LR EEr TA30S [ Timer A3 one-shot start flag | register = “0” (=TAIOS bit enabled). | RW
T - Wh d, it tent is “0”.
 GLECEEELEr TA40S | Timer A4 one-shot start flag en read, iIs content1s RW
ey To5) |Reserved bit Must be set to “0” RW
R TAOTGL | Timer AO event/trigger b7b6 . RW
: select bit 0 0 : Input on TAOIN is selected (Note 1
! 0 1: TB2 overflow is selected (Note 2)
] TAOTGH 10 : TA4 overflow is selected (Note 2)| o\
11 : TA1 overflow is selected (Note 2)
Note 1: Make sure the PD7_1 bit of PD7 register is set to “0” (= input mode).
Note 2: Overflow or underflow
Trigger select register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | TRGSR 038316 0016
Bit symbol Bit name Function RW
S R Timer A1 event/trigger b1 b0
oo e e T TATTGL select bit 9 0 0 : Input on TA1IN is selected (Note 1) | RW
Vo 01:TB2is selected
R TA1TGH 10:TAO is selected RW
oo 11:TA2is selected
E . . . . . Timer A2 event/trigger b3 b2
A TA2TGL select bit 0 0 : Input on TA2IN is selected (Note 1) RW
R 01:TB2is selected
1 H H i ] TA2TGH 10:TA1 is selected RW
oo 11: TA3 is selected
oo Timer A3 event/trigger b5 b4
E E E ----------- TASTGL select bit 9 00 : Input on TA3IN is selected (Note 1) | RW
v 01:TB2is selected
[ S TA3TGH 10:TA2 is selected RW
. 11:TA4 is selected
. i ; b7 b6
VooTTTTT T TA4TGL Ig;;i; ﬁé event/trigger 00 : Input on TA4IN is selected (Note 1) | RW
, 01:TB2is selected
] TA4TGH 10:TA3 is selected RW
11:TAO is selected
Note 1: Make sure the port direction bits for the TA1IN to TA4IN pins are set to “0” (= input mode).
Clock prescaler reset flag
b7 D6 b5 b4 b3 b2 b1 b0 Symbol Address After reset
L_DQXDMN CPSRF 038116 OXXXXXXX2
. . . . . . . . Bit symbol Bit name Function RW
A _ Nothing is assigned.
FHRE PR When write, set to “0”. When read, their contents are —
: (b6-b0) | indeterminate.
E CPSR Clock prescaler reset flag | Setting this bit to “1” initializes the
REE R EEEE R prescaler for the timekeeping clock. Rw
(When read, its content is “0”.)

Figure 9.6 ONSF Register, TRGSR Register, and CPSRF Register
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9.1.1

Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 9.1). Figure 9.7 shows TAIMR
register in timer mode.

Table 9.1

Specifications in Timer Mode

ltem

Specification

Count source

f1, f2, f8, f32, fc32

Count operation

* Down-count
» When the timer underflows, it reloads the reload register contents and continues counting

Divide ratio

1/(n+1) n: set value of TAi register (i=0to4) 000016 to FFFF16

Count start condition

Set TAIS bit of TABSR register to “1” (= start counting)

Count stop condition

Set TAIS bit to “0” (= stop counting)

Interrupt request generation timing

Timer underflow

TAIIN pin function

I/O port or gate input

TAIOUT pin function

I/O port or pulse output

Read from timer

Count value can be read by reading TAi register

Write to timer

* When not counting and until the 1st count source is input after counting start
Value written to TAI register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAi register is written to only reload register
(Transferred to counter when reloaded next)

Select function

 Gate function
Counting can be started and stopped by an input signal to TAIIN pin
* Pulse output function
Whenever the timer underflows, the output polarity of TAIOUT pin is inverted.
When not counting, the pin outputs a low.

Timer Ai mode register (i=0 to 4)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | 0 | | | | 0 | 0 | TAOMR to TA4MR 039616 to 039A16 0016
Bit symbol Bit name Function RW
TMODO | Operation mode 8‘80 Ti g RW
i : Timer m
—-J TMoD1 | select bit er mode RW
MRO Pulse output function 0 : Pulse is not output
_________ select bit (TAiouT pin is a normal port pin) RW
1: Pulse is output (Note 1)
(TAiouT pin is a pulse output pin)
Gate functi lect bit |42
MR1 ate function seiect bt 00:1 Gate function not available RW
"""""" 01:4 (TAIN pin functions as I/O port)
1 0 : Counts while input on the TAIIN pin
MR2 is low (Note 2)
............... 11 : Counts while input on the TAIIN pin | RW
is high (Note 2)
------------------ MR3 Must be set to “0” in timer mode RW
TCKO i o706
_____________________ Count source select bit 00 orf RW
01:fs
TCK1 10:f32
------------------------ RW
11:fca2
Note 1: TAOOUT pin is N-channel open drain output.
Note 2: The port direction bit for the TAIIN pin must be set to “0” (= input mode).

Figure 9.7

Timer Ai Mode Register in Timer Mode
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9.1.2

Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of other
timers. Timers A2, A3 and A4 can count two-phase external signals. Table 9.2 lists specifications in event
counter mode (when not processing two-phase pulse signal). Table 9.3 lists specifications in event counter
mode (when processing two-phase pulse signal with the timers A2, A3 and A4). Figure 9.8 shows TAIMR
register in event counter mode (when not processing two-phase pulse signal). Figure 9.9 shows TA2MR to
TA4MR registers in event counter mode (when processing two-phase pulse signal with the timers A2, A3 and

Ad).

Table 9.2

Specifications in Event Counter Mode (when not processing two-phase pulse signal)

ltem Specification

Count source

in program)

» Timer B2 overflows or underflows,
timer Aj (j=i-1, except j=4 if i=0) overflows or underflows,
timer Ak (k=i+1, except k=0 if i=4) overflows or underflows

« External signals input to TAIIN pin (i=0 to 4) (effective edge can be selected

Count operation

timer continues counting without reloading.

» Up-count or down-count can be selected by external signal or program
» When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the

Divided ratio 1/ (FFFF16 - n + 1) for up-count
1/ (n + 1) for down-count  n: set value of TAi register 000016 to FFFF16
Count start condition Set TAIS bit of TABSR register to “1” (= start counting)
Count stop condition Set TAIS bit to “0” (= stop counting)
Interrupt request generation timing | Timer overflow or underflow
TAIIN pin function 1/0O port or count source input
TAIoUT pin function 1/0 port, pulse output, or up/down-count select input
Read from timer Count value can be read by reading TAi register

Write to timer

* When counting (after 1st count source input)

(Transferred to counter when reloaded next)

* When not counting and until the 1st count source is input after counting start
Value written to TAi register is written to both reload register and counter

Value written to TAI register is written to only reload register

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

pin is inverted . When not counting, the pin outputs a low.

Whenever the timer overflows or underflows, the output polarity of TAiouT
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Timer Ai mode register (i=0 to 4)
(When not using two-phase pulse signal processing)

b7 b6 b5 b4 b3 b2 b1 b0

' 1 : Pulse is output (Note 2)
! (TAiouT pin functions as pulse output pin)

Symbol Address After reset
| | | 0| | | | 0 | 1 TAOMR to TAAMR 039616 to 039A16 0016
v+ 1 1 1| Bitsymbol Bit name Function RW
v+« 1+ =1 TMODO [ Operation mode select bit | ' RW
R TMODA1 0 1 : Event counter mode (Note 1) RW
MRO Pulse output function 0 : Pulse is not output
R select bit (TAiouT pin functions as I/O port) RW

MRA1 Count polarity 0
1

! : Counts external signal's falling edge
P e select bit (Note 3) J 909 | RW

: Counts external signal's rising edge

] MR2 Up/down switching 0 : UDF register
! cause select bit 1 : Input signal to TAiouT pin (Note 4) RW
PR MR3 Must be set to “0” in event counter mode RW
G ] TCKO Count operation type 0 : Reload type
' select bit 1 : Free-run type RW
e TCK1 Can be “0” or “1” when not using two-phase pulse signal RW
processing

Note 1: During event counter mode, the count source can be selected using the ONSF and TRGSR
registers.

Note 2: TAOOUT pin is N-channel open drain output.

Note 3: Effective when the TAIGH and TAIGL bits of ONSF or TRGSR register are ‘002’ (TAIIN pin input).

Note 4: Count down when input on TAIOUT pin is low or count up when input on that pin is high. The port
direction bit for TAIOUT pin must be set to “0” (= input mode).

Figure 9.8 TAIMR Register in Event Counter Mode (when not using two-phase pulse signal
processing)
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The use of the event counter mode (When you use two aspect pulse signal processing with Timer A2, A3, and
A4) is shown in Table 9.3.

Figure 9.9 shows from TA2MR register to TA4MR register (When you use two aspect pulse signal processing
with timer A2, A3, and A4) at event counter mode.

Table 9.3 Specifications in Event Counter Mode (when processing two-phase pulse signal with
timers A2, A3 and A4))

Iltem Specification
Count source » Two-phase pulse signals input to TAIIN or TAIOUT pins (i = 2 to 4)
Count operation » Up-count or down-count can be selected by two-phase pulse signal
* When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divide ratio 1/ (FFFF16 - n + 1) for up-count
1/ (n + 1) for down-count n : set value of TAi register 000016 to FFFF16
Count start condition Set TAIS bit of TABSR register to “1” (= start counting)
Count stop condition Set TAIS bit to “0” (= stop counting)
Interrupt request generation timing | Timer overflow or underflow
TAIIN pin function Two-phase pulse input
TAIOoUT pin function Two-phase pulse input
Read from timer Count value can be read by reading timer A2, A3 or A4 register
Write to timer * When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAi register is written to reload register
(Transferred to counter when reloaded next)
Select function (Note) » Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on TA|jIN pin
when input signals on TAjouT pin is “H”.

TAjouT
TAjIN § § § * * *

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

Multiply-by-4 processing operation (timer A3 and timer A4)

If the phase relationship is such that TAkIN(k=3, 4) pin goes “H” when the
input signal on TAkouT pin is “H”, the timer counts up rising and falling
edges on TAkouT and TAKIN pins. If the phase relationship is such that
TAKIN pin goes “L” when the input signal on TAKOUT pin is “H”, the timer
counts down rising and falling edges on TAkouT and TAKIN pins.

TAkOUT§i§i§ i§i§i

- J - g
' '
Count up all edges Count down all edges
TAKIN
(k=3,4) § i § i § i § 1 ! i
- J - /
" e

Count up all edges Count down all edges

Notes:
1. Only timer A3 is selectable. Timer A2 is fixed to normal processing operation, and timer A4 is fixed to

multiply-by-4 processing operation.
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Timer Ai mode register (i=2 to 4)
(When using two-phase pulse signal processing)

b6 b5 b4 b3 b2 bl bo Symbol Address After reset

| | |0|1|0|0|0|1| TA2MR to TAMR 039816 to 039A16 0016

Bit name Function RW
vororo1 4+ TMODO | Operation mode select bit |°'*° RW
T TMOD1 01 : Event counter mode RW
R S SR MRO To use two-phase pulse signal processing, set this bit to “0. RW
o] MR1 . . C et 4
b To use two-phase pulse signal processing, set this bit to “0”. RW
I RRRREREEE MR2 To use two-phase pulse signal processing, set this bit to “1”. RW
Lrmmmmmeneee oy MR3 To use two-phase pulse signal processing, set this bit to “0”. RwW
____________________ TCKo | Count operation type 0 : Reload type RW
select bit 1: Free-run type
Two-phase pulse signal ) )
........................ TCK1 processing operation 0 : Normal processing operation RW
select bit (Note 1)(Note 2) 1 : Multiply-by-4 processing operation

Note 1: TCK1 bit is valid for timer A3 mode register. No matter how this bit is set, timers A2 and A4 always operate in

normal processing mode and x4 processing mode, respectively.

Note 2: If two-phase pulse signal processing is desired, following register settings are required:

 Set the UDF register's TAIP bit to “1” (two-phase pulse signal processing function enabled) .
o Set the TRGSR register's TAIGH and TAIGL bits to “002” (TAIIN pin input).
o Set the port direction bits for TA iIN and TAiouT to “0” (input mode).

Figure 9.9 TA2MR to TA4AMR Registers in Event Counter Mode (when using two-phase
pulsesignal processing with timer A2, A3 or A4)
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9.1.3 One-shot Timer Mode

In one-shot timer mode, the timer is activated only once by one trigger. (See Table 9.4.) When the trigger

occurs, the timer starts up and continues operating for a given period. Figure 9.10 shows the TAIMR register in
one-shot timer mode.

Table 9.4 Specifications in One-shot Timer Mode
ltem Specification
Count source f1, f2, f8, f32, fc32
Count operation * Down-count

+ When the counter reaches 000018, it stops counting after reloading a new value
« If a trigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio 1/n  n:setvalue of TAi register 000016 to FFFF16
However, the counter does not work if the divide-by-n value is set to 000016.
Count start condition TAIS bit of TABSR register = “1” (start counting) and one of the following

triggers occurs.

« External trigger input from the TAIIN pin

* Timer B2 overflow or underflow,
timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,
timer Ak (k=i+1, except k=0 if i=4) overflow or underflow

» The TAIOS bit of ONSF register is set to “1” (= timer starts)

Count stop condition * When the counter is reloaded after reaching “000016”

» TAIS bit is set to “0” (= stop counting)

Interrupt request generation timing | VWhen the counter reaches “000016”

TAIIN pin function I/O port or trigger input

TAIiouUT pin function I/O port or pulse output

Read from timer An indeterminate value is read by reading TAi register

Write to timer * When not counting and until the 1st count source is input after counting start

Value written to TAIi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAi register is written to only reload register
(Transferred to counter when reloaded next)
Select function * Pulse output function

The timer outputs a low when not counting and a high when counting.
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Timer Ai mode register (i=0 to 4)
b7 06 bS b4 b3 b2 b1 b0 Symbol Address After reset
[ ] [o] [ ] [1]o] TAoMRioTAGMR 039616 t0 03016 0016
p o041 [ Bit symbol Bit name Function RW
P14 r 4+ TMODO | operation mode select bit[®* o _ RW
I I A TMOD1 1 0 : One-shot timer mode RW
A MRO Pulse output function 0 : Pulse is not output
e select bit (TAiouT pin functions as 1/O port) RW
R T 1 : Pulse is output (Note 1)
E : : : : (TAiouT pin functions as a pulse output pin)
A MR1 External trigger select |0 : Falling edge of input signal to TAin pin (Note 3)
ooy oy TTTTTTTT bit (Note 2) 1 : Rising edge of input signal to TAiIN pin (Note 3) RwW
MR2 Trigger select bit 0 : TAIOS bit is enabled
Ihhhhbhhh b 1 : Selected by TAITGH to TAITGL bits Rw
 RERREEEEEEELEE MR3 Must be set to “0” in one-shot timer mode RwW
S RGLGLETEETEPERE TCKO Count source select bit |7 RW
. 00:frorf2
! 01:fs8
T TCK1 10:f32
11:fc32 RW
Note 1: TAOOUT pin is N-channel open drain output.
Note 2: Effective when the TAITGH and TAITGL bits of ONSF or TRGSR register are ‘002’ (TAIIN pin input).
Note 3: The port direction bit for the TAIiIN pin must be set to “0” (= input mode).

Figure 9.10

TAIMR Register in One-shot Timer Mode
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9.1.4  Pulse Width Modulation (PWM) Mode

In PWM mode, the timer outputs pulses of a given width in succession (see Table 9.5). The counter functions as
either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure 9.11 shows TAiMR register in pulse
width modulation mode. Figures 9.12 and 9.13 show examples of how a 16-bit pulse width modulator operates
and how an 8-bit pulse width modulator operates.

Table 9.5 Specifications in PWM Mode

ltem Specification
Count source f1, f2, f8, f32, fc32
Count operation » Down-count (operating as an 8-bit or a 16-bit pulse width modulator)

* The timer reloads a new value at a rising edge of PWM pulse and continues counting
» The timer is not affected by a trigger that occurs during counting

16-bit PWM  High level width n/ fj n : set value of TAi register (i=o to 4)

* Cycle time (26-1)/fjfixed  fj: count source frequency (f1, f2, fs, f32, fc32)
8-bit PWM * High level width nx(m+1)/fi n:setvalue of TAi register high-order address

* Cycletime (28-1)x (m+1)/fi m: set value of TAi register low-order address
Count start condition * TAIS bit of TABSR register is set to “1” (= start counting)

» The TAIS bit = 1 and external trigger input from the TAIIN pin
» The TAIS bit = 1 and one of the following external triggers occurs
* Timer B2 overflow or underflow,

timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,

timer Ak (k=i+1, except k=0 if i=4) overflow or underflow

Count stop condition TAIS bit is set to “0” (= stop counting)

Interrupt request generation timing [ PWM pulse goes “L”

TAIIN pin function I/O port or trigger input

TAIoUT pin function Pulse output

Read from timer An indeterminate value is read by reading TAi register

Write to timer * When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to TAI register is written to only reload register

(Transferred to counter when reloaded next)
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b7 b6 b5 b4 b3 b2 bl

b0
1]

Timer Ai mode register (i= 0 to 4)

Symbol Address After reset
TAOMR to TA4MR 039616 to 039A16 0016
Bit symbol Bit name Function RW
TMODO  |Operation mode ;‘ "1" - PWM mod RwW
TMOD1  |select bit : mode (Note 1) | RW
MRO Must be set to “1” in PWM mode RW
MR1 External trigger select 0: Falling edge of input signal to TAiN pin(Note 3) [ o/
bit (Note 2) 1: Rising edge of input signal to TAIIN pin(Note 3)
MR2 Trigger select bit 0 : Write “1” to TAIS bit in the TABSR register | ryy
1 : Selected by TAITGH to TAITGL bits
MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator RW
select bit 1: Functions as an 8-bit pulse width modulator
b7 b6
TCKO Count source select bit |00 : f1orf2 RW
01:fs
10:f32
e 11:fesz RW

Note 1: TAOOUT pin is N-channel open drain output.
Note 2: Effective when the TAITGH and TAITGL bits of ONSF or TRGSR register are “00"2 (TAi IN pin input).
Note 3: The port direction bit for the TAIIN pin must be set to “0” (= input mode).

Figure 9.11

TAIMR Register in PWM Mode
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1/1fix (2% = 1)

.-
y
Count source !
H

. W I 1 I 1 1
Input signal to | i |
TAIIN pin “@n AN |

PWM pulse output H’ ‘
from TAiOUT pin | | |

IR bit of TAIIC “1”
register w____
fj: Frequency of count source \ /

= O(T(; ':f fe, fa2, fca2) Set to “0” upon accepting an interrupt request or by writing in program

Note 1: n = 000016 to FFFE16.

Note 2: This timing diagram is for the case where the TAi register is ‘000316,” the TAITGH and TAITGL bits of ONSF
or TRGSR register = ‘002’ (TAIIN pin input), the MR1 bit of TAIMR register = 1 (rising edge), and the MR2
bit of TAIMR register = 1 (trigger selected by TAITGH and TAITGL bits).

g

Figure 9.12  Example of 16-bit Pulse Width Modulator Operation

1/fi X (m+1) X(28=1)

countsource tvoet) ([T T

Input signal to H” ‘
TAIIN pin  » } !
i , o 1/fX (m+1)

Underflow signal of ~ “H" | i — - - — — —
8-bit prescaler (Note2) « |_| I_| |_I |_| |_| |_| | | |

PWM pulse output H

from TAiOUT pin o | o

IR bit of TAIIC “1"

register ¢ 1 -

fj: Frequency of count source
(f1, f2, fs, f32, fC32) Set to “0” upon accepting an interrupt request or by writing in program
i=0to4

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

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

Note 3: m = 0016 to FF16; n = 0016 to FE16.

Note 4: This timing diagram is for the case where the TAi register is ‘020216,” the TAITGH and TAITGL bits of ONSF or
TRGSR register = ‘002’ (TAIIN pin input), the MR1 bit of TAIMR register = 0 (falling edge), and the MR2 bit of
TAIMR register = 1 (trigger selected by TAITGH and TAITGL bits).

Figure 9.13 Example of 8-bit Pulse Width Modulator Operation
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9.2 Timer B

Figure 9.14 shows a block diagram of the timer B. Figures 9.15 and 9.16 show registers related to the timer B.
Timer B supports the following three modes. Use the TMOD1 and TMODO bits of TBiMR register (i = 0 to 5) to
select the desired mode.

* Timer mode: The timer counts an internal count source.

* Event counter mode: The timer counts pulses from an external device or overflows or underflows of other
timers.

* Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or pulse width.

§ Data bus high-order bits (
Clock source selection § Data bus low-order bits (
Timer [ ﬂLow-order 8 bits U High-order 8 bits
f1 or f2 : d
Ol —20 « Pulse period measurement, | Reload register |
f8 —0 pulse width measurement
f32 Clock selection l ] [ J l
fC32_o » Event counter Counter |
A
TBilN Polarity switching, TABSR re.gister
(i=0to5) O— edge pulse TBSR register
Counter reset circuit |_

Can be selected in only
event counter mode

TBi Address TBj

TBj overflow (Note) ————O Timer BO 039116 039016 Timer B2

(j=i-1. Note, however, Timer B1 039316 039216 Timer BO

j=2wheni=0, Timer B2 039516 039416 Timer B1

j=5wheni=3) Timer B3 035116 035016 Timer B5

Timer B4 035316 035216 Timer B3

Note: Overflow or underflow. Timer B5 035516 035416 Timer B4

Figure 9.14  Timer B Block Diagram
Timer Bi mode register (i=0 to 5)
Symbol Address After reset

|b7 b6 b "4|b3|b2|“ b0 TBOMR to TB2MR  039B16 to 039D16  00XX00002

TB3MR to TBS5MR  035B16 to 035D16  00XX00002

[ Bit symbol Bit name Function RwW

E b TMODO Operation mode select bit 81 60: Timer mode RwW
R ‘ 0 1 : Event counter mode

. TMOD1 1 0 : Pulse period measurement mode,
e pulse width measurement mode RwW
[ 11 : Must not be set

E : : : : RERRR MRO P Function varies with each operation RW
- P MR1 mode RwW
P MR2 RW
LT S ER——. | (Note 1)
P (Note 2)
T CCLLTTEERTS MR3 RO
Pt TCKO Count source select bit Function varies with each operation RwW
R TCK1 mode RW

Note 1: Timer BO, timer B3.
Note 2: Timer B1, timer B2, timer B4, timer B5.

Figure 9.15 TBOMR to TB5MR Registers
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Pulse width

modulation mode

Timer Bi register (i=0 to 5)(Note 1)  Symbol Address After reset
TBO 039116, 039016  Indeterminate
(b15) (b8) TB1 039316, 039216  Indeterminate
b7 b0 b7 b0 TB2 039516, 039416  Indeterminate
| | TB3 035116, 035016 Indeterminate
T TB4 035316, 035216  Indeterminate
: TB5 035516, 035416  Indeterminate
Mode Function Setting range |RW
*==-1 Timer mode Divide the count source by n + 1 000016 to FFFF16 RW
where n = set value
Event counter Divide the count source by n + 1 000016 to FFFF16 | Ry
mode where n = set value (Note 2)
Pulse period Measures a pulse period or width
modulation mode, RO

Note 1: The register must be accessed in 16 bit units.
Note 2: The timer counts pulses from an external device or overflows or underflows of other timers.

Count start flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | TABSR 038016 0016
Bit symbol Bit name Function RW
i i i i i i i < TAOS Timer AO count start flag 0 : Stops counting RW
e TA1S Timer A1 count start flag 1 : Starts counting RW
— TA2S Timer A2 count start flag RW
I T A R TA3S Timer A3 count start flag RW
R T TA4S Timer A4 count start flag RwW
 SCOLGEEEEETEEEE TBOS Timer BO count start flag RW
E S TB1S Timer B1 count start flag RW
] TB2S Timer B2 count start flag RW
Timer B3, B4, B5 count start flag
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset
|: i $ $ $ ;| TBSR 034016 000XXXXX2
Bit symbol Bit name Function RW
E — Nothing is assigned. When write, set to “0”. When read, their _
SRR (b4-b0) [ contents are indeterminate.
e TB3S Timer B3 count start flag 0 : Stops counting RW
[ 1 : Starts counting
S ARRLLEEEEEEEEEE TB4S Timer B4 count start flag RW
R — TB5S Timer B5 count start flag RW
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
CPSRF 038116 OXXXXXXX2
P11 | Bitsymbol Bit name Function RW
O ST S S Nothing is assigned. When write, set to “0”. When read, their _
: (b6-b0) | contents are indeterminate.
CPSR | Clock prescaler reset flag| Setting this bit to “1” initializes the
e ] prescaler for the timekeeping clock.  |RW|
(When read, the value of this bit is “0”.)

Figure 9.16  TBO to TB5 Registers, TABSR Register, TBSR Register, CPSRF Register
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9.2.1 Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 9.6). Figure 9.17 shows TBiMR
register in timer mode.

Table 9.6 Specifications in Timer Mode
ltem Specification
Count source f1, f2, fs, f32, fC32
Count operation « Down-count

* When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio 1/(n+1) n: set value of TBiregister (= 0to 5) 000016 to FFFF16

Count start condition Set TBiS bit(Note) to “1” (= start counting)

Count stop condition Set TBiS bit to “0” (= stop counting)

Interrupt request generation timing | Timer underflow

TBIIN pin function 1/O port

Read from timer Count value can be read by reading TBi register

Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TBi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TBi register is written to only reload register
(Transferred to counter when reloaded next)

Note : The TBOS to TB2S bits are assigned to the TABSR register bit 5 to bit 7, and the TB3S to TB5S bits
are assigned to the TBSR register bit 5 to bit 7.

Timer Bi mode register (i= 0 to 5)

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

| | | | | | | 0 | 0 | TBOMR to TB2MR  039B16 to 039D16 00XX00002
i B I S S M TB3MR to TB5MR  035B16 to 035D16 00XX00002
H 1 | Bit symbol Bit name Function RW
o a0 Y T™MOoDO i i | breo RW
A Operation mode select bit 00 : Timer mode
i TMOD1 RW
R MRO Has no effect in timer mode RwW
Voo ] MR1 Can be set to “0” or “1” RW

R MR2 TBOMR, TB3MR registers

A Must be set to “0” in timer mode RW
N TB1MR, TB2MR, TB4MR, TB5MR registers
. Nothing is assigned. When write, set to “0”. When read, its J—
. ' . content is indeterminate
R SRRRRCEECELEE MR3 When write in timer mode, set to “0”. When read in timer mode, its RO
N content is indeterminate.
, B L EE LT . b7 b6
' TCKO Count source select bit 00:f1orf RW
o 01:fs

TCK1 10:f32 RW

11:fca2

Figure 9.17 TBiMR Register in Timer Mode
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9.2.2 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of other
timers (see Table 9.7) . Figure 9.18 shows TBiMR register in event counter mode.

Table 9.7 Specifications in Event Counter Mode
ltem Specification
Count source « External signals input to TBIIN pin (i=0 to 5) (effective edge can be selected
in program)
« Timer Bj overflow or underflow (j=i-1, except j=2 if i=0, j=5 if i=3)
Count operation * Down-count

* When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio 1/(n+1) n: set value of TBi register 000016 to FFFF16

Count start condition Set TBIS bit! to “1” (= start counting)

Count stop condition Set TBiS bit to “0” (= stop counting)

Interrupt request generation timing | Timer underflow

TBIIN pin function Count source input

Read from timer Count value can be read by reading TBi register

Write to timer * When not counting and until the 1st count source is input after counting start

Value written to TBi register is written to both reload register and counter
» When counting (after 1st count source input)

Value written to TBi register is written to only reload register

(Transferred to counter when reloaded next)

Notes:
1. The TBOS to TB2S bits are assigned to the TABSR register bit 5 to bit 7, and the TB3S to TB5S bits
are assigned to the TBSR register bit 5 to bit 7.

Timer Bi mode register (i=0 to 5)

TB1MR, TB2MR, TB4MR, TB5MR registers
Nothing is assigned. When write, set to “0”. When read, its
content is indeterminate.

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

| | | | | | | O| 1 | TBOMR to TB2MR  039B16 to 039D 16 00XX00002
B I I I I A TB3MR to TB5MR  035B16 to 035D 16 00XX00002
A T symbol Bit name Function RW
-1 TMODO Operation mode select bit | b*2° RwW
Pooron 0 1: Event counter mode
Voo e TMOD1 RwW
P MRO Count polarity select psp2
e bit l(JNotZ 1) b 0 0 : Counts external signal's RW
oo falling edges
. 0 1: Counts external signal's
Vo rising edges
S MRA1 1 0 : Counts external signal's
E E i falling and rising edges RW
oo 11 : Must not be set
P TBOMR, TB3MR registers RW
oo MR2 Must be set to “0” in event count mode

b MR3 When write in event counter mode, set to “0”. When read in event
Co T counter mode, its content is indeterminate. RO
____________________ TCKO Has no effect in event counter mode.
Can be set to “0” or “1”. Rw
TCKA1 Event clock select 0 : Input from TBIIN pin (Note 2)
"""""""""""" 1 : TBj overflow or underflow RW
(j=i—1,exceptj=2ifi=0,
j=5ifi=3)

Note 1: Effective when the TCK1 bit = “0” (input from TBIIN pin). If the TCK1 bit = “1” (TBj overflow or underflow), these
bits can be set to “0” or “1”.
Note 2: The port direction bit for the TBiIN pin must be set to “0” (= input mode).

Figure 9.18  TBiMR Register in Event Counter Mode
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9.2.3 Pulse Period and Pulse Width Measurement Mode

In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of an
external signal (see Table 9.8). Figure 9.19 shows TBiMR register in pulse period and pulse width measurement
mode. Figure 9.20 shows the operation timing when measuring a pulse period. Figure 9.21 shows the operation
timing when measuring a pulse width.

Table 9.8 Specifications in Pulse Period and Pulse Width Measurement Mode

Item

Specification

Count source

f1, f2, fs, f32, fC32

Count operation

» Up-count
* Counter value is transferred to reload register at an effective edge of mea-
surement pulse. The counter value is set to “000016” to continue counting.

Count start condition

Set TBIS (i=0 to 5) bit3 to “1” (= start counting)

Count stop condition

Set TBiS bit to “0” (= stop counting)

Interrupt request generation timing

+ When an effective edge of measurement pulse is input’

* Timer overflow. When an overflow occurs, MR3 bit of TBiMR register is set
to “1” (overflowed) simultaneously. MR3 bit is cleared to “0” (no overflow) by
writing to TBiIMR register at the next count timing or later after MR3 bit was
set to “1”. At this time, make sure TBIS bit is set to “1” (start counting).

TBIIN pin function

Measurement pulse input

Read from timer

Contents of the reload register (measurement result) can be read by reading TBi register?

Write to timer

Value written to TBi register is written to neither reload register nor counter

Notes:

1. Interrupt request is not generated when the first effective edge is input after the timer started counting.

2. Value read from TBi register is indeterminate until the second valid edge is input after the timer starts counting.

3. The TBOS to TB2S bits are assigned to the TABSR register bit 5 to bit 7, and the TB3S to TB5S bits are assigned
to the TBSR register bit 5 to bit 7.

b7 b6 b5 b4 b3 b2 b1 b0

LI LT T [rfo]

Timer Bi mode register (i=0 to 5)

Symbol Address After reset

TBOMR to TB2MR  039B16 to 039D16 00XX00002
TB3MR to TBSMR  035B16 to 035D 16 00XX00002
Bit symbol Bit name Function RW
. b1b0
TMODO Opl)er?ttl)c_:otn mode 0 : Pulse period / pulse width RwW
TMODA1 select bi measurement mode RW
b3 b2
MRO Q/Ie?:;ugﬁment mode 0 0 : Pulse period measurement
(Measurement between a falling edge and the RW
next falling edge of measured pulse)
0 1 : Pulse period measurement
(Measurement between a rising edge and the next
MR1 rising edge of measured pulse)
10 : Pulse width measurement
(Measurement between a falling edge and the RW
next rising edge of measured pulse and between
a rising edge and the next falling edge)
11 : Must not be set.
MR2 TBOMR and TB3MR registers RwW
Must be set to “0” in pulse period and pulse width measurement mode |
TB1MR, TB2MR, TB4MR, TB5MR registers
Nothing is assigned. When write, set to “0”. When read, its content turns out to be —_—
indeterminate.
MR3 Timer Bi overflow 0 : Timer did not overflow
flag ( Note) 1 : Timer has overflowed RO
TCKO Count source e RW
select bit 00 : frorf2
01:fs
10:f32
e 11 fos RW

Note: This flag is indeterminate after reset. When the TBiS bit = 1 (start counting), the MR3 bit is cleared to “0” (no overflow) by writing
to the TBIMR register at the next count timing or later after the MR3 bit was set to “1” (overflowed). The MR3 bit cannot be set to
“1”in a program. The TBOS to TB2S bits are assigned to the TABSR register's bit 5 to bit 7, and the TB3S to TB5S bits are
assigned to the TBSR register's bit 5 to bit 7.

Figure 9.19  TBIiMR Register in Pulse Period and Pulse Width Measurement Mode
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Count source

Measurement pulse

ransfer

==

Transfer

transfer timing

Timing at which counter
reaches “000016”

ndeterminate value) /(measured value)i

Reload register+ counter ‘ |_|

_

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

from falling edge to falling edge of the measurement pulse).

aqr | B 1
TBiS bit ' !
T— 1 s
TBIIC register's “1” ‘ ‘
IR bit “r
Set to “0” upon accepting an interrupt request or by writing in
) ) e program |
TBIMR register's
MR3 bit “0” --
The TBOS to TB2S bits are assigned to the TABSR register's bit 5 to bit 7, and the TB3S to TB5S bits
are assigned to the TBSR register's bit 5 to bit 7.
i=0to5

Note 3: This timing diagram is for the case where the TBIMR register's MR1 to MRO bits are “002” (measure the interval

Figure 9.20

Operation timing when measuring a pulse period

Count source

Measurement pulse

uLn : : [
11 Transfer i+ Transfer
Reload register + counter
transfer timing

1/11 (indeterminate/" (measured value)
/1 value) d

1 Transfer

I |
(measured ;& (measured value)
)
'_/i’value) |_/|“

i Transfer

i/' (Note 1) I/,(Note 1)
1 [1

Timing at which counter
reaches “000016”

3/(Note 1)/1(Note 1)

1

1

TBIS bit ‘1

i=0t05 are assigned to the TBSR register's bit 5 to bit 7.

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

measurement pulse).

“0” 4 '
TBIIC register's v _li
IR b|t g “0” | | | u_|_ -
o X |
Set to “0” upon accepting an interrupt request or by
“1” writing in program
TBIMR register's “ .
MR3 bit

The TBOS to TB2S bits are assigned to the TABSR register's bit 5 to bit 7, and the TB3S to TBS5S bits

Note 3: This timing diagram is for the case where the TBIMR register's MR1 to MRO bits are “102” (measure the interval
from a falling edge to the next rising edge and the interval from a rising edge to the next falling edge of the

Figure 9.21

Operation timing when measuring a pulse width
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10. Serial I/O
Serial I/O is configured with five channels: UARTO to UART2, SI/O3 and SI/OA4.

10.1  UARTI (i=0 to 2)

UARTi each have an exclusive timer to generate a transfer clock, so they operate independently of each other.
Figure 10.1 shows the block diagram of UARTi. Figures 10.2 shows the block diagram of the UARTi transmit/
receive.

UARTi has the following modes:
* Clock synchronous serial I/O mode
* Clock asynchronous serial I/O mode (UART mode).
* Special mode 1 (I2C mode)
* Special mode 2
* Special mode 3 (Bus collision detection function, IE mode) : UARTO0, UART1
* Special mode 4 (SIM mode) : UART2

Figures 10.3 to 10.8 show the UARTi-related registers.
Refer to tables listing each mode for register setting.
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Main clock

(UARTO)

f2si0

PCLK1=0
o

f1s10 or f2s10

Clock synchronous

External type

Clock synchronous type
(when internal clock is selected)
AWNEN INTerna? S10%

\CKDIR=0

Q

ontrol circuit |

TxD
O RxD polarity || polarity O
RxDo reversing circuit reversing TxDo
. circuit
Clock source selection UART reception Receive
Reception clock
COLUIZ1 to CLKO Clock synchronous ! control circuit m it
f1S10 or f2s10 type | ransmi
fesio 012, ] receive
32510 102 UART transmission ! ‘ Transmit unit
External —o L I Transmission controll clock
Clock synchronous circuit
type ]
Clock synchronous type
(when internal clockis selected)
CKDIR=0|
Clock synchronous type \
CKPOL o (when external clock is selected) 5 ckpjR=1
Clock synchronous type
when internal clock is selected
CLK
polarity
CLKOG reversing AN
circuit
CTSIRTS selected CTS/RTS disabled
CRs= RTS0
CTS0/RTS0
CRS=0 ~ “H”
l CTSIRTS disabled
CRO=t CTso
CTSo from UART1 ———o CRD=0
RCSP=1
( ) TxD
RxD polarity polarity
RxD1 O reversin; circuit reversing TxD1
UART i circuit
Clock source selection reception Receive
CLK1 to CLKO Clock h Reception clock
OCK synchronous _ control circuit T it/
fisio or f2s10 —2220 U1BRG type ! ransmi
fasio 012 Internal CKDIR=0 register ' unit
32510 102 © Q 1/ (n1+1 ) UART transmission | Transmit
! Transmission | | clock
Clock synchronous trol circuit
External|  cKDIR=1 type Y/ control circuit |
Clock synchronous type
(when internal clocis selected)|
\CKDI =
Clock synchronous type
CKPOL (when external clock is selected CKDIR=1
CLK (CI(:]Ck s_y{\chrolnclJusktype Jocted)
polarity _, (When internal clock is selecte
CLK1 O— reversing CLKMD0=0
circuit
CLKMDO=1 \I
Clock output ]
e pin select CTS/RTS selected  CTS/RTS disabled
8$§1//CRI:I—KSS1/ CLKMD1=1 CRS=1 RTS1
0 1 CLKMD1=0 cRs=0 N
CTS/RTS disabled e
l CRD=1 RCSP=0 CTS1
CRD=0 o——— CTSo from UARTO
(UARTZ) RCSP=1 _
X
RxD RxD polarity polarity
xD2 reversing circuit — reversing _( ) TxD2
. circuit
Clock source selection UART reception, Receive
CLK1 to CLKO Reception clock (Note)
Clock synchronous control circuit Transmit/
type '
1810 or f2s10 P! : receive
012, |
f;iz‘lg UART transmission ! Transmit unit
! Transmission | clock

i=0to 2

ni: Values set to the UIBRG register

SMD2 to SMDO, CKDIR: UiMR register's bits

CLK1 to CLKO, CKPOL, CRD, CRS: UiCO register's bits
CLKMDO, CLKMD1, RCSP: UCON register's bits

Note: UART2 is the N-channel open-drain output. Cannot be set to the CMOS output.

Clock synchronous type
CKPOL (when external clock is selected CKDIR=1
Clock synchronous type
CLK (when internal clock is selected)
polarity
CLK2 07 reversing \I
circuit
CTSIRTS CTS/RTS disabled
selected CRS=1 RTS2
CTS2/RTS2 RS0 upp
l CTSIRTS disabled
CRD=1 CTS2
% cRD=0

Figure 10.1 UARTi Block Diagram
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No reverse

10POL=0
. O RxD data

o)
Reverse |opoL=1

Clock
synchronous type

UART

PAR
disabled ok (7 bits) o ‘
sylr)éhronous UART(7 bits) UARTI receive register
PRYE=0 |type
ZSP _ o
STPS=1 PAR PRYE=1 UART Clock
enabled synchronous type
0:0:0:0:0:0;0i{Ds| |DriDeiDs;iDaiDsiDziDiiDo]| URBregster

‘ ‘ | Logic reverse circuit + MSB/LSB conversion circuitl

Data bus high-order bits

Data bus low-order bits

G E

| Logic reverse circuit + MSB/LSB conversion circuitl

(d

|Dg| |D7§D65D5§D4§D3§D2§D1§D0| UITB register

UART

(9 bits) UART

(8 bits)

UART

(9 bits)

Clock
synchronous type

PAR
2SP sTps=1 enabled pRYE=1 UART
O O Q

UART
(7 bits)
UART

UARTIi transmit register

Clock
synchronous

UART(7 bits)

PAR

disabled type (8 bits)
Clock
synchronous type
i=0to 2 Error signal output .
SP: Stop bit UERE= disable oPOL0 No reverse
PAR: Parity bit i TxD dat: i
SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: UIMR register's bits UlER(E)=T| ey }}Z;'_T" reverse qircuit TXDi
UIERE: UiC1 reglsters bit Error signal output Reverse

enable

Figure 10.2  UARTi Transmit/Receive Unit
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UARTI transmit buffer register (i=0 to 2)(Note)

(b15) (b8) Symbol Address After reset
b7 b0 b7 b0 uoTB 03A316-03A216 Indeterminate
|><|><|><|><|><|><|><| | | u1TB 03AB16-03AA16 Indeterminate
u2TB 037B16-037A16 Indeterminate
Function RW
s LR Transmit data \iYe}

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

Note: Use MOV instruction to write to this register.

UARTI receive buffer register (i=0 to 2)

(b15) (b8) Symbol Address After reset
o7 b0 b7 Lo UORB  03A7:-03A616 Indeterminate
| U1RB 03AF16-03AE 16 Indeterminate
T U2RB 037F16-037E16 Indeterminate
syEﬂILol Bit name Function RW
e (b7_-b0) — Receive data (D7 to Do) RO
---------------------- (8) E— Receive data (Ds) RO

- Nothing is assigned.
(b10-b9) | In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”.

................................ ABT | Arbitration lost detecting 0 : Not detected

flag (Note 2) 1: Detected RW

____________________________________ OER [ Overrun error flag (Note 1) | 0 : No overrun error
1 : Overrun error found RO

........................................ FER | Framing error flag (Note 1) | 0 : No framing error
1 : Framing error found RO
------------------------------------------- PER | Parity error flag (Note 1) 0 : No parity error RO

1 : Parity error found
............................................... SUM | Error sum flag (Note 1) 0 : No error RO

1 : Error found

Note 1: When the UiMR register’s SMD2 to SMDO bits = “0002" (serial I/O disabled) or the UiC1 register’s RE bit = “0” (reception disabled), all of the SUM,
PER, FER and OER bits are set to “0” (no error). The SUM bit is set to “0” (no error) when all of the PER, FER and OER bits = “0” (no error).
Also, the PER and FER bits are set to “0” by reading the lower byte of the UiRB register.

Note 2: The ABT bit is set to “0” by writing “0” in a program. (Writing “1” has no effect.)

UARTI bit rate generator (i=0 to 2)(Notes 1, 2)

b7 b0 Symbol Address After reset
UOBRG 03A11s Indeterminate
| U1BRG 03A916 Indeterminate
' U2BRG 037916 Indeterminate
Function Setting range RW
L Assuming that set value = n, UiBRG divides the count source 0016 to FF1s W)
""""""""""""""""""""" byn+1

Note 1: Write to this register while serial I/O is neither transmitting nor receiving.
Note 2: Use MOV instruction to write to this register.

Figure 10.3  UOTB to U2TB Register, UORB to U2RB Register, and UOBRG to U2BRG Register
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UARTI transmit/receive mode register (i=0 to 2)
b7 b6 b5 b4 b3 b2 bl b0
| | | Symbol Address After reset
. I N N UOMR to U2MR  03A016, 03A816, 037816 0016
Poror b [ B o Function
bbb 11| symbol it name RW
] v ) oo
Do SMDO | Serial 1/0 mode select bit| 000 : Serial I/0 disabled RW
voron (Note 2) 00 1: Clock synchronous serial /0 mode
Pl b SMD1 010: 12C mode (Note 3)
o 10 0 : UART mode transfer data 7 bits long RwW
. 10 1: UART mode transfer data 8 bits long
T SMD2 110 : UART mode transfer data 9 bits long RW
E . Must not be set except above
it CKDIR [Internal/external clock 0 : Internal clock RW
' select bit 1: External clock (Note 1)
e STPS | stop bit length select bit | 0 : One stop bit
P & 1 : Two stop bits RW
.................. PRY | Odd/even parity select bit | Effective when PRYE = 1
0 : Odd parity RW
1: Even parity
-------------------- PRYE Parity enable bit 0 : Parity disabled RW
1 : Parity enabled
________________________ joPOL | TxD, RxD I/O polarity 0 : No reverse RW
reverse bit 1:Reverse
Note 1: Set the corresponding port direction bit for each CLKi pin to “0” (input mode).
Note 2: To receive data, set the corresponding port direction bit for each RxDi pin to “0” (input mode).
Note 3: Set the corresponding port direction bit for SCL and SDA pins to “0” (input mode).
UARTI transmit/receive control register 0 (i=0 to 2)
b7 b6 b5 b4 b3 b2 b1 b0
Symbol Address After reset
| | | | | | | | | UOCO to U2CO  03A416, 03AC16, 037C16 000010002
; o Bit Bit name Function RW
: ¢ 1| symbol
: b o150
' i *1 CLKO | BRG countsource 00 : f1si0 or f2s10 is selected RW
: : select bit 01:fasio is selected
: t---1 CLK1 10 : fa2sio is selected RW
: 11 : Must not be set
R CRS | CTS/RTS function Effective when CRD = 0
' select bit 0 : CTS function is selected (Note 1) RW
! (Note 4) 1: RTS function is selected
S TXEPT | Transmit register empty |0 : Data present in transmit register (during transmission)
! flag 1 : No data present in transmit register RO
' (transmission completed)
: CRD | CTS/RTS disable bit 0 : CTS/RTS function enabled
N S — SEPE P11 CTSIRTS function disabled RW
! (P60, P64 and P73 can be used as /O ports)
_________________ NCH Data output select bit 0 : TxDi/SDAIi and SCLi pins are CMOS output
(Note 2) 1 : TxDi/SDAi and SCLi pins are N-channel open-drain output RW
CKPOL | CLK polarity select bit 0 : Transmit data is output at falling edge of transfer clock
_____________________ y and receive data is input at rising edge RW
1: Transmit data is output at rising edge of transfer clock
and receive data is input at falling edge
........................ UFORM | Transfer format select bit |0 : LSB first RW
(Note 3) 1: MSB first
Note 1: Set the corresponding port direction bit for each CTSi pin to “0” (input mode).
Note 2: TxD2/SDA2 and SCL2 are N-channel open-drain output. Cannot be set to the CMOS output. Set the NCH bit of the U2C0
register to “0”.
Note 3: Effective for clock synchronous serial /O mode and UART mode transfer data 8 bits long.
Note 4: CTS1/RTS1 can be used when the UCON register's CLKMD1 bit = “0” (only CLK1 output) and the UCON register's RCSP bit =
“0” (CTS0/RTSo not separated).

Figure 10.4

UOMR to U2MR Register and U0CO to U2C0 Register
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UARTi transmit/receive control register 1 (i=0, 1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset

| | |><|><| | | | | uoc1, u1ct 03A516,03AD16 000000102
Bit Bit name Function RW
TE Transmit enable bit 0 : Transmission disabled RW
A 1 : Transmission enabled
A Tl Transmit buffer 0 : Data present in UiTB register RO
e empty flag 1: No data present in UiTB register
R RE Receive enable bit 0 : Reception disabled RW
oy 1 : Reception enabled
' PR RI Receive complete flag 0 : No data present in UiRB register RO
oo 1: Data present in UiRB register
] - Nothing is assigned. -
o (b5-b4) [ When write, set “0”. When read, these contents are “0”.
o UILCH | Data logic select bit 0 : No reverse RW
' 1: Reverse
_______________________ UIERE | Error signal output 0 : Output disabled RW

enable bit 1 : Output enabled

UART?2 transmit/receive control register 1
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After reset

| | | | | | | | | u2c1 037D16 000000102
Bit Bit name Function RW
oo v 1| symbol
TE Transmit enable bit 0 : Transmission disabled RW
A 1 : Transmission enabled
R A R TI | Transmit buffer 0 : Data present in U2TB register RO
empty flag 1 : No data present in U2TB register
A RE | Receive enable bit 0 : Reception disabled
oo e 1 : Reception enabled RW
] RI Receive complete flag 0 : No data present in U2RB register RO
oo 1 : Data present in U2RB register
E E E N U2IRS | UART2 transmit interrupt | O : Transmit buffer empty (Tl = 1) RW
o cause select bit 1: Transmit is completed (TXEPT = 1)
_________________ U2RRM | UART2 continuous 0 : Continuous receive mode disabled RW
receive mode enable bit | 1 : Continuous receive mode enabled
L] U2LCH | Data logic select bit 0: No reverse
! 1: Reverse RwW
_______________________ U2ERE | Error signal output 0 : Output disabled RW

enable bit 1 : Output enabled

Figure 10.5 UOC1 to U2C1 Registers
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UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 b1 bo

D U1RRM | UART1 continuous
receive mode enable bit

CLKMDO| UART1 CLK/CLKS
Rhhhh bt select bit 0

: Continuous receive mode disabled
: ; B RW
: Continuous receive mode enabled

Symbol Address After reset

|><| | | | | UCON 03B016 X00000002
P | Bt Bit Function RW
poror 1 | symbol name
b1t 1 UTUOIRS | UARTO transmit 0 : Transmit buffer empty (TI = 1)
T interrupt cause select bit | 1: Transmission completed (TXEPT = 1) RW
oo U1IRS | UART1 transmit 0 : Transmit buffer empty (Tl = 1)
[ interrupt cause select bit | 1 : Transmission completed (TXEPT = 1) RW
o] UORRM [ UARTO continuous 0 : Continuous receive mode disabled RW
v receive mode enable bit | 1: Continuous receive mode enable

ffective when CLKMD1 = “1”
: Clock output from CLK1 RW
: Clock output from CLKS1

: CLK output is only CLK1

CLKMD1| UART1 CLK/CLKS

O |l_oOom|=0°

VTt select bit 1 (Note) : Transfer clock output from multiple pins function RW
H selected
] RCSP | Separate UARTO 0: CTS/RTS shared pin R
CTS/RTS bit 1: CTS/RTS separated (CTSo supplied from the P64 pin)

________________________ (b7) Nothing is assigned. When write, set “0”. When read, its content is indeterminate. _

Note: When using multiple transfer clock output pins, make sure the following conditions are met:
U1MR register’s CKDIR bit = “0” (internal clock)

UART2 special mode register (i=0 to 2)

b7 b6 b5 b4 b3 b2 b1 b0
| 0 | | | | Symbol Address After reset
UOSMR to U2SMR  036F16, 037316, 037716 X00000002

5 AT Bit Function RW
e Pop ] omeo name

: P b1 1] lICM [ 12C mode select bit 0 : Other than 12C mode RW
' Lo 1:12C mode

: i+ 1 1 | ABC |Arbitration lost detecting | 0 : Update per bit RW
! o flag control bit 1 : Update per byte

E P BBS | Bus busy flag 0 : STOP condition detected RW
H R 1: START condition detected (busy) (Note1
E A S (b3) | Reserved bit Setto “0 RW
E e ABSCS | Bus collision detect 0 : Rising edge of transfer clock RW
H sampling clock select bit | 1 : Underflow signal of timer Aj (Note 2)

E ' ACSE | Auto clear function 0 : No auto clear function

[ e select bit of transmit 1: Auto clear at occurrence of bus collision RW
! enable bit

' sss | Transmit start condition | O - Not synchronized to RxDi

bk select bit 1 : Synchronized to RxDi (Note 3) RW

Nothing is assigned. When write, set “0”. When read, its content is indeterminate.
(b7) -

Note 1: The BBS bit is set to “0” by writing “0” in a program. (Writing “1” has no effect.).
Note 2: Underflow signal of timer A3 in UARTO, underflow signal of timer A4 in UART1, underflow signal of timer A0 in UART2.
Note 3: When a transfer begins, the SSS bit is set to “0” (Not synchronized to RxDi)

Figure 10.6 UCON Register and UOSMR to U2SMR Registers
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UARTI special mode register 2 (i=0 to 2)
b7 b6 b5 b4 b3 b2 b1 b0
Symbol Address After reset
| UOSMR2 to U2SMR2 036E1e, 037216, 037616  X00000002
E ' ' ' ' ' ' ' Bit Bit name Function RW
Vv 4 v 0 4 4 1| symbol
P b n b eM2 [ 12C mode select bit 2 Refer to Table 10.12 RW
A csc Clock-synchronous bit 0 : Disabled RW
Coor o e T 1: Enabled
Vo l : SWC SCL wait output bit 0 : Disabled
A 1: Enabled RW
A ALS SDA output stop bit 0 : Disabled RW
Vo 1: Enabled
R STAC | UARTI initialization bit 0 : Disabled RW
oo 1: Enabled
R EEEECEEEEE PR SWC2 [ SCL wait output bit 2 0: Transfer clock RW
P 1: “L” output
E Il ___________________ SDHI SDA output disable bit 0: Enabled RW
. 1: Disabled (high impedance)
— Nothing is assigned. When write, set “0”. When read, its content is .
"""""""""""" (b7) indeterminate.
UARTI special mode register 3 (i=0 to 2)
b7 b6 b5 b4 b3 b2 b1 b0
Symbol Address After reset
| | | I><I |><| |><| UOSMR3 to U2SMR3  036D16, 037116, 037516  000X0X0X2

E E E E E E E E Bit Bit name Function RwW
4 4 4. 1 4 4 | symbol : uncti
; R Nothing is assigned. —
cor oo w1+ (b0) | When write, set “0”. When read, its content is indeterminate.
, CKPH | Clock phase set bit 0 : Without clock delay RW
e 1 : With clock delay
o — Nothing is assigned. L
e e LEr (b2) When write, set “0”. When read, its content is indeterminate.
oo NODC | Clock output select bit | 0 : CLKi is CMOS output
ooy mEmmmmeee e 1: CLKi is N-channel open drain output RwW
. - Nothing is assigned. _
[ (b4) When write, set “0”. When read, its content is indeterminate.
Co ] DLO | sDAI digital delay b7 b6 b5 RW
P setup bit 0 0 0: Without delay
. (Note 1, Note 2) 0 0 1:1to 2 cycle(s) of UBRG count source
v DL1 0 1 0:2to 3 cycles of UIBRG count source
e 0 1 1:3to4 cycles of UIBRG count source RwW
' 1 0 0:4to 5 cycles of UBBRG count source
! DL2 1 0 1:5to 6 cycles of UBBRG count source
R 1 1 0:6to 7 cycles of UBBRG count source RW

1 1 1:7 to 8 cycles of UIBRG count source

Note 1 : The DL2 to DLO bits are used to generate a delay in SDAi output by digital means during 12C mode. In other than 12C
mode, set these bits to “0002” (no delay).
Note 2 : The amount of delay varies with the load on SCLi and SDAI pins. Also, when using an external clock, the amount of
delay increases by about 100 ns.

Figure 10.7 UOSMR2 to U2SMR2 Registers and UOSMR3 to U2SMR3 Registers
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UARTi special mode register 4 (i=0 to 2)

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After reset

| | UOSMR4 to U2SMR4 036C16, 037016, 037416 0016
A : i
ooy e e Bit name Function RwW
T R R symbol
©1 1 4 11 1| STAREQ | Start condition 0: Clear RW
or e e generate bit (Note) 1: Start
A RSTAREQ | Restart condition 0: Clear RW
oor e T generate bit (Note) 1: Start
A STPREQ | Stop condition 0: Clear
A generate bit (Note) 1: Start RW
E . , . ] STSPSEL | sSCL,SDA output 0 : Start and stop conditions not output RW
. select bit 1 : Start and stop conditions output
D ecieieao ] ACKD ACK data bit 0:ACK RW
oo 1:NACK
R EEELEEEPEEY ACKC | ACK data output 0 : Serial I/0 data output RW
enable bit 1 : ACK data output
___________________ SCLHI SCL output stop 0 : Disabled
: enable bit 1 : Enabled RW
: SWC9 | SCL wait bit 3 0 : SCL “L” hold disabled
"""""""""""" 1: SCL “L” hold enabled RwW
Note: Set to “0” when each condition is generated.
Figure 10.8 UOSMR4 to U2SMR4 Registers
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10.2 Clock Synchronous serial /0 Mode

The clock synchronous serial /O mode uses a transfer clock to transmit and receive data. Table 10.1 lists the
specifications of the clock synchronous serial I/O mode. Table 10.2 lists the registers used in clock synchronous
serial I/O mode and the register values set.

Table 10.1 Clock Synchronous Serial /O Mode Specifications

Item Specification
Transfer data format * Transfer data length: 8 bits
Transfer clock * UIMR(i=0 to 2) register's CKDIR bit = “0” (internal clock) : fj/ 2(n+1)

fj = f1s10, f2s10, f8s10, f32S10. n: Setting value of UiBRG register 0016 to FF16
* CKDIR bit = “1” (external clock) : Input from CLKi pin
Transmission, reception control * Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition * Before transmission can start, the following requirements must be met (Note 1)
— The TE bit of UiC1 register= 1 (transmission enabled)
— The TI bit of UiC1 register = 0 (data present in UiTB register)
— If CTS function is selected, input on the CTSi pin = “L”
Reception start condition « Before reception can start, the following requirements must be met (Note 1)
— The RE bit of UiC1 register= 1 (reception enabled)
— The TE bit of UiC1 register= 1 (transmission enabled)
— The TI bit of UiC1 register= 0 (data present in the UiTB register)
Interrupt request * For transmission, one of the following conditions can be selected
generation timing — The UiIRS bit (Note 3) = 0 (transmit buffer empty): when transferring data from the
UiTB register to the UARTI transmit register (at start of transmission)
— The UiIRS bit =1 (transfer completed): when the serial I/O finished sending data from
the UARTI transmit register
» For reception
When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error detection * Overrun error (Note 2)
This error occurs if the serial 1/0 started receiving the next data before reading the
UIRB register and received the 7th bit of the next data
Select function » CLK polarity selection
Transfer data input/output can be chosen to occur synchronously with the rising or
the falling edge of the transfer clock
 LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected
+ Continuous receive mode selection
Reception is enabled immediately by reading the UiRB register
* Switching serial data logic
This function reverses the logic value of the transmit/receive data
* Transfer clock output from multiple pins selection (UART1)
The output pin can be selected in a program from two UART1 transfer clock pins that
have been set
« Separate CTS/RTS pins (UARTO)
CTSo and RTSo are input/output from separate pins

Note 1: When an external clock is selected, the conditions must be met while if the UiCO register's CKPOL bit = “0”
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in the high state; if the UiCO register's CKPOL bit = “1” (transmit data output at the rising edge
and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.

Note 2: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit of SiRIC register does not change.

Note 3: The UOIRS and U1IRS bits respectively are the UCON register bits 0 and 1; the U2IRS bit is the U2C1 register bit 4.
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Table 10.2 Registers to Be Used and Settings in Clock Synchronous Serial I/O Mode

Register Bit Function

UiTB(Note3)[ O to 7 Set transmission data

UiRB(Note3)[ 0 to 7 Reception data can be read
OER Overrun error flag

UIBRG Oto7 Set a transfer rate

UiMR(Note3)] SMD2 to SMDO Set to “0012”
CKDIR Select the internal clock or external clock
IOPOL Set to “0”

UiCo CLK1 to CLKO Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode (Note 2)
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first

uiC1 TE Set this bit to “1” to enable transmission/reception
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS (Note 1) Select the source of UART2 transmit interrupt
U2RRM (Note 1) Set this bit to “1” to use continuous receive mode
UiLCH Set this bit to “1” to use inverted data logic
UIERE Set to “0”

UiSMR Oto7 Set to “0”

UiSMR2 Oto7 Set to “0”

UiSMR3 Oto2 Set to “0”
NODC Select clock output mode
4to07 Set to “0”

UiSMR4 Oto7 Set to “0”

UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, U1RRM | Set this bit to “1” to use continuous receive mode
CLKMDO Select the transfer clock output pin when CLKMD1 =1
CLKMD1 Set this bit to “1” to output UART1 transfer clock from two pins
RCSP Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin
7 Set to “0”

Note 1: Set the UOC1 and U1C1 register bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits
are in the UCON register.

Note 2: TxD2 pin is N channel open-drain output. Set the U2CO0 register's NCH bit to “0”.

Note 3: Not all register bits are described above. Set those bits to “0” when writing to the registers in clock
synchronous serial /0 mode.

i=0 to 2
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Table 10.3 lists the functions of the input/output pins during clock synchronous serial I/O mode. Table 10.3 shows
pin functions for the case where the multiple transfer clock output pin select function is deselected. Table 10.4 lists
the P64 pin functions during clock synchronous serial I/O mode. Note that for a period from when the UARTi
operation mode is selected to when transfer starts, the TxDi pin outputs an “H”. (If the N-channel open-drain output
is selected, this pin is in a high-impedance state.)

Table 10.3  Pin Functions (When Not Select Multiple Transfer Clock Output Pin Function)

Pin name Function Method of selection
TxDi (i = 0 to 2)| Serial data output (Outputs dummy data when performing reception only)
(P63, P67, P70)
RxDi Serial data input PD6 register's PD6_2 bit=0, PD6_6 bit=0, PD7 register’s PD7_1 bit=0
(P62, P66, P71) (Can be used as an input port when performing transmission only)
CLKi Transfer clock output UIMR register’s CKDIR bit=0

(P61, P65, P72)f -y UMR redistors GKDIR Bit=1 T
: | registers 1=
Transfer clock input PD6 register's PD6_1 bit=0, PD6_5 bit=0, PD7 register's PD7_2 bit=0

CTSI/RTSi CTS input UiCO register's CRD bit=0

(P60, P64, P73) UiCO0 register's CRS bit=0
PD6 register’s PD6_0 bit=0, PD6_4 bit=0, PD7 register’'s PD7_3 bit=0

RTS output UiCO register's CRD bit=0

UiCO register’'s CRS bit=1

/0 port UiCO register's CRD bit=1

Table 10.4 P64 Pin Functions

Bit set value

Pin function U1CO register UCON register PD6 register

CRD CRS RCSP | CLKMD1 | CLKMDO PD6_4
P64 1 — 0 0 — Input: 0, Output: 1
CTSH 0 0 0 — 0
RTS1 0 1 0 0 — —
CTSo(Note1)| O 0 1 0 — 0
CLKS1 — — — | 1(Note 2) 1 —

Note 1: In addition to this, set the UOCO register's CRD bit to “0” (CTS0/RTSo enabled) and the U0
CO0 register's CRS bit to “1” (RTSo selected).

Note 2: When the CLKMD1 bit = 1 and the CLKMDO bit = 0, the following logic levels are output:
* High if the U1CO register's CLKPOL bit = 0
* Low if the U1CO register's CLKPOL bit = 1
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(1) Example of transmit timing (when internal clock is selected)
Tc

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

UiCH1 register | |
TE bit ‘0" Wnte data to the UiTB register =

UiC1 register “
Tl bit . | ¥ P

Transferred from UiTB register to UARTI transmit register

CTSi T | ToLk V\u

— Stopped pulsing because CTSi="“H"

L

Stopped pulsing because the TE bit = “0”
CLKi

@@@@@@@@@@@@@@@@@@@@@ >
%(CEOPrﬁ%ii?ter :) —| |_| [—] l_

ISRI’Tllft: register (1) |—| '_l l_l
TN v

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program
Tc=TCLK=2(n+1)/fj
fj: frequency of UIBRG count source (f1S10, f2SI10, f8SI0, f32SI10)
n: value set to UiBRG register
i:0to2

The above timing diagram applies to the case where the register bits are set as follows:
» UIMR register CKDIR bit = O (internal clock) o
« UiCO register CRD bit = 0 (CTS/RTS enabled), CRS bit = 0 (CTS selected)
« UiCO0 register CKPOL bit = 0 (transmit data output at the falling edge and receive data taken in at the rising edge of the transfer clock)
+ UIRS bit = 0 (an interrupt request occurs when the transmit buffer becomes empty): UOIRS bit is the UCON register bit 0, U1IRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

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

g

UiC1 register

RE bit "0"4
1 |

UiC1 register - ) ) )

TE bit 0 . Write dummy data to UiTB register
e 3 ¥

UiC1 register I

Tl bit o—l ; 4)\

i Transferred from UiTB register to UARTI transmit register

o H o
RTSi | I |_| Even if the reception is completed, the RTS
“Pr” does not change. The RTS becomes “L”

! —>|—|<— 1/ fext ~ when the RI bit changes to “0” from “1”.
O]

CLKi
Receive data is taken in
RxDi
Transferred from UARTI receive register Read out from UiRB register
UIC1 register “1” to UiRB register™~y,_
RI bit “0”
SiRIC register o |
IR bit “0”
/
Cleared to “0” when interrupt request is
accepted, or cleared to “0” in a program
The above timing diagram applies to the case where the register bits are set Make sure the following conditions are met when input
as follows: to the CLKi pin before receiving data is high:
* UIMR register CKDIR bit = 1 (external clock) « UiC1 register TE bit = 1 (transmit enabled)
« UiCO register CRD bit = 0 (CTS/RTS enabled), CRS bit = 1 (RTS selected) « UiC1 register RE bit = 1 (Receive enabled)

+ UiCO register CKPOL bit = 0 (transmit data output at the falling edge and receive « Write dummy data to the UiTB register
data taken in at the rising edge of the transfer clock)

fEXT: frequency of external clock

Figure 10.9 Transmit and Receive Operation
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10.2.1 CLK Polarity Select Function

Use the UiCO register (i = 0 to 2)’s CKPOL bit to select the transfer clock polarity. Figure 10.10 shows the
polarity of the transfer clock.

(1) When the UiCO register's CKPOL bit = 0 (transmit data output at the falling
edge and the receive data taken in at the rising edge of the transfer clock)

S VY P8

|
TXDi XDO}E{mXDz/)X D3 X D4 X D5 X Ds X D7

RXDi X po X b1 X D2 X D3 X pa X D5 X D6 X D7

(2) When the UiCO register's CKPOL bit = 1 (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock)

CLKi l (Note 3)

|
XD ><Do)§(mXDz/)XDsXD4><D5><De><D7
RXDi X po X p1 X D2 X D3 X pa X ps X pe X D7

Note 1: This applies to the case where the UiCO register's UFORM bit = 0
(LSB first) and UiC1 register's UiLCH bit = 0 (no reverse).

Note 2: When not transferring, the CLKi pin outputs a high signal.

Note 3: When not transferring, the CLKi pin outputs a low signal.

i=0to 2

Figure 10.10 Transfer Clock Polarity

10.2.2 LSB First/MSB First Select Function

Use the UiCO register (i = 0 to 2)’s UFORM bit to select the transfer format. Figure 10.11 shows the transfer
format.

(1) When UiCO register's UFORM bit = 0 (LSB first)

ki L)L L L)L
TXDi X Do X b1 X D2 X D3 X D4 X D5 X D6 X D7
RXDi X po X D1 X D2 X D3 X Da X D5 X D6 X D7

(2) When UiCO register's UFORM bit = 1 (MSB first)

e L] LI LTI
TXDi X b7 X ps X b5 X pa X b3 X D2 X D1 X Do
RXDi X b7 X b6 X 5 X s X D3 X D2 X D1 X Do

Note: This applies to the case where the UiCO register's CKPOL bit = 0
(transmit data output at the falling edge and the receive data taken
in at the rising edge of the transfer clock) and the UiC1 register’s
UIiLCH bit = 0 (no reverse).

i=0to2

Figure 10.11 Transfer Format
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10.2.3 Continuous Receive Mode

When the UiRRM bit (i = 0 to 2) = 1 (continuous receive mode), the UiC1 register’s TI bit is set to “0” (data
present in the UiTB register) by reading the UiRB register. In this case, i.e., UIRRM bit = 1, do not write
dummy data to the UiTB register in a program. The UORRM and UIRRM bits are the UCON register bit 2 and
bit 3, respectively, and the U2RRM bit is the U2CI1 register bit 5.

10.2.4 Serial Data Logic Switching Function

When the UiCl1 register (i = 0 to 2)’s UiLCH bit = 1 (reverse), the data written to the UiTB register has its logic
reversed before being transmitted. Similarly, the received data has its logic reversed when read from the UiRB
register. Figure 10.12 shows serial data logic.

(1) When the UiC1 register's UiLCH bit = 0 (no reverse)

Transfer clock “H” | | | | | | | | | | |
L

TxDi “H’
(no reverse) «»

\ Do X D1 X D2 X D3 Y D4 ¥ D5 X D6 } D7

(2) When the UiC1 register's UILCH bit = 1 (reverse)

Transfer clock “H” | | | | | | | | | | |
o

IR 1) (518 (57 (5D 670 1 G

Note: This applies to the case where the UiCO register's CKPOL bit=0
(transmit data output at the falling edge and the receive data
taken in at the rising edge of the transfer clock) and the UFORM
bit = 0 (LSB first).

i=0to2

Figure 10.12 Serial Data Logic Switching

10.2.5 Transfer Clock Output From Multiple Pins (UART1)

Use the UCON register’s CLKMD1 to CLKMDO bits to select one of the two transfer clock output pins. (See
Figure 10.13.) This function can be used when the selected transfer clock for UART1 is an internal clock.

Microcomputer

TxD1 (P67)
CLKS1 (P64)
CLK1 (P65) IN IN
— | CLK CLK
Transfer enabled Transfer enabled
when the UCON when the UCON
register's register's
CLKMDO bit =0 CLKMDO bit =1

Note: This applies to the case where the UTMRregister's CKDIR bit
= 0 (internal clock) and the UCON register's CLKMD1 bit = 1
(transfer clock output from multiple pins).

Figure 10.13 Transfer Clock Output From Multiple Pins
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10.2.6 CTS/RTS Separate Function (UARTO)
This function separates CTS0/RTS0, outputs RTS0 from the P60 pin, and accepts as input the CTS0 from the P64
pin. To use this function, set the register bits as shown below.
* UOCO register's CRD bit = 0 (enables UART0 CTS/RTS)
+ UOCO register's CRS bit = 1 (outputs UARTO RTS)
* U1CO register's CRD bit = 0 (enables UART1 CTS/RTS)
* U1CO register's CRS bit = 0 (inputs UART1 CTS)
* UCON register's RCSP bit = 1 (inputs CTS0 from the P64 pin)

* UCON register's CLKMD1 bit = 0 (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS function cannot be used.

Microcomputer IC
TxDo (P63) = IN
RXxDo (P62) |- ouT
CLKo (P61) = CLK
RTSo (P60) B CTS
CTSo (P64) [~ RTS

Figure 10.14 CTS/RTS Separat Function
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10.3 Clock Asynchronous Serial I/O (UART) Mode

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer data
format. Tables 10.5 lists the specifications of the UART mode.

Table 10.5 UART Mode Specifications

ltem Specification
Transfer data format » Character bit (transfer data): Selectable from 7, 8 or 9 bits
« Start bit: 1 bit
« Parity bit: Selectable from odd, even, or none
» Stop bit: Selectable from 1 or 2 bits
Transfer clock » UiIMR(i=0 to 2) register’s CKDIR bit = 0 (internal clock) : fj/ 16(n+1)
fj = f1s10, f2s10, f8sIo, f32s10. n: Setting value of UIBRG register 0016 to FF16
» CKDIR bit = “1” (external clock) : fEXT/16(n+1)
fEXT: Input from CLKi pin. n :Setting value of UiBRG register =~ 0016 to FF16
Transmission, reception control| + Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition| < Before transmission can start, the following requirements must be met
- The TE bit of UiC1 register= 1 (transmission enabled)
— The TI bit of UiC1 register = 0 (data present in UiTB register)
— If CTS function is selected, input on the CTSi pin = “L”
Reception start condition * Before reception can start, the following requirements must be met
- The RE bit of UiC1 register= 1 (reception enabled)
— Start bit detection
Interrupt request » For transmission, one of the following conditions can be selected
generation timing — The UIiIRS bit (Note 2) = 0 (transmit buffer empty): when transferring data from the
UiTB register to the UARTI transmit register (at start of transmission)
- The UIIRS bit =1 (transfer completed): when the serial I/O finished sending data from
the UARTI transmit register
» For reception
When transferring data from the UARTIi receive register to the UiRB register (at
completion of reception)
Error detection * Overrun error (Note 1)
This error occurs if the serial 1/0O started receiving the next data before reading the
UiRB register and received the bit one before the last stop bit of the next data
» 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
Select function « LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected
» Serial data logic switch
This function reverses the logic of the transmit/receive data. The start and stop bits
are not reversed.
* TXD, RxD I/O polarity switch
This function reverses the polarities of hte TXD pin output and RXD pin input. The
logic levels of all I/0O data is reversed.
« Separate CTS/RTS pins (UARTO)
CTSo and RTSo are input/output from separate pins
Note 1: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit of SiRIC register does not change.
Note 2: The UOIRS and U1IRS bits respectively are the UCON register bits 0 and 1; the U2IRS bit is the U2C1 register bit 4.
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Table 10.6  Registers to Be Used and Settings in UART Mode
Register Bit Function
uiTB Oto8 Set transmission data (Note 1)
UiRB 0to8 Reception data can be read (Note 1)
OER,FER,PER,SUM| Error flag
UiBRG Oto7 Set a transfer rate
UiIMR SMD2 to SMDO Set these bits to ‘1002’ when transfer data is 7 bits long
Set these bits to “1012" when transfer data is 8 bits long
Set these bits to ‘1102’ when transfer data is 9 bits long
CKDIR Select the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
IOPOL Select the TxD/RxD input/output polarity
uiCco CLKO, CLK1 Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode (Note 3)
CKPOL Set to “0”
UFORM LSB first or MSB first can be selected when transfer data is 8 bits long. Set this
bit to “0” when transfer data is 7 or 9 bits long.
UiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS (Note 2) Select the source of UART2 transmit interrupt
U2RRM (Note 2) | Setto “0”
UiLCH Set this bit to “1” to use inverted data logic
UIERE Set to “0”
UiSMR Oto7 Set to “0”
UiSMR2 Oto7 Set to “0”
UiSMR3 Oto7 Set to “0”
UiSMR4 Oto7 Set to “0”
UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, U1TRRM | Setto “0”
CLKMDO Invalid because CLKMD1 =0
CLKMD1 Set to “0”
RCSP Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin
7 Set to “0”

Note 1: The bits used for transmit/receive data are as follows: Bit 0 to bit 6 when transfer data is 7 bits long;

bit 0 to bit 7 when transfer data is 8 bits long; bit O to bit 8 when transfer data is 9 bits long.
Note 2: Set the UOC1 and U1C1 registers bit 4 to bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits
are included in the UCON register.

Note 3: TxD2 pin is N channel open-drain output. Set the U2CO0 register's NCH bit to “0”.

i=0to 2
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Table 10.7 lists the functions of the input/output pins during UART mode. Table 10.8 lists the P64 pin functions
during UART mode. Note that for a period from when the UARTi operation mode is selected to when transfer
starts, the TxDi pin outputs an “H”. (If the N-channel open-drain output is selected, this pin is in a high-impedance

state.)

Table 10.7  1/O Pin Functions
Pin name Function Method of selection
TxDi (i = 0 to 2)| Serial data output (Outputs dummy data when performing reception only)

(P63, P67, P70)

(P61, P65, P72)

Transfer clock input

RxDi Serial data input PD6 register's PD6_2 bit=0, PD6_6 bit=0, PD7 register's PD7_1 bit=0
(P62, P66, P71) (Can be used as an input port when performing transmission only)
CLKi Input/output port UiMR register’s CKDIR bit=0

UiMR register’s CKDIR bit=1
PD6 register's PD6_1 bit=0, PD6_5 bit=0, PD7 register's PD7_2 bit=0

CTSI/RTSI
(P60, P64, P73)

CTS input

UiCO register's CRD bit=0
UiCO register's CRS bit=0
PD6 register's PD6_0 bit=0, PD6_4 bit=0, PD7 register's PD7_3 bit=0

UiCO register's CRD bit=0

UiCO register’s CRS bit=1

UiCO register’'s CRD bit=1

Input/output port

Table 10.8 P64 Pin Functions
Bit set value
Pin function U1CO register UCON register PDG6 register
CRD CRS RCSP | CLKMD1 PD6_4
P64 1 — 0 0 Input: 0, Output: 1
CTS1 0 0 0 0 0
RTS1 0 1 0 0 —
CTSo (Note) 0 0 1 0 0

Note: In addition to this, set the UOCO register’'s CRD bit to “0” (CTS0o/RTSo
enabled) and the UOCO register’'s CRS bit to “1” (RTSo selected).
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Tc

——— s

UiC1 register g

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

The transfer clock stops momentarily as CTSi is “H” when the stop bit is checked.
The transfer clock starts as the transfer starts immediately CTSi changes to “L".

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

TE bit

UiC1 register Write data to the UiTB register

Transferred from UiTB register to UARTI transmit register

|

o
HH,, :
CTSi
Start Parity: Stop
bit bit : bit

UiCO register ¢
TXEPT bit

I
T all —
gl

0 XXX SP SBOBEREERE

Stobped pulsing
because the TE bit

SITIC register “ i
IR bit “or |

I S

as follows:
* UiMR register PRYE bit = 1 (parity enabled)
* UIMR register STPS bit = 0 (1 stop bit) o
« UiCO register CRD bit = 0 (CTS/RTS enabled), CRS bit = 0 (CTS selected)
« UiRS bit = 1 (an interrupt request occurs when transmit completed):
UOIRS bit is the UCON register bit 0, U1IRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

Tc

SR

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where the register bits are set Tc=16(n+1)/fjor16 (n + 1)/ fext

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

reseraes - JTUTUTUUTUUTUUTUUUUTU U UUILTUL

fj : frequency of UIBRG count source (f1S10, f2SI0, f8SI0, f32S10)
fEXT : frequency of UIBRG count source (external clock)

n : value set to UIBRG

i:0to2

UiC1 register :
TE bit “0” Write data to the UiTB register

'LI'JIICI:):t register 1 —IJW

Start Stop Stop
bit bit bit

UiCO register
TXEPT bit

TXDi T\t {DoX DX 02X DX DX DsXDeXD7X D8/ 5P 5P\ STADoX DX DX DX DX 05X DeX DX DeY PSP

I T

Transferred from UiTB register to UARTI
transmit register

AN

as follows:
« UiMR register PRYE bit = 0 (parity disabled)
« UiMR register STPS bit = 1 (2 stop bits)
« UiCO0 register CRD bit = 1 (CTS/RTS disabled)
« UiRS bit = 0 (an interrupt request occurs when transmit buffer becomes empty):
UOIRS bit is the UCON register bit 0, U1IRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

SiTIC register ‘1 —l I
IR bit apyn

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where the register bits are set Tc=16(n+1)/fjor 16 (n + 1)/ fexT

i

fj : frequency of UiIBRG count source (f1S10, f2SI0, f8SI0, f32S10)
fEXT : frequency of UIBRG count source (external clock)

n : value set to UBRG

i:0to2

Figure 10.15 Transmit Operation
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» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

UiBRG count

source (AT, T,
UiC1 register ‘1" _I .

RE bit R Stop bit

RDi Start bit Do D1 D7) W

Sampled “L”
Receive data taken in

[ e

Reception triggered when transfer clock Transferred from UARTI receive !

Transfer clock

UiC1 register “1” is generated by falling edge of start bit register to UiRB register \ﬁ
RI bit - !

RTSi [' 3

SiRIC register “1” |—|:

IR bit ‘0"

ol

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program
The above timing diagram applies to the case where the register bits are set as follows:
* UiMR register PRYE bit = 0 (parity disabled)
« UiMR register STPS bit = 0 (1 stop bit)
« UiCO register CRD bit = 0 (CTSIi/RTSi enabled), CRS bit = 1 (RTSi selected)
i=0to2

Figure 10.16 Receive Operation

10.3.1 LSB First/MSB First Select Function

As shown in Figure 10.17, use the UiCO register’s UFORM bit to select the transfer format. This function is
valid when transfer data is 8 bits long.

(1) When UiCO register's UFORM bit = 0 (LSB first)

v UYL LU
TXDi ST A D0 X D1 X D2 X D3 X Da X D5 X D6 X D7 X P ) sP
RXDi ST A Do X D1 X D2 X D3 X D4 X D5 X D6 X D7 X P ) sp

(2) When UiCO register's UFORM bit = 1 (MSB first)

mxDi  \ST b7 X D6 X D5 X Da X D3 X D2 X D1 X Do X P ) sP
RxDi \ST A D7 X D6 X D5 X Da X D3 X D2X D1 X Do X P ) sp

ST : Start bit
P : Parity bit
SP : Stop bit
i=0to2

Note: This applies to the case where the UiCO register's CKPOL bit = 0 (
transmit data output at the falling edge and the receive data taken
in at the rising edge of the transfer clock), the UiC1 register’s UiLCH
bit = 0 (no reverse), UIMR register's STPS bit = 0 (1 stop bit) and
UIMR register's PRYE bit = 1 (parity enabled).

Figure 10.17 Transfer Format
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10.3.2 Serial Data Logic Switching Function

The data written to the UiTB register has its logic reversed before being transmitted. Similarly, the received
data has its logic reversed when read from the UiRB register. Figure 10.18 shows serial data logic.

(1) When the UiC1 register's UILCH bit = 0 (no reverse)

““r
o

1 sT (100 ) D1 {2 {3 {04 )05 Y06 Y 07 X P ) 5P

Transfer clock

(2) When the UiC1 register's UILCH bit = 1 (reverse)

Transferclock
W
ovorss) 1+ st (50 o1 X Bz B3 (e X5 (e X ot 7 ) sp
ST : Start bit
P : Parity bit
SP : Stop bit

i=0to2

Note: This applies to the case where the UiCO register's CKPOL bit = 0
(transmit data output at the falling edge of the transfer clock), the
UiCO register's UFORM bit = 0 (LSB first), the UiMR register's
STPS bit = 0 (1 stop bit) and UiMR register's PRYE bit = 1 (parity
enabled).

Figure 10.18 Serial Data Logic Switching

10.3.3 TxD and RxD I/O Polarity Inverse Function

This function inverses the polarities of the TXD1i pin output and RXDi pin input. The logic levels of all input/
output data (including the start, stop and parity bits) are inversed. Figure 10.19 shows the TXD pin output and
RXD pin input polarity inverse.

(1) When the UiMR register's IOPOL bit = 0 (no reverse)

Transfer clock ™

B
TXDi “H'

(o reverse) ST{DOJDID2YD3fDIfD5kD6KD7Y P JSP
R ST{DOJD1}D2YD3YDIfD5yD6KD7Y P )SP

(no reverse)

(2) When the UiMR register's IOPOL bit = 1 (reverse)

Transfer clock H’

-
TXDi H'
(reverse) 1" ST{DO} DT D2 D3 DI D5 DEfD7Y P ) SP
v
-

W SN G (7 () (2 (e () (10 Sl s
ST : Start bit
P : Parity bit
SP : Stop bit
i=0to2

Note: This applies to the case where the UiCO register's UFORM bit = 0
(LSB first), the UiMR register's STPS bit = 0 (1 stop bit) and the
UiMR register's PRYE bit = 1 (parity enabled).

Figure 10.19 TxD and RxD 1I/O Polarity Inverse
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10.3.4 CTS/RTS Separate Function (UARTO)
This function separates CTS0/RTS0, outputs RTS0 from the P60 pin, and accepts as input the CTS0 from the P64
pin. To use this function, set the register bits as shown below.

* UOCO register's CRD bit = 0 (enables UART0 CTS/RTS)

+ UOCO register's CRS bit = 1 (outputs UARTO RTS)

* U1CO register's CRD bit = 0 (enables UART1 CTS/RTS)

+ U1CO register's CRS bit = 0 (inputs UART1 CTS)

* UCON register's RCSP bit = 1 (inputs CTSo0 from the P64 pin)

* UCON register's CLKMD1 bit = 0 (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS function cannot be used.

Microcomputer IC
TxDo (P63) = N
RxDo (P62) [« ouT
RTSo (P60) | CTS
CTSo (P64) | RTS
Figure 10.20 CTS/RTS Separate Function
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10.4 Special Mode 1 (12C mode)

12C mode is provided for use as a simplified I2C interface compatible mode. Table 10.9 lists the specifications of
the 12C mode. Table 10.10 to 10.11 lists the registers used in the 12C mode and the register values set, Table 10.12
lists the I2C mode functions. Figure 10.21 shows the block diagram for I2C mode. Figure 10.22 shows SCLi timing.

As shown in Table 10.12, the microcomputer is placed in 12C mode by setting the SMD2 to SMDO bits to ‘0102’

and the IICM bit to “1”. Because SDAI transmit output has a delay circuit attached, SDAi output does not change
state until SCLi goes low and remains stably low.

Table 10.9  12C Mode Specifications

ltem Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock * During master

UiIMR(i=0 to 2) register's CKDIR bit = “0” (internal clock) : fj/ 2(n+1)
fj = f1s10, f2S10, f8SI0, f32S10. n: Setting value of UiBRG register 0016 to FF16
* During slave
CKDIR bit = “1” (external clock) : Input from SCLi pin
Transmission start condition | « Before transmission can start, the following requirements must be met (Note 1)
— The TE bit of UiC1 register= 1 (transmission enabled)
— The TI bit of UiC1 register = 0 (data present in UiTB register)
Reception start condition * Before reception can start, the following requirements must be met (Note 1)
— The RE bit of UiC1 register= 1 (reception enabled)
— The TE bit of UiC1 register= 1 (transmission enabled)
— The TI bit of UiC1 register= 0 (data present in the UiTB register)

Interrupt request When start or stop condition is detected, acknowledge undetected, and acknowledge
generation timing detected
Error detection * Overrun error (Note 2)

This error occurs if the serial 1/0O started receiving the next data before reading the
UiRB register and received the 8th bit of the next data
Select function * Arbitration lost
Timing at which the UiRB register’s ABT bit is updated can be selected
« SDA. digital delay
No digital delay or a delay of 2 to 8 UIBRG count source clock cycles selectable
* Clock phase setting
With or without clock delay selectable
Note 1: When an external clock is selected, the conditions must be met while the external clock is in the
high state.
Note 2: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit of SiRIC
register does not change.
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SDAI Start and stop condition generation block 0 .
- - - 3
1O STSPSEL=1 B I Juast
SDAsTsP ( : only)
STSPSEL=0 [[SCLsTeP lICM2=1
Trapsmission UARTI transmit,
register ° NACK interrupt
UARTI lICM=1 and request
1ICM2=0
ALS
S » DMAO
Arbitration (UARTO, UART?)
lIcM2=1 ) )
[Recsption registe] VARTi receive,
UARTI |<> ACK interrupt request,
1ICM=1 and DMAT1 request
Start condition lIlCM2=0
detection L
R busy
Stop condition [ NACK
detection
D
- T
—{aetocion
SCLi L
IICM=0 Port register al ACK
1/0 port (Note) 9th bit
Internal clock
UARTI o-swe|| oLk _Start/stop condition detection
liem=1 STSPSEL=1| External control interrupt request
Noise clock
Filter UARTI
] 9th bit falling edge
s .l sSwcC
This diagram applies to the case where the UiMR register's SMD2 to SMDO bits = 0102 and the UiSMR register's IICM bit = 1.
IICM : UiISMR register bit
1ICM2, SWC, ALS, SWC2, SDHI : UiSMR2 register bit
STSPSEL, ACKD, ACKC : UiISMR4 register bit
i=0to 2
Note: If the IICM bit = 1, the pin can be read even when the PD6_2, PD6_6 or PD7_1 bit = 1 (output mode).

Figure 10.21 12C Mode Block Diagram
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Table 10.10 Registers to Be Used and Settings in I.C Mode (1) (Continued)

. . Function
Register Bit Master Slave
uUiTB Oto7 Set transmission data Set transmission data
(Note 3)
UiRB Oto7 Reception data can be read Reception data can be read
(Note 3) |8 ACK or NACK is set in this bit ACK or NACK is set in this bit
ABT Arbitration lost detection flag Invalid
OER Overrun error flag Overrun error flag
UBRG |0to7 Set a transfer rate Invalid
UiMR SMD2 to SMDO | Set to ‘0102’ Set to ‘0102’
(Note 3) | CKDIR Set to “0” Set to “1”
IOPOL Set to “0” Set to “0”
UiCo CLK1, CLKO Select the count source for the UiIBRG Invalid
register
CRS Invalid because CRD = 1 Invalid because CRD = 1
TXEPT Transmit buffer empty flag Transmit buffer empty flag
CRD Set to “1” Set to “1”
NCH Set to “1” (Note 2) Set to “1” (Note 2)
CKPOL Set to “0” Set to “0”
UFORM Set to “1” Set to “1”
UiC1 TE Set this bit to “1” to enable transmission | Set this bit to “1” to enable transmission
TI Transmit buffer empty flag Transmit buffer empty flag
RE Set this bit to “1” to enable reception Set this bit to “1” to enable reception
RI Reception complete flag Reception complete flag
U2IRS (Note 1) Invalid Invalid
U2RRM (Note 1), | Set to “0” Set to “0”
UILCH, UIERE
UiSMR |IICM Set to “1” Set to “1”
ABC Select the timing at which arbitration-lost | Invalid
is detected
BBS Bus busy flag Bus busy flag
3to7 Set to “0” Set to “0”
UiSMR2 | IICM2 Refer to Table 11.12 Refer to Table 11.12
CSC Set this bit to “1” to enable clock Set to “0”
synchronization
SWC Set this bit to “1” to have SCLi output Set this bit to “1” to have SCLi output
fixed to “L” at the falling edge of the 9th | fixed to “L” at the falling edge of the 9th
bit of clock bit of clock
ALS Set this bit to “1” to have SDAI output Set to “0”
stopped when arbitration-lost is detected
STAC Set to “0” Set this bit to “1” to initialize UARTI at
start condition detection
SWC2 Set this bit to “1” to have SCLi output Set this bit to “1” to have SCLi output
forcibly pulled low forcibly pulled low
SDHI Set this bit to “1” to disable SDAI output | Set this bit to “1” to disable SDAI output
7 Set to “0” Set to “0”
UiSMR3 |0, 2, 4 and NODC| Set to “0” Set to “0”
CKPH Refer to Table 11.12 Refer to Table 11.12
DL2 to DLO Set the amount of SDAI digital delay Set the amount of SDAI digital delay
i=0to 2
Notes:

1. Set the UOC1 and U1C1 register bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits are

in the UCON register.
2. TxD2 pin is N channel open-drain output. Set the NCH bit in the U2CO register to “0”.
3. Not all register bits are described above. Set those bits to “0” when writing to the registers in I2C mode.
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Table 10.11 Registers to Be Used and Settings in I.C Mode (2) (Continued)
. . Function
Register Bit Master Slave
UiSMR4 | STAREQ Set this bit to “1” to generate start Set to “0”
condition
RSTAREQ Set this bit to “1” to generate restart Set to “0”
condition
STPREQ Set this bit to “1” to generate stop Set to “0”
condition
STSPSEL Set this bit to “1” to output each condition | Set to “0”
ACKD Select ACK or NACK Select ACK or NACK
ACKC Set this bit to “1” to output ACK data Set this bit to “1” to output ACK data
SCLHI Set this bit to “1” to have SCLi output Set to “0”
stopped when stop condition is detected
SWC9 Set to “0” Set this bit to “1” to set the SCLi to “L”
hold at the next falling edge of the 9th bit
of clock
IFSR2A |IFSR26, ISFR27 | Set to “1” Set to “1”
UCON [UOIRS, U1IRS Invalid Invalid
2to7 Set to “0” Set to “0”
i=0to 2
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Table 10.12 12C Mode Functions

Function Clock synchronous serial 1/0 12C mode (SMD2 to SMDO = 0102, IICM = 1)
mode (SMD2 to SMDO = 0012, | ||IcM2 = 0 [ICM2 = 1
IICM = 0) (NACK/ACK interrupt) (UART transmit/ receive interrupt)
CKPH =0 CKPH =1 CKPH =0 CKPH =1
(No clock delay) | (Clock delay) | (No clock delay) (Clock delay)
Factor of interrupt number [ —— — Start condition detection or stop condition detection
6, 7 and 10 (Note 1, 5, 7) (Refer to “Table 10.13. STSPSEL Bit Functions”)
Factor of interrupt number |UARTi transmission No acknowledgment UARTI transmission| UARTI transmission
15, 17 and 19 (Note 1, 6) |Transmission started or detection (NACK) Rising edge of Falling edge of SCLi
completed (selected by UilRS) | Rising edge of SCLi 9th bit SCLi 9th bit next to the 9th bit
Factor of interrupt number [UARTI reception Acknowledgment detection UARTI reception
16, 18 and 20 (Note 1, 6) |When 8th bit received (ACK) Falling edge of SCLi 9th bit
CKPOL = 0 (rising edge) Rising edge of SCLi 9th bit
CKPOL = 1 (falling edge)
Timing for transferring data| CKPOL = 0 (rising edge) Rising edge of SCLi 9th bit Falling edge of Falling and rising
from the UART reception  |CKPOL = 1 (falling edge) SCLi 9th bit edges of SCLi 9th
shift register to the UiRB bit
register
UARTi transmission output |Not delayed Delayed
delay
Functions of P63, P67 and [TxDi output SDAI input/output
P70 pins
Functions of P62, P66 and |RxDi input SCLi input/output
P71 pins
Functions of P61, P65 and | CLKi input or output selected (Cannot be used in 12C mode)
P72 pins
Noise filter width 15ns 200ns
Read RxDi and SCLi pin |Possible when the Always possible no matter how the corresponding port direction bit is set
levels corresponding port direction bit
=0
Initial value of TxDi and CKPOL =0 (H) The value set in the port register before setting 12C mode (Note 2)
SDA. outputs CKPOL =1 (L)
Initial and end values of _— H L H L
SCLi
DMAT1 factor (Refer to Fig |UARTI reception Acknowledgment detection UARTI reception
10.22) (ACK) Falling edge of SCLi 9th bit
Store received data 1st to 8th bits are stored in 1st to 8th bits are stored in 1st to 7th bits are stored in UiRB register
UiRB register bit 0 to bit 7 UiRB register bit 7 to bit 0 bit 6 to bit 0, with 8th bit stored in UiRB
register bit 8
1st to 8th bits are
stored in UiIRB
register bit 7 to bit 0
(Note 3)
Read received data UiRB register status is read Read UiRB register
directly as is Bit 6 to bit 0 as bit 7
to bit 1, and bit 8 as
bit 0 (Note 4)
i=0to2

Note 1: If the source or cause of any interrupt is changed, the IR bit in the interrupt control register for the changed interrupt may
inadvertently be set to “1” (interrupt requested). (Refer to “precautions for interrupts” of the Usage Notes Reference Book.)
If one of the bits shown below is changed, the interrupt source, the interrupt timing, etc. change. Therefore, always be sure to
clear the IR bit to “0” (interrupt not requested) after changing those bits.
SMD2 to SMDO bits in the UiMR register, IICM bit in the UiSMR register, ICM2 bit in the UiISMR2 register, CKPH bit in the
UiSMRS register

Note 2: Set the initial value of SDAI output while the UiIMR register's SMD2 to SMDO bits = ‘0002’ (serial I/O disabled).

Note 3: Second data transfer to UiRB register (Rising edge of SCLi 9th bit)

Note 4: First data transfer to UiRB register (Falling edge of SCLi 9th bit)

Note 5: Refer to “Figure 10.13. STSPSEL Bit Functions”.

Note 6: Refer to “Figure 10.22. Transfer to UiRB Register and Interrupt Timing” .

Note 7: When using UARTO, be sure to set the IFSR26 bit in the IFSR2A register to “1” (cause of interrupt: UARTO bus collision).
When using UART1, be sure to set the IFSR27 bit in the IFSR2A register to “1” (cause of interrupt: UART1 bus collision).
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(1) ICM2= 0 (ACK and NACK interrupts), CKPH= 0 (no clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

ST U U A B O
spai X D7 X ps X Ds X D4 X D3 X D2 X D1 X Do X D8 (ACK, NACK)
t

ACK interrupt (DMA1 request),
NACK interrupt

4

Transfer to UiRB register

b15 b9 b8 b7

b0

l:l ‘ ]DB] D7l Ds] Ds] DA] Da] Dz] D1l DD‘

UiRB register

(2) ICM2= 0, CKPH= 1 (clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit Tth bit 8th bit 9th bit

SCLi

spai X D7 X' pe X Ds X Da X D3 X D2 X D1 X Do X D8 (ACK, NACK)
!

ACK interrupt (DMA1 request),
NACK interrupt

t

Transfer to UiRB register

b15 b9 b8 b7

b0

l:l ‘ lDal D7l DS] DS] DA] Dsl Dz] DWI DO‘

UiRB register

(3) ICM2= 1 (UART transmit/receive interrupt), CKPH= 0

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

T U U O A O

spai X D7 X' De X Ds ¥ D4 X D3 X D2 X D1 )X Do X D8 (ACK, NACK)

tt

Receive interrupt  Transmit interrupt
(DMA1 request)

Transfer to UiRB register

b15 b9 b8 b7

b0

l:l‘ ]DO] 7107105105104103102101‘

UiRB register

(4) ICM2= 1, CKPH= 1

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

sei [ LT L

spai X D7 X e X D5 X D4 X D3 X D2 X D1 X Do X D8 (ACK, NACK)
tt

Receive interrupt Transmit interrupt
(DMA1 request)

!

Transfer to UIRB register  Transfer to UiRB register

b15 b9 b8 b7 b0 b15 b9 b8 b7

b0

l:l‘ IDOI7ID7IDSIDSID4]D3]DZID|‘ l:l‘ ]Da]m]ne]ns]DAIDslmlmloo‘

i=0 to 2 UiRB register UiRB register

This diagram applies to the case where the following condition is met.
* UIMR register CKDIR bit = 0 (Slave selected)

Figure 10.22 Transfer to UiRB Register and Interrupt Timing
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10.4.1 Detection of Start and Stop Condtion

Whether a start or a stop condition has been detected is determined.

A start condition-detected interrupt request is generated when the SDAI pin changes state from high to low
while the SCLi pin is in the high state. A stop condition-detected interrupt request is generated when the SDAi
pin changes state from low to high while the SCLi pin is in the high state.

Because the start and stop condition-detected interrupts share the interrupt control register and vector, check the
UiSMR register’s BBS bit to determine which interrupt source is requesting the interrupt.

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

3 to 6 cycles < duration for holding (Note)

. Duration for . Duration for
' setting up ' holding :

SCLi

SDAI
(Start condition)

SDA
(Stop condition) ! |

i=0to2
Note: When the PCLKR register's PCLK1 bit = 1, this is the cycle number of
f1s10, and the PCLK1 bit = 0, this is the cycle number of f2sio.

Figure 10.23 Detection of Start and Stop Condition

10.4.2 Output of Start and Stop Condition

A start condition is generated by setting the UiSMR4 register (i = 0 to 2)’s STAREQ bit to “1” (start).
A restart condition is generated by setting the UiSMR4 register’s RSTAREQ bit to “1” (start).

A stop condition is generated by setting the UiSMR4 register’s STPREQ bit to “1” (start).

The output procedure is described below.

Set the STAREQ bit, RSTAREQ bit or STPREQ bit to “1” (start).

Set the STSPSEL bit in the UiISMR4 register to “1” (output).

The function of the STSPSEL bit is shown in Table 10.13 and Figure 10.24.
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Table 10.13 STSPSEL Bit Functions

Function STSPSEL =0 STSPSEL =1
Output of SCLi and SDA. pins Output of transfer clock and Output of a start/stop condition
data according to the STAREQ,

Output of start/stop condition is [RSTAREQ and STPREQ bit
accomplished by a program
using ports (not automatically
generated in hardware)
Start/stop condition interrupt Start/stop condition detection Finish generating start/stop condi-
request generation timing tion

(1) When slave
CKDIR=1 (external clock)

STSPSEL bit 0
1st 2nd 3rd  5th 6th 7th 8th 9th bit

T R —

Start condition Stop condition
detection interrupt detection interrupt

(2) When master
CKDIR=0 (internal clock), CKPH=1 (clock delayed)

STSPSEL bit____| | |
A

Setto “1”in  Setto “0” in Setto “1”in  Setto “0” in
a program a program a program a program
X 1st 2nd 3rd 5th 6th 7th 8th 9th bit
SCLi
SDAI
Set STAREQ= Set STPREQ= T s
1 (start) Start condition 1 (start) Stop condition

detection interrupt detection interrupt

Figure 10.24 STSPSEL Bit Functions

10.4.3 Arbitration

Unmatching of the transmit data and SDAI pin input data is checked synchronously with the rising edge of
SCLi. Use the UiSMR register’s ABC bit to select the timing at which the UiRB register’s ABT bit is updated.
If the ABC bit = 0 (updated bitwise), the ABT bit is set to “1” at the same time unmatching is detected during
check, and is cleared to “0” when not detected. In cases when the ABC bit is set to “1”, if unmatching is
detected even once during check, the ABT bit is set to “1” (unmatching detected) at the falling edge of the clock
pulse of 9th bit. If the ABT bit needs to be updated bytewise, clear the ABT bit to “0” (undetected) after
detecting acknowledge in the first byte, before transferring the next byte.

Setting the UiSMR?2 register’s ALS bit to “1” (SDA output stop enabled) causes arbitration-lost to occur, in
which case the SDAI pin is placed in the high-impedance state at the same time the ABT bit is set to “1”
(unmatching detected).
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10.4.4 Transfer Clock

Data is transmitted/received using a transfer clock like the one shown in Figure 10.24.

The UiSMR2 register’s CSC bit is used to synchronize the internally generated clock (internal SCLi) and an
external clock supplied to the SCLi pin. In cases when the CSC bit is set to ““1”” (clock synchronization enabled),
if a falling edge on the SCLi pin is detected while the internal SCLi is high, the internal SCLi goes low, at which
time the UiBRG register value is reloaded with and starts counting in the low-level interval. If the internal SCLi
changes state from low to high while the SCLi pin is low, counting stops, and when the SCLi pin goes high,
counting restarts.

In this way, the UARTI transfer clock is comprised of the logical product of the internal SCLi and SCLi pin
signal. The transfer clock works from a half period before the falling edge of the internal SCLi 1st bit to the
rising edge of the 9th bit. To use this function, select an internal clock for the transfer clock.

The UiSMR2 register’s SWC bit allows to select whether the SCLi pin should be fixed to or freed from low-
level output at the falling edge of the 9th clock pulse.

If the UiSMR4 register’s SCLHI bit is set to “1” (enabled), SCLi output is turned off (placed in the high
impedance state) when a stop condition is detected.

Setting the UiSMR2 register’s SWC2 bit = 1 (0 output) makes it possible to forcibly output a low-level signal
from the SCLi pin even while sending or receiving data. Clearing the SWC2 bit to “0” (transfer clock) allows
the transfer clock to be output from or supplied to the SCLi pin, instead of outputting a low-level signal.

If the UiSMRA4 register’s SWC9 bit is set to “1” (SCL hold low enabled) when the UiSMR3 register’s CKPH bit
=1, the SCLi pin is fixed to low-level output at the falling edge of the clock pulse next to the ninth. Setting the
SWC9 bit = 0 (SCL hold low disabled) frees the SCLi pin from low-level output.

10.4.5 SDA Output

The data written to the UiTB register bit 7 to bit 0 (D7 to Do) is sequentially output beginning with D7.

The ninth bit (D8) is ACK or NACK.

The initial value of SDAI transmit output can only be set when IICM = 1 (I2C mode) and the UiMR register’s
SMD2 to SMDO bits = ‘0002’ (serial I/O disabled).

The UiSMR3 register’s DL2 to DLO bits allow to add no delays or a delay of 2 to 8 UiBRG count source clock
cycles to SDAI output.

Setting the UiSMR2 register’s SDHI bit = 1 (SDA output disabled) forcibly places the SDAI pin in the high-
impedance state. Do not write to the SDHI bit synchronously with the rising edge of the UARTi transfer clock.
This is because the ABT bit may inadvertently be set to “1” (detected).

10.4.6 SDA Input

When the IICM2 bit = 0, the 1st to 8th bits (D7 to Do) of received data are stored in the UiRB register bit 7 to bit
0. The 9th bit (D8) is ACK or NACK.

When the IICM2 bit = 1, the 1st to 7th bits (D7 to D1) of received data are stored in the UiRB register bit 6 to bit
0 and the 8th bit (Do) is stored in the UiRB register bit 8. Even when the IICM2 bit = 1, providing the CKPH bit
= 1, the same data as when the IICM2 bit = 0 can be read out by reading the UiRB register after the rising edge
of the corresponding clock pulse of 9th bit.

10.4.7 ACK and NACK

If the STSPSEL bit in the UiSMR4 register is set to “0” (start and stop conditions not generated) and the ACKC
bit in the UiSMRA4 register is se to “1” (ACK data output), the value of the ACKD bit in the UiSMR4 register is
output from the SDAI pin.

If the IICM2 bit = 0, a NACK interrupt request is generated if the SDAIi pin remains high at the rising edge of
the 9th bit of transmit clock pulse. An ACK interrupt request is generated if the SDAI pin is low at the rising
edge of the 9th bit of transmit clock pulse.

If ACK:i is selected for the cause of DMA1 request, a DMA transfer can be activated by detection of an
acknowledge.
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10.4.8 Initialization of Transmission/Reception

If a start condition is detected while the STAC bit = 1 (UARTI initialization enabled), the serial I/O operates as
described below.

The transmit shift register is initialized, and the content of the UiTB register is transferred to the transmit shift
register. In this way, the serial I/O starts sending data synchronously with the next clock pulse applied.
However, the UARTi output value does not change state and remains the same as when a start condition was
detected until the first bit of data is output synchronously with the input clock.

The receive shift register is initialized, and the serial I/O starts receiving data synchronously with the next clock
pulse applied.

The SWC bit is set to “1” (SCL wait output enabled). Consequently, the SCLi pin is pulled low at the falling
edge of the ninth clock pulse.

Note that when UART! transmission/reception is started using this function, the TI does not change state. Note
also that when using this function, the selected transfer clock should be an external clock.
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10.5 Special Mode 2

Multiple slaves can be serially communicated from one master. Transfer clock polarity and phase are selectable.
Table 10.14 lists the specifications of Special Mode 2. Table 10.15 lists the registers used in Special Mode 2 and the
register values set. Figure 10.25 shows communication control example for Special Mode 2.

Table 10.14 Special Mode 2 Specifications

Iltem Specification
Transfer data format * Transfer data length: 8 bits
Transfer clock » Master mode

UiIMR(i=0 to 2) register's CKDIR bit = “0” (internal clock) : fj/ 2(n+1)
fj = f1sl0, f2s10, f8slo, f32s10. n: Setting value of UIBRG register 0016 to FF16
* Slave mode
CKDIR bit = “1” (external clock selected) : Input from CLKi pin
Transmit/receive control Controlled by input/output ports
Transmission start condition | * Before transmission can start, the following requirements must be met (Note 1)
— The TE bit of UiC1 register= 1 (transmission enabled)
— The TI bit of UiC1 register = 0 (data present in UiTB register)
Reception start condition * Before reception can start, the following requirements must be met (Note 1)
- The RE bit of UiC1 register= 1 (reception enabled)
— The TE bit of UiC1 register= 1 (transmission enabled)
— The TI bit of UiC1 register= 0 (data present in the UiTB register)
Interrupt request « For transmission, one of the following conditions can be selected
generation timing — The UIIRS bit of UiC1 register = 0 (transmit buffer empty): when transferring data
from the UiTB register to the UARTI transmit register (at start of transmission)
— The UilRS bit =1 (transfer completed): when the serial I/O finished sending data from
the UARTI transmit register
» For reception
When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error detection * Overrun error (Note 2)
This error occurs if the serial I/0 started receiving the next data before reading the
UIRB register and received the 7th bit of the next data
Select function * Clock phase setting
Selectable from four combinations of transfer clock polarities and phases

Note 1: When an external clock is selected, the conditions must be met while if the UiCO register's CKPOL bit = “0”
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock),
the external clock is in the high state; if the UiCO register's CKPOL bit = “1” (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low
state.

Note 2: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit of SiRIC register does
not change.
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P13
P12

P93

P72(CLKz) P72(CLK2)
P71(RxD2)}— P71(RxD2)
P70(TxD2) P70(TxD2)

Microcomputer Microcomputer

(Master) (Slave)
P93
P72(CLK2)
P71(RxD2)
P70(TxDz2)

Microcomputer
(Slave)

Figure 10.25 Serial Bus Communication Control Example (UART2)
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Table 10.15 Registers to Be Used and Settings in Special Mode 2

Register Bit Function
UiTB(Note3)| O to 7 Set transmission data
UiRB(Note3)[ O to 7 Reception data can be read
OER Overrun error flag
UIBRG Oto7 Set a transfer rate
UiMR(Note3)] SMD2 to SMDO Set to ‘0012’
CKDIR Set this bit to “0” for master mode or “1” for slave mode
IOPOL Set to “0”
UiCco CLK1, CLKO Select the count source for the UiBRG register
CRS Invalid because CRD = 1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Select TxDi pin output format(Note 2)
CKPOL Clock phases can be set in combination with the UiSMRS register's CKPH bit
UFORM Set to “0”
uiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS (Note 1) Select UART2 transmit interrupt cause
U2RRM(Note 1), Set to “0”
U2LCH, UIERE
UiSMR Oto7 Set to “0”
UiSMR2 Oto7 Set to “0”
UiSMR3 CKPH Clock phases can be set in combination with the UiCO register's CKPOL bit
NODC Set to “0”
0,2,4t07 Set to “0”
UiSMR4 Oto7 Set to “0”
UCON UOIRS, U1IRS Select UARTO and UART1 transmit interrupt cause
UORRM, UTRRM | Setto “0”
CLKMDO Invalid because CLKMD1 =0
CLKMD1, RCSP, 7| Set to “0”

Note 1: Set the UOCO and U1C1 register bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits

are in the UCON register.
Note 2: TxD2 pin is N channel open-drain output. Set the U2CO0 register's NCH bit to “0”.

Note 3: Not all register bits are described above. Set those bits to “0” when writing to the registers in Special

Mode 2.

i=0to2
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10.5.1 Clock Phase Setting Function
One of four combinations of transfer clock phases and polarities can be selected using the UiISMR3 register’s
CKPH bit and the UiCO0 register’s CKPOL bit.
Make sure the transfer clock polarity and phase are the same for the master and salves to be communicated.
* Master (Internal Clock)
Figure 10.26 shows the transmission and reception timing in master (internal clock).
« Slave (External Clock)
Figure 10.27 shows the transmission and reception timing (CKPH=0) in slave (external clock) while
Figure 10.28 shows the transmission and reception timing (CKPH=1) in slave (external clock).

Clock output H_|__ 1 1 1 1 I |
(CKPOL=0, CKPH=0) "L" —_— | L || || || | I
| | T || [ S TR E I B I |
e T e O e O A I e I
Clock output "H — 1 1 1 31 1 :
(CKPOL=1, CKPH=0) "L" l I [ L I S |
| I | I | I | I | | | I | |
Clock output "H" I — Bl — — —]
(CKPOL=0, CKPH=1) w«__ , | | | | | || | | .
| | | I | | | | | | | | | | | |
A [ S A S I S I I T By B
Clock output H I
(CKPOL=1, CKPH=1) "L" : W [ N ) N O =
|

—— U | ——
~
><
__.g i Ep—
_>< —
o i-
_>< —_——

(D N A N A

Figure 10.26 Transmission and Reception Timing in Master Mode (Internal Clock)

|
|
Data output timing ~ "H"™ \ DOX
oL X i
|
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H —
Slave control input o
Clock input H o
(CKPOL=0, CKPH=0) "L"

Clock input H
(CKPOL=1, CKPH=0) "L"

Data output timing "H"
(Note) L

Data input timing

pigs 1|
_Mﬂfﬂmﬁ+

—%XXXXX )

Indeterminate

—>
—>
—>

Note :UART2 output is an N-channel open drain and must be pulled-up externally.

Figure 10.27 Transmission and Reception Timing (CKPH=0) in Slave Mode (External Clock)

Slave control input

Clock input

(CKPOL=0, CKPH=1) "L"

Clock input H
(CKPOL=1, CKPH=1) ""

Data output timing "H"
(Note)

=

Data input timing

|

S><
o
><
5
><
|w)
w
e

____U_.___
s
S< -
___._U —_—_——
[$2]
S< - — -
—_ g4 ——
[}
S<—— -

R
R —
e
+__"U i I

Note :UART2 output is an N-channel open drain and must be pulled-up externally.

Figure 10.28 Transmission and Reception Timing (CKPH=1) in Slave Mode (External Clock)
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10.6 Special Mode 3 (IE mode)

In this mode, one bit of IEBus is approximated with one byte of UART mode waveform.
Table 10.16 lists the registers used in IE mode and the register values set. Figure 10.29 shows the functions of bus
collision detect function related bits.
If the TxDi pin (i = 0 to 2) output level and RxDi pin input level do not match, a UARTi bus collision detect

interrupt request is generated.

Use the IFSR2A register’s IFSR26 and IFSR27 bits to enable the UARTO/UARTT bus collision detect function.

Table 10.16 Registers to Be Used and Settings in IE Mode

Register Bit Function

UiTB 0to 8 Set transmission data

UiRB(Note3)] O to 8 Reception data can be read
OER,FER,PER,SUM | Error flag

UiBRG Oto7 Set a transfer rate

UiIMR SMD2 to SMDO Set to ‘1102’
CKDIR Select the internal clock or external clock
STPS Set to “0”
PRY Invalid because PRYE=0
PRYE Set to “0”
IOPOL Select the TxD/RxD input/output polarity

UiCo CLK1, CLKO Select the count source for the UiBRG register
CRS Invalid because CRD=1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Select TxDi pin output mode (Note 2)
CKPOL Set to “0”
UFORM Set to “0”

UiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS (Note 1) Select the source of UART2 transmit interrupt
UiRRM (Note 1), Set to “0”
UiLCH, UIERE

UiSMR 0to 3,7 Set to “0”
ABSCS Select the sampling timing at which to detect a bus collision
ACSE Set this bit to “1” to use the auto clear function of transmit enable bit
SSS Select the transmit start condition

UiSMR2 Oto7 Set to “0”

UiSMR3 Oto7 Set to “0”

UiSMR4 Oto7 Set to “0”

IFSR2A IFSR26, IFSR27 Set to “1”

UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, UTRRM | Set to “0”
CLKMDO Invalid because CLKMD1 =0
CLKMD1,RCSP,7 | Setto “0”

Note 1: Set the UOCO and U1C1 registers bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits
are in the UCON register.

Note 2: TxD2 pin is N channel open-drain output. Set the U2CO0 register's NCH bit to “0”.

Note 3: Not all register bits are described above. Set those bits to “0” when writing to the registers in IEmode.

i=0to 2

Rev.2.10  Oct 25, 2006
REJ03B0152-0210

Page 131 of 326

RENESAS



M306H7MG-XXXFP/MC-XXXFP/FGFP 10.SERIALI/O

(1) UiSMR register ABSCS bit (bus collision detect sampling clock select) (i=0 to 2)

If ABSCS=0, bus collision is determined at the rising edge of the transfer clock

\

Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXDi ]

RxDi |

Input to TAjIN T

Timer Aj

If ABSCS=1, bus coIIisibn is determined when timer
Aj (one-shot timer mode) underflows.

Timer Aj: timer A3 when UARTO; timer A4 when UART1; timer AO when UART2

(2) UiSMR register ACSE bit (auto clear of transmit enable bit)

Transfer clock
ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TxDi

RxDi |

UiBCNIC register I\ If ACSE bit = 1 (automatically
IR bit (Note) clear when bus collision occurs),

the TE bit is cleared to “0”
. . (transmission disabled) when
EFJEC;.treglster the UIBCNIC register's IR bit = 1
I | (unmatching detected).

Note: BCNIC register when UART2.

(3) UiSMR register SSS bit (Transmit start condition select)
If SSS bit = 0, the serial I/O starts sending data one transfer clock cycle after the transmission enable condition is met.

Transfer clock
ST DO DI D2 D3 D4 D5 D6 D7 D8  SP
TxDi ‘ |

Transmission enable condition is met

If SSS bit = 1, the serial I/O starts sending data at the rising edge (Note 1) of RxDi

CLKi

f ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

) | |
RXDi / | |

Note 1: The falling edge of RxDi when IOPOL=0; the rising edge of RxDi when IOPOL =1.
Note 2: The transmit condition must be met before the falling edge (Note 1) of RxD.

TxDi (Note 2)

This diagram applies to the case where IOPOL=1 (reversed).

Figure 10.29 Bus Collision Detect Function-Related Bits
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10.7 Special Mode 4 (SIM Mode) (UART2)

Based on UART mode, this is an SIM interface compatible mode. Direct and inverse formats can be implemented,
and this mode allows to output a low from the TxD2 pin when a parity error is detected.

Tables 10.17 lists the specifications of SIM mode. Table 10.18 lists the registers used in the SIM mode and the
register values set.

Table 10.17 SIM Mode Specifications

Item Specification
Transfer data format * Direct format
* Inverse format
Transfer clock * U2MR register’'s CKDIR bit = “0” (internal clock) : fi/ 16(n+1)

fi = f1s10, f2s10, f8S10, f32510. n: Setting value of U2BRG register 0016 to FF16
* CKDIR bit = “1” (external clock) : fEXT/16(n+1)
fEXT: Input from CLK2 pin. n: Setting value of U2BRG register 0016 to FF16
Transmission start condition| < Before transmission can start, the following requirements must be met
— The TE bit of U2C1 register= 1 (transmission enabled)
— The Tl bit of U2C1 register = 0 (data present in U2TB register)
Reception start condition * Before reception can start, the following requirements must be met
- The RE bit of U2C1 register= 1 (reception enabled)
— Start bit detection

Interrupt request * For transmission
generation timing When the serial I/0 finished sending data from the U2TB transfer register (U2IRS bit =1)
(Note 2) * For reception

When transferring data from the UART2 receive register to the U2RB register (at
completion of reception)
Error detection * Overrun error (Note 1)
This error occurs if the serial 1/0 started receiving the next data before reading the
U2RB register and received the bit one before the last stop bit of the next data
* Framing error
This error occurs when the number of stop bits set is not detected
* Parity error
During reception, if a parity error is detected, parity error signal is output from the
TxD2 pin.
During transmission, a parity error is detected by the level of input to the RxD2 pin
when a transmission interrupt occurs
* Error sum flag
This flag is set (= 1) when any of the overrun, framing, and parity errors is encountered

Note 1: If an overrun error occurs, the value of U2RB register will be indeterminate. The IR bit of S2RIC
register does not change.

Note 2: A transmit interrupt request is generated by setting the U2C1 register U2IRS bit to “1” (transmis-
sion complete) and U2ERE bit to “1” (error signal output) after reset. Therefore, when using SIM
mode, be sure to clear the IR bit to “0” (no interrupt request) after setting these bits.

Rev.2.10  Oct25,2006 Page 1330f326 ZXENESANAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP

10.SERIALI/O

Table 10.18 Registers to Be Used and Settings in SIM Mode

Register Bit Function
U2TB(Note)[ Oto 7 Set transmission data
U2RB(Note)[ 0to 7 Reception data can be read
OER,FER,PER,SUM| Error flag
U2BRG Oto7 Set a transfer rate
U2MR SMD2 to SMDO Set to ‘1012’
CKDIR Select the internal clock or external clock
STPS Set to “0”
PRY Set this bit to “1” for direct format or “0” for inverse format
PRYE Set to “1”
IOPOL Set to “0”
u2co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRD=1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Set to “0”
CKPOL Set to “0”
UFORM Set this bit to “0” for direct format or “1” for inverse format
u2C1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS Set to “1”
U2RRM Set to “0”
U2LCH Set this bit to “0” for direct format or “1” for inverse format
U2ERE Set to “1”
U2SMR(Note)| O to 3 Set to “0”
U2SMR2 [ 0to7 Set to “0”
U2SMR3 [ O0to7 Set to “0”
U2SMR4 | 0to7 Set to “0”

Note: Not all register bits are described above. Set those bits to “0” when writing to the registers in SIM mode.
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(1) Transmission

e

U2C1 register 1" J
o

TE bit Write data to U2TB r:egis;ter

U2C1 register 1" <
Tl bit o {

Trénsfer:red from U2TB register to UART2 transmit register

Parity Stop
. Start bit  bit
st Xo XX o Xo o oX 7Y =r ST Xo oY o Xo XXX )
Parity error signal sent
back from receiver An “L” level returns due to the -~ ,

occurrence of a parity error.

RxD2 pi’("\:i‘t’:)' T A\t {DoXD:XD2X 05X DX DX DXD7X P Y 5P l\ STADoX DX D2XD3X DaX DsX DeX D7X P @/_

The level is detected by the spP
interfupt routine.
U2CO register 1" ‘ [The level is
TXEPT bit «g» / detected by the
o The IR bit is set to “1” at the njprrupt routine.
S2TIC Te%'_j‘g; 1 falling edge of transfer clock &
i
g

AN el

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where data is transferred in Tc=16(n+1)/fior16 (n + 1)/ fext

the direct format. fi : frequency of U2BRG count source (f1SI0, f2S10, f8sI0, f32S10)
* U2MR register STPS bit = 0 (1 stop bit) fEXT : frequency of U2BRG count source (external clock)
* U2MR register PRY bit = 1 (even) n : value set to U2BRG

« U2CO register UFORM bit = 0 (LSB first)
« U2C1 register U2LCH bit = 0 (no reverse)
« U2C1 register U2IRSCH bit = 1 (transmit is completed)

Note : Because TxD2 and RxD2 are connected, this is composite waveform consisting of the TxD2 output and the parity error signal
sent back from receiver.

(1) Reception

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

U2C1 register “1”
o J

=

RE bit .,
Transmitter's Start Pa(ity§t9p
transmit waveform bit bit :bit
STALNLXOKON XKD P STAOKOXOKOXONOKOKONKE) 57
TxD2
An “L” level is output from TxD2 due to/
. the occurrence of a parity error
RxD2 pin level R
(Note) STADoX D1 D2X D3X DaX DsX D D7X P /'SP STADoX D1X D2X D3 X DaX DsX De A D7X P 5 /

5

U2CO register “1” — _l
RIbit .,

[\
S2RIC registey “qr Read the U2RB register Read the U2RB register
IR bit o |
Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where data is received in Tc=16(n+1)/fior16 (n+1)/fext
direct format. fi : frequency of U2BRG count source (f1SI0, f2S10, f8SI0, f32S10)

* U2MR register STPS bit = 0 (1 stop bit) fEXT : frequency of U2BRG count source (external clock)

* U2MR register PRY bit = 1 (even) n : value set to U2BRG

+ U2CO0 register UFORM bit = 0 (LSB first)
» U2C1 register U2LCH bit = 0 (no reverse)
» U2C1 register U2IRSCH bit = 1 (transmit is completed)

Note : Because TxD2 and RxD2 are connected, this is composite waveform consisting of the transmitter's transmit waveform and the
parity error signal received.

Figure 10.30 Transmit and Receive Timing in SIM Mode
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Figure 10.31 shows the example of connecting the SIM interface. Connect TXD2 and RxD2 and apply pull-up.

Microcomputer

SIM card

TxD2 J ®
RxD2

Figure 10.31  SIM Interface Connection

10.7.1  Parity Error Signal Output
The parity error signal is enabled by setting the U2C1 register’s U2ERE bit to “1”.

* When receiving
The parity error signal is output when a parity error is detected while receiving data. This is achieved by
pulling the TxD2 output low with the timing shown in Figure 10.32. If the U2RB register is read while
outputting a parity error signal, the PER bit is cleared to “0” and at the same time the TxD2 output is
returned high.
* When transmitting
A transmission-finished interrupt request is generated at the falling edge of the transfer clock pulse that
immediately follows the stop bit. Therefore, whether a parity signal has been returned can be determined by
reading the port that shares the RxD2 pin in a transmission-finished interrupt service routine.

Transfer | M MU ML ML LML LML L
clock

RxD2 \ st [D0o D1 \ D2 ) D3 \ D4 | D5\ D6 D7 \ P ) 5P

TxD2 T (Note) \ /
U2C1 register - —

Rl bit <o
This timing diagram applies to the case where the direct format is ST : Start bit
implemented. P : Even Parity
Note: The output of microcomputer is in the high-impedance state SP : Stop bit

(pulled up externally).

Figure 10.32 Parity Error Signal Output Timing
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10.7.2 Format

* Direct Format

Set the U2MR register's PRY bit to “1”, U2CO register's UFORM bit to “0” and U2C1 register's U2LCH bit
to “0”.

* Inverse Format

Set the PRY bit to “0”, UFORM bit to “1” and U2LCH bit to “1”. Figure 10.33 shows the SIM interface
format.

(1) Direct format
clock "
TxD2 W
= \__ (oo ) b1 Y D2)D3)D4)D5) D6 D7) P/

P : Even parity

(2) Inverse format

Transfer |

clock L

TxD2

P : Odd parity

Figure 10.33  SIM Interface Format
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10.8 SI/O3 and SI/04

SI/03 and SI/O4 are exclusive clock-synchronous serial I/Os.

Figure 10.34 shows the block diagram of SI/O3 and SI/O4, and Figure 10.35 shows the SI/O3 and SI/O4- related
registers.

Table 10.19 shows the specifications of SI/O3 and SI/O4.

Clock source select

f2sio PLK1:0 SMi1 to SMi0
f1s10 002 Data bus
Main clock d—o 5 ©
=1 f8sIi0 012
1/8 |- PCLK1=1 oo
102]
f32sio
Synchronous
S—_ | —
circuit 1/(n+1)
SMi4 SMi3 SiBRG register
CLK SMi6 SMi6
polarity - SI/Oi
CLKi O_ reversing <]< >l SI/O counter i } >

ke interrupt request
circuit

SMi2
SMi3

son O <l< SMi5 LSES— \ISB

Y
SINi O bi SiTRR register
Note: i =3, 4.

n = A value set in the SiBRG register.

Figure 10.34 SI/O3 and Sl/O4 Block Diagram
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S 1/Oi control register (i = 3, 4) (Note 1)

: Sourti output, CLKi function

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

o|l= O |-

R SMi4 | CLK polarity select bit

. rising edge RW
: 1: Transmit data is output at rising edge of
H transfer clock and receive data is input at

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

LT ] ] ] s3c 036216 010000016
A s4C 036616 010000016
Bit Bit name Description RW
poioi 44 i | symbol
pobor b1 i) sMio |Intemnal synchronous Y8 Selecting f1sio or f2s10 RW
R P clock select bit 0 1: Selecting fssio
O R N -k 10 : Selecting f32s10 RW
HE 11 : Must not be set.
o] SMi2 | Souri output disable bit | 0 : Souri output RW
T (Note 4) : Souri output disable(high impedance)
I SMi3 | S I/Oi port select bit - Input/output port RW

falling edge
I S AREEEEEELEEED SMi5 | Transfer direction select | 0 : LSB first RW
H bit 1 : MSB first
T ASCREEETTEEEEEE SMi6 | Synchronous clock 0 : External clock (Note 2) RW
: select bit 1 : Internal clock (Note 3)
e SMi7 | Souri initial value Effective when SMi3 = 0
set bit 0: “L” output RW
1:“H” output

Note 1: Make sure this register is written to by the next instruction after setting the PRCR register's PRC2 bit to “1”
(write enable).

Note 2: Set the SMi3 bit to “1” and the corresponding port direction bit to “0” (input mode).

Note 3: Set the SMi3 bit to “1” (SourTi output, CLKi function).

Note 4: When the SMi2 bit is set to “1”, the target pin goes to a high-impedance state regardless of which function of the
pin is being used.

SI/Oi bit rate generator (i = 3, 4) (Notes 1, 2)

b7 b0 Symbol Address After reset
| S3BRG 036316 Indeterminate
. S4BRG 036716 Indeterminate
Description Setting range RW
s Assuming that set value = n, BRGi divides the count 0016 to FF16 WO
source by n + 1

Note 1: Write to this register while serial I/O is neither transmitting nor receiving.
Note 2: Use MOV instruction to write to this register.

SI/Oi transmit/receive register (i = 3, 4) (Note 1, 2)

b7 b0 Symbol Address After reset
S3TRR 036016 Indeterminate
T S4TRR 036416 Indeterminate
Description RW

R Transmission/reception starts by writing transmit data to this register. After

RW
transmission/reception finishes, reception data can be read by reading this register.

Note 1: Write to this register while serial 1/O is neither transmitting nor receiving.
Note 2: To receive data, set the corresponding port direction bit for SiNi to “0” (input mode).

Figure 10.35 S3C and S4C Registers, S3BBRG and S4BRG Registers, and S3TRR and S4TRR
Registers
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Table 10.19 SI/O3 and SI/O4 Specifications

ltem

Specification

Transfer data format

* Transfer data length: 8 bits

Transfer clock

* SiC (i=3, 4) register’s SMi6 bit = “1” (internal clock) : fj/ 2(n+1)
fj = f1s10, f8s10, f32510. Nn=Setting value of SiBRG register 0016 to FF16.
* SMi6 bit = “0” (external clock) : Input from CLKi pin (Note 1)

Transmission/reception
start condition

* Before transmission/reception can start, the following requirements must be met
Write transmit data to the SiTRR register (Notes 2, 3)

Interrupt request
generation timing

* When SiC register's SMi4 bit = 0
The rising edge of the last transfer clock pulse (Note 4)
* When SMi4 =1

The falling edge of the last transfer clock pulse (Note 4)

CLKi pin function

1/0 port, transfer clock input, transfer clock output

SouTi pin function

1/0 port, transmit data output, high-impedance

SINi pin function

1/O port, receive data input

Select function

+ LSB first or MSB first selection
Whether to start sending/receiving data beginning with bit O or beginning with bit 7
can be selected

* Function for setting an Souri initial value set function
When the SiC register's SMi6 bit = 0 (external clock), the SouTi pin output level while
not transmitting can be selected

* CLK polarity selection
Whether transmit data is output/input timing at the rising edge or falling edge of
transfer clock can be selected.

Note 1: To set the SiC register's SMi6 bit to “0” (external clock), follow the procedure described below.
« If the SiC register’'s SMi4 bit = 0, write transmit data to the SiTRR register while input on the CLKi pin is
high. The same applies when rewriting the SiC register's SMi7 bit.
* If the SMi4 bit = 1, write transmit data to the SiTRR register while input on the CLKi pin is low. The same
applies when rewriting the SMi7 bit.
» Because shift operation continues as long as the transfer clock is supplied to the SI/Oi circuit, stop the
transfer clock after supplying eight pulses. If the SMi6 bit = 1 (internal clock), the transfer clock automatically

stops.

Note 2: Unlike UARTO to UART2, SI/Qi (i = 3 to 4) is not separated between the transfer register and buffer. There-
fore, do not write the next transmit data to the SiTRR register during transmission.

Note 3: When the SiC register’s SMi6 bit = 1 (internal clock), SouTi retains the last data for a 1/2 transfer clock period
after completion of transfer and, thereafter, goes to a high-impedance state. However, if transmit data is
written to the SiTRR register during this period, SouTi immediately goes to a high-impedance state, with the
data hold time thereby reduced.

Note 4: When the SiC register's SMi6 bit = 1 (internal clock), the transfer clock stops in the high state if the SMi4 bit
=0, or stops in the low state if the SMi4 bit = 1.
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10.8.1  SI/Oi Operation Timing
Figure 10.36 shows the SI/Oi operation timing

1.5 cycle (max) (Note 3)
|ﬁ'

" . |
Siiinternal clock =+ | L rer e e e
|
. "y | |
CLKi output o | | I 1 I l I l I l I l I :
) . I ’ F I
Signal written to the "H" |
SiTRR register "L —I_I \ : f
I
|
I

I(Note2)
EEEEEEEELE < Do&D1><D2)XD3XD4XD5 X Ds X __ D7 }----

SOouUTi output "H"
e
. "H" !
SINi input wo X X )<_J_X X X X X
|
SilC register !
IR bit "0"
i=3,4

Note 1: This diagram applies to the case where the SiC register bits are set as follows:
SMi2=0 (SouTi output), SMi3=1 (SOUTi output, CLKi function), SMi4=0 (transmit data output at the falling edge and receive data input at the
rising edge of the transfer clock), SMi5=0 (LSB first) and SMi6=1 (internal clock)

Note 2: When the SMi6 bit = 1 (internal clock), the SOUTi pin is placed in the high-impedance state after the transfer finishes.

Note 3: If the SMi6 bit=0 (internal clock), the serial I/O starts sending or receiving data a maximum of 1.5 transfer clock cycles after writing to the
SIiTRR register.

Figure 10.36  SI/Oi Operation Timing

10.8.2 CLK Polarity Selection

The SiC register's SMi4 bit allows selection of the polarity of the transfer clock. Figure 10.37 shows the polarity
of the transfer clock.

(1) When SiC register's SMi4 bit = “0”

S I Y )

SINi XDO%{W><D2/)><D3><D4><D5><D6><D7
SOUTI X po X D1 X D2 X D3 X D4 X D5 X D6 X D7

(2) When SiC register's SMi4 bit = “1”

e [LFLTVTLILILI LIl e
XDO%{M><D2)><D3><D4><D5><D6><D7

SouT; ><D0><D1><Df><D3><D4><D5><D6><D7

i=3 and 4

Note 1: This diagram applies to the case where the SiC register bits are set as follows:
SMi5=0 (LSB first) and SMi6=1 (internal clock)

Note 2: When the SMi6 bit=1 (internal clock), a high level is output from the CLKi
pin if not transferring data.

Note 3: When the SMi6 bit=1 (internal clock), a low level is output from the CLKi
pin if not transferring data.

SINi

Figure 10.37 Polarity of Transfer Clock
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10.8.3 Functions for Setting an Souri Initial Value

If the SiC register’s SMi6 bit = 0 (external clock), the SOUTi pin output can be fixed high or low when not
transferring. Figure 10.38 shows the timing chart for setting an SOUTi initial value and how to set it.

(Example) When “H” selected for SOuTi initial value (Note 1) 4 Setting of the initial value of SOUTI N

output and starting of transmission/
L reception

| v

Signal written to
SiTRR register

J

Set the SMi3 bit to “0”
(SourTi pin functions as an |/O port)

v

|
I
I
SMi3 bit | Set the SMi7 bit to “1”
I
I
|
|
{

SMi7 bit

/ (Souri initial value = “H”)

1

I

: DO Y
: Set the SMi3 bit to “1”
1
I
|

SouTi (internal)

(Souri pin functions as SouTi output)

I
1
I .

SouTi pin output Portoueut v o0 iHH” level is output
T
I

 (— > .
I Initial value = *H" (Note 3) from the Souri pin

(i=3,4) v A Write to the SiTRR register
Setting the SouTi  Port selection switching
initial value to “H”  (1/O port = SouTi)
(Note 2)

Serial transmit/reception starts

Note 1: This diagram applies to the case where the SiC register bits are set as follows:

SMi2=0 (SouTi output), SMi5=0 (LSB first) and SMi6=0 (external clock)
Note 2: SouTi can only be initialized when input on the CLKi pin is in the high state if the SiC

register's SMi4 bit = 0 (transmit data output at the falling edge of the transfer clock) or

in the low state if the SMi4 bit = 1 (transmit data output at the rising edge of the

transfer clock).
Note 3: If the SMi6 bit = 1 (internal clock) or if the SMi2 bit = 1 (SouT output disabled),

this output goes to the high-impedance state.

Figure 10.38 Souri’s Initial Value Setting
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11. Multi-master I2C-BUS Interface

The multi-master [2C-BUS interface have each dedicated circuit and operate independently.

The multi-master [2C-BUS interface is a serial communications circuit, conforming to the Philips [2C-BUS data
transfer format. This interface i, offering both arbitration lost detection and a synchronous functions, is useful for the
multi-master serial communications.

Table 11.1 shows multi-master [2C-BUS interface functions.

This multi-master [2C-BUS interface consists of 12C address register, [12C data shift register, 12C clock control register,
12C control register, I12C status register, 12C transmit buffer register and the other control circuits.

Table 11.1 Clock Generation Circuit Specifications

ltem Function

Format In conformity with Philips 12C-BUS standard:

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

Communication mode In conformity with Philips 12C-BUS standard:
Master transmission

Master reception

Slave transmission

Slave reception

SCL clock frequency 16.1 kHz to 400 kHz (BCLK = 16 MHz)
Power supply voltage on bus line | (SCL3/SDA3) : Vcc1

Note. Our company doesn't assume the responsibility of the patent of the third party who originates in the use of the
function to control the connection of I2C-BUS interface and ports (SCL3, SDA3) and other infringements of right.
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Block Diagram of Multi-master 12C-BUS interface
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M306H7MG-XXXFP/MC-XXXFP/FGFP 11. MULTI-MASTER I12C BUS INTERFACE

(1) Reserved register

Reserved register

Symbol Address When reset
b7 b6 bS b4 b3 b2 b1 b0 RSVREGO02E5 02E516 007000002
ofofofofo[ Jo]o]
i i i i i i i v | Bit Symbol Bit name Function RW
v+ 1 1 1'% Reserved bits Must always be set to “0” wo
i ; i ; i i Multi-master 12C-BUS
' ' RSVREGO02E52 | interface enable bit _ .
oo SVREGO2ES 0 = Non active RW
e 1 = Active
Lol L] Reserved bits Must always be set to “0” o]

Figure 11.2 Reserved register
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M306H7MG-XXXFP/MC-XXXFP/FGFP 11. MULTI-MASTER I12C BUS INTERFACE

(2) I2C data shift register, I2C transmit buffer register
The I2C data shift register is an 8-bit shift register to store receive data and write transmit data.
When transmit data is written into this register, it is transferred to the outside from bit 7 in synchronization with
the SCL clock, and each time one-bit data is output, the data of this register are shifted one bit to the left. When
data is received, it is input to this register from bit 0 in synchronization with the SCL clock, and each time one-bit
data is input, the data of this register are shifted one bit to the left.
The I2C data shift register is in a write enable status only when the ESO bit of the I2C control register is “1.” The
bit counter is reset by a write instruction to the 12C data shift register. When both the ESO bit and the MST bit of
the I2C status register are “1,” the SCL is output by a write instruction to the I2C data shift register. Reading data
from the I12C data shift register is always enabled regardless of the ESO bit value.
The 12C transmit buffer register is a register to store transmit data (slave address) to the 12C data shift register
before RESTART condition generation. That is, in master, transmit data written to the 12C transmit buffer register
is written to the I2C data shift register simultaneously. However, the SCL is not output. The I2C transmit buffer
register can be written only when the ESO bit is “1,” reading data from the I12C transmit buffer register is disabled
regardless of the ESO bit value.

Notes 1: To write data into the 12C data shift register or the I2C transmit buffer register after the MST bit value
changes from “1” to “0” (slave mode), keep an interval of 20 BCLK or more.
2: To generate START/RESTART condition after the 12C data shift register or the 12C transmit buffer
register is written, keep an interval of 4 BCLK or more.
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M306H7MG-XXXFP/MC-XXXFP/FGFP 11. MULTI-MASTER I12C BUS INTERFACE

I°C data shift register

Symbol Address When reset
b7 b6 bS b4 b3 b2 b1 bO 1IC0S0 02E016 Indeterminate
|
i i i i i i i i Bit Symbol Bit name Function RW
i i i i i i i a DO Data shift register This is an 8-bit shift register to store RW
R D1 receive data and write transmit data.
e &z
R o
R D4
ol b D5
Vo D6
R D7

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

Figure 11.3 I12C data shift register

I2C transmit buffer register

Symbol Address When reset
b7 b6 b5 b4 b3 b2 b1 b0 1IC0S0S 02E616 Indeterminate
LI
i i i i i i i i Bit Symbol Bit name Function RW
i i i i i i i 3 S0S0 Transmit buffer register | This is azn 8-bit register to write transmit wo
R S0S1 data to 1°C data shift register.
e s082
e 5083
R 5084
P mmmmmmemeeeeees S0S5
 REEEEEEEEEEE S0S6
e S0S7

Figure 11.4 I12C transmit buffer register
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M306H7MG-XXXFP/MC-XXXFP/FGFP 11. MULTI-MASTER I12C BUS INTERFACE

(3) I2C address register
The I2C address register consists of a 7-bit slave address and a read/write bit. In the addressing mode, the slave
address written in this register is compared with the address data to be received immediately after the START
condition are detected.

* Bit 0: read/write bit (RBW)
Not used when comparing addresses, in the 7-bit addressing mode. In the 10-bit addressing mode, the first address
data to be received is compared with the contents (SAD6 to SADO + RBW) of the I2C address register.
The RBW bit is cleared to “0” automatically when the stop condition is detected.

* Bits 1 to 7: slave address (SADO to SADG6)
These bits store slave addresses. Regardless of the 7-bit addressing mode and the 10-bit addressing mode, the
address data transmitted from the master is compared with the contents of these bits.

I2C address register

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset

1IC0S0D 02E116 0016

Bit Symbol Bit name Function RW

RBW Read/write bit <Only in 10-bit addressing (in slave) mode> RW
The last significant bit of address data is
compared.
0 : Wait the first byte of slave address
after START condition
(read state)
1 : Wait the first byte of slave address
after RESTART condition
(write state)

- SADO Slave address <In both modes>

R SAD1 The address data is compared. RW

P SAD2
PR SAD3
--------------- SAD4
B RRRREREEEED SAD5
R RREEEEEEEEED SADS6

Figure 11.5 I12C address register
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M306H7MG-XXXFP/MC-XXXFP/FGFP 11. MULTI-MASTER I12C BUS INTERFACE

(4) 12C clock control register
The I2C clock control register is used to set ACK control, SCL mode and SCL frequency.

* Bits 0 to 4: SCL frequency control bits (CCR0-CCR4)
These bits control the SCL frequency.

* Bit 5: SCL mode specification bit (FAST MODE)
This bit specifies the SCL mode. When this bit is set to “0,” the standard clock mode is set. When the bit is set to
“1,” the high-speed clock mode is set.

* Bit 6: ACK bit (ACK BIT)
This bit sets the SDA status when an ACK clock= is generated. When this bit is set to “0,” the ACK return mode
is set and SDA goes to LOW at the occurrence of an ACK clock. When the bit is set to “1,” the ACK non-return
mode is set. The SDA is held in the HIGH status at the occurrence of an ACK clock.
However, when the slave address matches the address data in the reception of address data at ACK BIT = “0,” the
SDA is automatically made LOW (ACK is returned). If there is a mismatch between the slave address and the
address data, the SDA is automatically made HIGH (ACK is not returned).

*ACK clock: Clock for acknowledgement

* Bit 7: ACK clock bit (ACK)
This bit specifies a mode of acknowledgment which is an acknowledgment response of data transmission.
When this bit is set to “0,” the no ACK clock mode is set. In this case, no ACK clock occurs after data
transmission. When the bit is set to “1,” the ACK clock mode is set and the master generates an ACK clock upon
completion of each 1-byte data transmission.The device for transmitting address data and control data releases the
SDA at the occurrence of an ACK clock (make SDA HIGH) and receives the ACK bit generated by the data
receiving device.

Note: Do not write data into the 12C clock control register during transmission. If data is written during
transmission, the 12C clock generator is reset, so that data cannot be transmitted normally.
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11. MULTI-MASTER I12C BUS INTERFACE

I2C clock control register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address When reset
11IC0S2 02E416 0016
Bit Symbol Bit name Function RW
CCRO SCL frequency control  [Setup value of [ Standard High speed RW
bits CCR4-CCRO | clock mode clock mode
00 to 02 [Setup disabled |Setup disabled
CCR1
03 Setup disabled 333
04 Setup disabled 250
CCR2 05 100 400 (See note)
06 83.3 166
CCR3 : 500/CCR value [1000/CCR value
1D 17.2 34.5
CCR4 1E 16.6 33.3
1F 16.1 323
(at BCLK = 10 MHz, unit : kHz)
FAST MODE | SCL mode specification | O : Standard clock mode RW
bit 1 : High-speed clock mode
ACK BIT ACK bit 0 : ACK is returned. RW
1: ACK is not returned.
ACK ACK clock bit 0 : No ACK clock RW
1 : ACK clock

Note: At 400 kHz in the high-speed clock mode, the duty is as below.
“0” period : “1” period = 3 : 2
In the other cases, the duty is as below.
“0” period : “1” period =1 : 1

Figure 11.6

12C clock control register
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M306H7MG-XXXFP/MC-XXXFP/FGFP 11. MULTI-MASTER I12C BUS INTERFACE

(5) I2C control register
The 12C control register controls the data communication format.

* Bits 0 to 2: bit counter (BC0-BC2)
These bits decide the number of bits for the next 1-byte data to be transmitted. An interrupt request signal occurs
immediately after the number of bits specified with these bits are transmitted.
When a START condition is received, these bits become “0002” and the address data is always transmitted and
received in 8 bits.
Note: When the bit counter value = “1112,” a STOP condition and START condition cannot be waited.

* Bit 3: 12C-BUS interface use enable bit (ESO)
This bit enables usage of the multimaster [2C-BUS interface i. When this bit is set to “0,” the use disable status is
provided, so the SDA and the SCL become high-impedance. When the bit is set to “1,” use of the interface is
enabled.
When ESO = “0,” the following is performed.
o PIN=“1,” BB =“0" and AL = “0” are set (they are bits of the I2C status register).
o Writing data to the I2C data shift register and the 12C transmit buffer register is disabled.

* Bit 4: data format selection bit (ALS)
This bit decides whether or not to recognize slave addresses. When this bit is set to “0,” the addressing format is
selected, so that address data is recognized. When a match is found between a slave address and address data as a
result of comparison or when a general call (refer to “(6) I2C status register,” bit 1) is received, transmission
processing can be performed. When this bit is set to “1,” the free data format is selected, so that slave addresses
are not recognized.

* Bit 5: addressing format selection bit (10BIT SAD)
This bit selects a slave address specification format. When this bit is set to “0,” the 7-bit addressing format is
selected. In this case, only the high-order 7 bits (slave address) of the I2C address register are compared with
address data. When this bit is set to “1,” the 10-bit addressing format is selected, all the bits of the I12C address
register are compared with address data.
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M306H7MG-XXXFP/MC-XXXFP/FGFP 11. MULTI-MASTER I12C BUS INTERFACE

I2C control register
Symbol Address When reset
b7 b6 b5 b4 b3 b2 b1 b0 ICOS1D 02E316 0016
V 1+ 1+ 2 1 1 1 | BitSymbol Bit name Function RW
- BCO Bit counter b2 b1 b0 RW
i i i i i i i (Number of 000:8
I S transmit/receive bits) 00 1:7
N 010:6
A 01 1:5
A 100:4
I B 10 1:3
A BC2 110:2
- 11 1:1
. ESO IC-BUS interface use | 0 : Disabled RW
Por o enable bit 1: Enabled
T ALS Data format selection | 0 : Addressing format RW
oo bit 1: Free data format
i i . 10BIT SAD | Address format selection| O : 7-bit addressing format RW
- bit 1 : 10-bit addressing format
e Nothing is assigned. —
In an attempt to write to these bits, write “0.”
The value, if read, turns out to be “0.”

Figure 11.7 I12C control register
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(6) I2C status register
The I2C status register controls the [2C-BUS interface status. Bits 0 to 3, 5 are read-only bits and bits 4, 6, 7 can be
read out and written to.

* Bit 0: last receive bit (LRB)
This bit stores the last bit value of received data and can also be used for ACK receive confirmation. If ACK is
returned when an ACK clock occurs, the LRB bit is set to “0.” If ACK is not returned, this bit is set to “1.” Except
in the ACK mode, the last bit value of received data is input. The state of this bit is changed from “1” to “0” by
executing a write instruction to the 12C data shift register or the I2C transmit buffer register.
« Bit 1: general call detecting flag (ADO)
This bit is set to “1” when a general call+ whose address data is all “0” is received in the slave mode.
By a general call of the master device, every slave device receives control data after the general call.
The ADO bit is set to 101 by detecting the STOP condition or START condition.
*General call: The master transmits the general call address “0016”to all slaves.

* Bit 2: slave address comparison flag (AAS)

This flag indicates a comparison result of address data.
<<In the slave receive mode, when the 7-bit addressing format is selected, this bit is set to “1” in one of the following
conditions.>>

e The address data immediately after occurrence of a START condition matches the slave address stored in the

high-order 7 bits of the 12C address register.

e A general call is received.
<<In the slave reception mode, when the 10-bit addressing format is selected, this bit is set to “1”” with the following
condition.>>

e When the address data is compared with the 12C address register (8 bits consists of slave address and RBW),

the first bytes match.
<<The state of this bit is changed from “1” to “0” by executing a write instruction to the [2C data shift register or
the 12C transmit buffer register.>>
* Bit 3: arbitration lost+ detecting flag (AL)

In the master transmission mode, when a device other than the microcomputer sets the SDA to “L,” arbitration is
judged to have been lost, so that this bit is set to “1.” At the same time, the TRX bit is set to “0,” so that
immediately after transmission of the byte whose arbitration was lost is completed, the MST bit is set to “0.”
When arbitration is lost during slave address transmission, the TRX bit is set to “0” and the reception mode is set.
Consequently, it becomes possible to receive and recognize its own slave address transmitted by another master
device.
<<This bit changes “1” to “0” by writing instruction to 12C data shift register or I2C transmit buffer
register.>>

*Arbitration lost: The status in which communication as a master is disabled.
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* Bit 4: 12C-BUS interface interrupt request bit (PIN)

This bit generates an interrupt request signal. Each time 1-byte data is transmitted, the state of the PIN bit changes
from “1” to “0.” At the same time, an interrupt request signal is sent to the CPU. The PIN bit is set to “0” in
synchronization with a falling edge of the last clock (including the ACK clock) of an internal clock and an
interrupt request signal occurs in synchronization with a falling edge of the PIN bit. When detecting the STOP
condition in slave, the multi-master [2C-BUS interface interrupt request bit (IR) is set to “1” (interrupt requested)
regardless of falling of PIN bit. When the PIN bit is “0,” the SCL is kept in the “0” state and clock generation is
disabled. Figure 11.9 shows an interrupt request signal generating timing chart.
The PIN bit is set to “1” in any one of the following conditions.

e Writing “1” to the PIN bit

e Executing a write instruction to the I2C data shift register or the I2C transmit buffer register (See note).

e When the ESO bit is “0”

e At reset

Note: It takes 12 BCLK cycles or more until PIN bit becomes “1” after write instructions are executed to these
registers.
The conditions in which the PIN bit is set to “0” are shown below:
¢ Immediately after completion of 1-byte data transmission (including when arbitration lost is detected)
e Immediately after completion of 1-byte data reception
e In the slave reception mode, with ALS = “0” and immediately after completion of slave address or general call
address reception
o In the slave reception mode, with ALS = “1” and immediately after completion of address data reception

* Bit 5: bus busy flag (BB)
This bit indicates the status of use of the bus system. When this bit is set to “0,” this bus system is not busy and a
START condition can be generated. When this bit is set to “1,” this bus system is busy and the occurrence of a
START condition is disabled by the START condition duplication prevention function (See note).
This flag cannot be written with software. In the other modes, this bit is set to “1” by detecting a START
condition and set to “0” by detecting a STOP condition. When the ESO bit of the [2C control register is “0” and at
reset, the BB flag is kept in the “0” state.
* Bit 6: communication mode specification bit (transfer direction specification bit: TRX)

This bit decides the direction of transfer for data communication. When this bit is “0,” the reception mode is
selected and the data of a transmitting device is received. When the bit is “1,” the transmission mode is selected
and address data and control data are output into the SDA in synchronization with the clock generated on the
SCL.
When the ALS bit of the I2C control register is “0” in the slave reception mode is selected, the TRX bit is set to
“1” (transmit) if the least significant bit (R/W bit) of the address data transmitted by the master is “1.” When the
ALS bit is “0” and the R/W bit is “0,” the TRX bit is cleared to “0” (receive).
The TRX bit is cleared to “0” in one of the following conditions.

e When arbitration lost is detected.

e When a STOP condition is detected.

e When occurrence of a START condition is disabled by the START condition duplication prevention function

(Note).

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

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

e At reset
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* Bit 7: Communication mode specification bit (master/slave specification bit: MST)

This bit is used for master/slave specification for data communication. When this bit is “0,” the slave is specified,
so that a START condition and a STOP condition generated by the master are received, and data communication
is performed in synchronization with the clock generated by the master.
When this bit is “1,” the master is specified and a START condition and a STOP condition are generated, and also
the clocks required for data communication are generated on the SCL.
The MST bit is cleared to “0” in one of the following conditions.

e Immediately after completion of 1-byte data transmission when arbitration lost is detected

e When a STOP condition is detected.

e When occurence of a START condition is disabled by the START condition duplication preventing function

(See note).
e At reset

Note: The START condition duplication prevention function disables the following: the START condition
generation; bit counter reset, and SCL output with the generation. This bit is valid from setting of BB flag
to the completion of 1-byte transmission/reception (occurrence of transmission/ reception interrupt
request) <IICRQ>.

I°C status register

Symbol Address When reset

|b7|b6|b5|b4 b3 b2 b1 b0 ICOS1 02E216 000100072
e Bit Symbol Bit name Function RW
A LRB Last receive bit 0: Last bit = “0” RO
i i i i i i i 1: Last bit = “1” (See note 1)
i i i i i i :._ - ADO General call detecting | 0 : No general call detected RO
e flag 1: General call detected (See note 1)
i i i i i el AAS Slave address comparison | 0 : Address mismatch RO
oo flag 1: Address match (See note 1)
R T AL Arbitration lost detecting| 0 : Not detected RO
E E E E flag 1: Detected (See note 1)
E E E :_ ____________ PIN I2C-BUS interface 0 : Interrupt request issued RW
N interrupt request bit 1 : No interrupt request issued (See note 2)
E E S BB Bus busy flag 0 : Bus free RO
o 1 : Bus busy (See note 1)
T TRX Communication mode | b7b6 RW
E specification bits 0 O: Slave receive mode
1 0 1: Slave transmit mode
e MST

1 0 : Master receive mode
1 1 : Master transmit mode

Notes 1: These bits and flags can be read out, but cannot be written.
2: This bit can be written only “1.”

Figure 11.8 I12C status register

PIN

ICIRQ |—|

Figure 11.9 Interrupt request signal generation timing
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(7) START condition generation method
When the ESO bit of the I2C control register is “1,” execute a write instruction to the 12C status register to set the
MST, TRX and BB bits to “1.” A START condition will then be generated. After that, the bit counter becomes
“0002” and an SCL for 1 byte is output. The START condition generation timing and BB bit set timing are
different in the standard clock mode and the high-speed clock mode. Refer to Figure 11.10 for the START
condition generation timing diagram, and Table 11.2 for the START condition/STOP condition generation timing
table.

I2Ci status register write signal — |

scL i
- St%blep_ - Hold time =
SDA —1 ! ‘

| Set time i

, for BB fl
BB flag il

Figure 11.10 START condition generation timing diagram

(8) STOP condition generation method
When the ESO bit of the I2C control register is “1,” execute a write instruction to the 12C status register for setting
the MST bit and the TRX bit to “1”” and the BB bit to “0”. A STOP condition will then be generated. The STOP
condition generation timing and the BB flag reset timing are different in the standard clock mode and the high-
speed clock mode. Refer to Figure 11.11 for the STOP condition generation timing diagram, and Table 11.2 for
the START condition/STOP condition generation timing table.

I2Ci status register write signal M

scL i : o
L St%Ljep - -~ Hold time -
SDA _l:—lResettime:
v for |
BB flag  BBflag
|

Figure 11.11 STOP condition generation timing diagram

Table 11.2  START condition/STOP condition generation timing table

ltem Standard Clock Mode High-speed Clock Mode
Setup time (Min.) 5.6 us 2.1 us
Hold time (Min.) 4.8 us 2.3 us
Set/reset time for BB flag 3.5us 0.75 us
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(9) START/STOP condition detect conditions
The START/STOP condition detect conditions are shown in Figure 11.12 and Table 11.3.
Only when the 3 conditions of Table 11.3 are satisfied, a START/STOP condition can be detected.

Note: When a STOP condition is detected in the slave mode (MST = 0), an interrupt request signal <IICRQ> is
generated to the CPU.

r~~~~SCL release time -~~~ !
SCL !
_]L Setup 1 Hold __ ,!—
SDA ! time , time |
(START condition) ! L -
| Setup 1 Hold I
v time 1" °  time "~

SDA |
(STOP condition) |

Figure 11.12 START condition/STOP condition detect timing diagram

Table 11.3 START condition/STOP condition detect conditions
High-speed Clock Mode

1.0 us < SCL release time
0.5 ps < Setup time
0.5 pus < Hold time

Standard Clock Mode
6.5 us < SCL release time
3.25 us < Setup time
3.25 ps < Hold time
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(10) Address data communication
There are two address data communication formats, namely, 7-bit addressing format and 10-bit addressing
format. The respective address communication formats is described below.

* 7-bit addressing format
To meet the 7-bit addressing format, set the 10BIT SAD bit of the 12C control register to “0.” The first 7-bit
address data transmitted from the master is compared with the high-order 7-bit slave address stored in the 12C
address register. At the time of this comparison, address comparison of the RBW bit of the 12C address register is
not made. For the data transmission format when the 7-bit addressing format is selected, refer to Figure 11.13 (1)
and (2).

* 10-bit addressing format
To meet the 10-bit addressing format, set the 10BIT SAD bit of the I2C control register to “1.” An address
comparison is made between the first-byte address data transmitted from the master and the 7-bit slave address
stored in the I2C address register. At the time of this comparison, an address comparison between the RBW bit of
the 12C address register and the R/W bit which is the last bit of the address data transmitted from the master is
made. In the 10-bit addressing mode, the R/W bit which is the last bit of the address data not only specifies the
direction of communication for control data but also is processed as an address data bit.
When the first-byte address data matches the slave address, the AAS bit of the I2C status register is set to “1.”
After the second-byte address data is stored into the [2C data shift register, make an address comparison between
the second-byte data and the slave address by software. When the address data of the 2nd bytes matches the slave
address, set the RBW bit of the 12C address register to “1” by software. This processing can match the 7-bit slave
address and R/W data, which are received after a RESTART condition is detected, with the value of the I2C
address register. For the data transmission format when the 10-bit addressing format is selected, refer to Figure
11.13, (3) and (4).
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(11) Example of Master Transmission

An example of master transmission in the standard clock mode, at the SCL frequency of 100 kHz and in the ACK

return mode is shown below.

(1) Set a slave address in the high-order 7 bits of the I2C address register and “0” in the RBW bit.

(2) Set the ACK return mode and SCL = 100 kHz by setting “8516” in the I2C clock control register.

(3) Set “1016” in the 12C status register and hold the SCL at the HIGH.

(4) Set a communication enable status by setting “0816” in the I12C control register.

(5) Set the address data of the destination of transmission in the high-order 7 bits of the [2C data shift register and
set “0” in the least significant bit.

(6) Set “F016” in the I2C status register to generate a START condition. At this time, an SCL for 1 byte and an
ACK clock automatically occurs.

(7) Set transmit data in the 12C data shift register. At this time, an SCL and an ACK clock automatically occurs.

(8) When transmitting control data of more than 1 byte, repeat step (7).

(9) Set “DO016” in the I2C status register. After this, if ACK is not returned or transmission ends, a STOP condition
will be generated.

(12) Example of Slave Reception
An example of slave reception in the high-speed clock mode, at the SCL frequency of 400 kHz, in the ACK non-
return mode, using the addressing format, is shown below.
(1) Set a slave address in the high-order 7 bits of the [2C address register and “0” in the RBW bit.
(2) Set the no ACK clock mode and SCL =400 kHz by setting “2516” in the 12C clock control register.
(3) Set “1016” in the 12C status register and hold the SCL at the HIGH.
(4) Set a communication enable status by setting “0816” in the I2C control register.
(5) When a START condition is received, an address comparison is made.
(6)
*When all transmitted address are“0” (general call):
ADO of the I2C status register is set to “1”and an interrupt request signal occurs.
*When the transmitted addresses match the address set in (1):
ASS of the I2C status register is set to “1” and an interrupt request signal occurs.
«In the cases other than the above:
ADO and AAS of the I2C status register are set to “0” and no interrupt request signal occurs.
(7) Set dummy data in the I2C data shift register.
(8) When receiving control data of more than 1 byte, repeat step (7).
(9) When a STOP condition is detected, the communication ends.
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A//K‘P‘

R/W‘ A ‘ Data A ‘ Data

‘ S ‘ Slave address
7 bits "0" 1to 8 bits 1 to 8 bits
(1) A master-transmitter transmits data to a slave-receiver
‘ S ‘ Slave address R/W‘ A ‘ Data ‘ A ‘ Data ‘ A ‘ P ‘

7 bits """ 1 to 8 bits 1 to 8 bits

(2) A master-receiver receives data from a slave-transmitter

Slave address
2nd byte

Slave address
1st 7 bits

‘RNV‘A ‘A‘Data‘A‘Data‘N/&‘P‘

E

7 bits "0 8 bits 10 8 bits 110 8 bits

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

Slave address
1st 7 bits

Slave address
2nd byte

Slave address

15t 7 bits A ‘ Data ‘ A ‘ P ‘

‘A‘Sr

E

]
7 bits "0"

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

‘R/W‘ A ‘ Data

8 bits 7 bits " 1 to 8 bits 1o 8 bits

S : START condition
A ACK bit
Sr : Restart condition

P : STOP condition
R/W :Read/Write bit

[] From master to slave
[ ] From slave to master

Figure 11.13 Address data communication format

(13) Precautions when using multi-master 12C-BUS interface

* BCLK operation mode
Select the no-division mode.
e Used instructions

Specify byte (.B) as data size to access multi-master [2C-BUS interface i-related registers.

* Read-modify-write instruction

The precautions when the read-modify-write instruction such as BSET, BCLR etc. is executed for each register of
the multi-master [2C-BUS interface are described below.

e 12C data shift register (IICSO0)

When executing the read-modify-write instruction for this register during transfer, data may become a value

not intended.
e [2C address register (IICSOD)

When the read-modify-write instruction is executed for this register at detecting the STOP condition, data may
become a value not intended. It is because hardware changes the read/write bit (RBW) at the above timing.

o [2C status register (IICS1)

Do not execute the read-modify-write instruction for this register because all bits of this register are changed

by hardware.
e 12C control register (IICS1D)

When the read-modify-write instruction is executed for this register at detecting the START condition or at
completing the byte transfer, data may become a value not intended. Because hardware changes the bit
counter (BCO-BC2) at the above timing.

e 12C clock control register (IICS2)

The read-modify-write instruction can be executed for this register.

e [2C port selection register (IICS2D)

Since the read value of high-order 4 bits is indeterminate, the read-modify-write instruction cannot be used.

e [2C transmit buffer register (IICSOS)

Since the value of all bits is indeterminate, the read-modify-write instruction cannot be used.
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* START condition generating procedure using multi-master

FCLR I (Interrupt disabled)

BTST 5, ICS1 (BB flag confirming and branch process)
JC BUSBUSY
BUSFREE:
MOV.B SA, lICSO (Writing of slave address value <SA>) —
NOP
NOP (1 (2
NOP
NOP
MOV.B #FOH, 11ICS1 (Trigger of START condition generating)
FSET I (Interrupt enabled) o ]
BUSBUSY:

FSET I (Interrupt enabled)

(1) Be sure to add NOP instruction x 4 between writing the slave address value and setting trigger of START
condition generating shown the above procedure example.
(2) When using multi-master system, disable interrupts during the following three process steps:
* BB flag confirming
» Writing of slave address value
* Trigger of START condition generating
When the condition of the BB flag is bus busy, enable interrupts immediately.
When using single-master system, it is not necessary to disable interrupts above.

* RESTART condition generating procedure

MOV.B SA, IICS0S (Writing of slave address value <SA>)

(1)
NOP
NOP

MOV.B #FOH, 1ICS1 (Trigger of RESTART condition generating)

(1) Use the I2C transmit buffer register to write the slave address value to the 12C data shift register.
And also, be sure to add NOP instruction x 4.

* Writing to 12C status register
Do not execute an instruction to set the PIN bit to “1” from “0” and an instruction to set the MST and TRX bits to
“0” from “1” simultaneously. It is because it may enter the state that the SCL pin is released and the SDA pin is
released after about one machine cycle. Do not execute an instruction to set the MST and TRX bits to “0” from
“1” simultaneously when the PIN bit is “1.” It is because it may become the same as above.

* Process of after STOP condition generating
Do not write data in the I2C data shift register (IICS0) and the 12C status register (IICS1) until the bus busy flag
BB becomes “0” after generating the STOP condition in the master mode. It is because the STOP condition
waveform might not be normally generated. Reading to the above registers do not have the problem.
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12C0 Interrupt Control Register

b7 b6 bS5 b4 b3 b2 b1 b0 Symbol Address At reset

| | | | |0 | 0 | 0 | 0 | EXTIICINT 02D616 0016
oo
1 1 1 1 1 1 1 1
- Bit symbol Bit name Function RIW
A i
!0 11 w------t Reserved bits | Mustsetto "0." 010
oo :
: ' b EXTIICINTO ACK interrupt control bit 0000: Interrupt prohibition (Note 2) '
' ' H (Note 1) 0101: Interrupt permission '
Vo) T EXTIICINT1 Other: Must not be set '
Lo 0.0
1 1 1
T bl EXTIICINT2 Please set TA4IC (Note 3) when '
1 you use it by "Interrupt permission"| 1
1 1
""""""""" EXTIICINT3 '

Notes 1: Timer A4 and multi master 12C (ACK) interrupt, the vector and the interrupt control register
are shared. Please make it to (b7, b6, b5, b4) = (0, 1, 0, 1) when you use multi-master 12C
(ACK) interrupt.

Please set 00002 when you use the interrupt of timer A4.

Please refer to "Figure 6.3 interrupt control register" of "6.5 interrupt control".

Please change in the part where multi-master 12C (ACK) and timer A4 interrupt request are
not generated in the 12C0 interrupt control register.

Please permit interrupt after making IR bit of timer A4 (TA4IC) "0" (the interrupt request none)
after EXTIICINTI (i = 0 to 3) is changed.

Notes 2:
Notes 3:
Notes 4:

Notes 5:

Reserved Register

b7 b6 b5 b4 b3 b2 b1 b0

bol Address At reset
| 0 | 0 | 0 | 0 | | 0 | | 0 | RSVREG02D7 02D716 0016

T T T T T T T T

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 :

VoL v b | Bitsymbol Bit name Function R1W

I 1 1 1 1 1 1 1 :

i 1 v 1 1 1 1 ={ Reserved bit Must set to "0." O i O

oo ;

[ T T T T T P, . . 2 . i i g w '

o Reserved bit When use multi-master [°C-BUS interface, set this bitto "1."  [O!1 O

1 1 1 I I

1 1 1 1 1 1 1

1 1 1 1 1 1 T

A Reserved bit Must set to "0." 0,10

I 1 1 1 1 1

! 1 1 1 1 1

o e Reserved bit When use multi-master 12C-BUS interface, set this bitto "1."  |O : O
1

5 |

1 1
D L EEEEEEEEE, Reserved bits [ Must set to "0." o110
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12. A/D Converter

The microcomputer contains one A/D converter circuit based on 8-bit successive approximation method configured
with a capacitive-coupling amplifier. The analog inputs share the pins with P00 to P07, P95 and P96. Similarly, ADTRG
input shares the pin with P97. Therefore, when using these inputs, make sure the corresponding port direction bits are
set to “0” (= input mode).

When not using the A/D converter, set the VCUT bit to “0” (= Vref unconnected), so that no current will flow from the
VREF pin into the resistor ladder, helping to reduce the power consumption of the chip.

The A/D conversion result is stored in the ADi register bits for ANi pins (i =0 to 7).

Table 12.1 shows the performance of the A/D converter. Figure 12.1 shows the block diagram of the A/D converter,
and Figures 12.2 and 12.3 show the A/D converter-related registers.

Table 12.1 Performance of A/D Converter

Item Performance
Method of A/D conversion | Successive approximation (capacitive coupling amplifier)
Analog input voltage (Note 1)| 0V to AVcc (Vcce)
Operating clock ¢AD (Note 2) | f AD/divide-by-2 of faD/divide-by-3 of f AD/divide-by-4 of f AD/divide-by-6 of
f AD/divide-by-12 of fAD
Resolution 8-bit
Integral nonlinearity error | When AVcc = VREF = 5V
» With 8-bit resolution: +t3LSB
- ANEXO and ANEX1 input (including mode in which external operation
amp is connected) : +4LSB

Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
and repeat sweep mode 1
Analog input pins 8 pins (ANo to AN7) + 2 pins (ANEX0 and ANEX1)

A/D conversion start condition | « Software trigger
The ADCONO register's ADST bit is set to “1” (A/D conversion starts)
» External trigger (retriggerable)
Input on the ADTRG pin changes state from high to low after the ADST bit is
set to “1” (A/D conversion starts)
Conversion speed per pin |« Without sample and hold function
8-bit resolution: 49 ¢AD cycles
» With sample and hold function
8-bit resolution: 28 ¢AD cycles

Note 1: Does not depend on use of sample and hold function.

Note 2: The ¢AD frequency must be 10 MHz or less.
Without sample-and-hold function, limit the ¢AD frequency to 250kHz or more.
With the sample and hold function, limit the ¢AD frequency to 1MHZz or more.
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A/D conversion rate
selection
CKS2=0

fap O

CKS2=1

TRG=0
Software trigger AD tri
N ~——————— rigger
ADTRG O o o
TRG=1

VREF

(Veez) VCUT=0 Resistor ladder

J
l [ CKS0=1° $AD
[172 ] [ 12 ] CKS1=0
731 o L ! L I ckso=0

AVss O—cuTt=r°

i

Successive conversion register ADCON1

register ;
mEmRmRRE

ADCONO register

YYY
AD register 0 <
AD register 1
AD register 2
Decoder

for A/D register

AD register 4
AD register 5
AD register 6
AD register 7(

|

(
(
(
AD register 3(
(
(
(

00| Co| 0o 0o 0o 0o 0of 0o
— ===~ ===

AAAAA

Data bus low-order ADCON2 register

o
OPA1 to OPAO=11 2[& o

OPA1 to OPAO

(address 03D416) ???
wINEa e
Decoder
for channel
selection
YYYVYYY l ‘L_ |
Port PO group CHZ_E’OB' 0 |
ANo O————25
AN1 o_%o OPA1 to OPA0=002
AN2 O——o_01 .
AN3 O S0 36
ﬁ“‘s‘ O—o =10122
ANs O————110%
AN7 O———"%

Vref

VIN

Comparator

ANEXo iy OPAO=1 5~ =012
ANEX: O OPA1=1 . OPA1=1 y—\’t\
Figure 12.1 A/D Converter Block Diagram
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A/D control register 0 (Note)

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

| | ADCONO 03D616 00000XXX2
¢ v ! Bt symbol Bit name Function RW
A CHO Analog input pin select bit | Function varies with each operation mode | RW
AT I O RS e RW
Dol e CH2 RW
BEEE —
R MDO | otpg_:aglon mode 0 0 : One-shot mode RW
oo select bi 0 1 : Repeat mode
Vo 10 : Single sweep mode
COORCEEREE MD1 11 : Repeat sweep mode 0 or RW
- Repeat sweep mode 1
S P Trigger select bit 0 : Software trigger
v TRG 1 : ADTRG trigger RW
P A/D conversion start flag | 0 : A/D conversion disabled
H ADST 1 : A/D conversion started RwW
e CKSO | Frequency select bit 0 See Note 2 for the ADCON2 register RW

Note: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After reset
| | [ |o] | | | aDcont 03D716 0016

=T symbol Bit name Function RW
A/D sweep pin select bit Function varies with each operation mode
A A A RW
L] o
A RW
A A/D operation mode 0 : Any mode other than repeat sweep
R MD2 select bit 1 mode 1 RW
1: Repeat sweep mode 1
eememeeeend (b3) Reserved bit Must always be set to “0” RW
A ORnEnEe CKs1 Frequency select bit 1 See Note 2 for the ADCON2 register RW
_________________ VCUT Vref connect bit (Note 2) 0 Vref not connected RW
b 1 : Vref connected
. External op-amp Function varies with each operation mode
; OPAD connection mode bit RW
S SRLGRTCEETRETRRTRERE OPA1 RW

Note 1: If the ADCON1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting

A/D conversion.

Figure 12.2

ADCONO to ADCON1 Registers
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Note 1:

A/D control register 2 (Note 1)

The value, if read, turns out to be "0".

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

|><|><|><| | 0 | 1 | 0 | | ADCON2 03D416 0016
Vv v 0 b v 1| Bitsymbol Bit name Function RW
E E E E E E E :_ SMP A/D conversion method 0 : Without sample and hold RW
. select bit 1 : With sample and hold
E E E E E E (. (b_‘l) Reserved bit Must always be set to "0" RW
E E E ' E S (b2) Reserved bit Must always be set to "1" RW
Rt (03) Reserved bit Must always be set to "0" RW
E E E ! CKS2 Frequency select bit 2 0: Selects faD, fap divided by 2, or fab
e (Note 2) divided by 4. RW
oo 1: Selects fap divided by 3, fap divided
o by 6, or fap divided by 12.
:._ _ :_ _ _;_ ________________ (b7-b5) Nothing is assigned. In an attempt to write to these bits, write "0". _

CKS2 CKS1 CKSO0 OAD
0 0 0 Divide-by-4 of fap
0 0 1 Divide-by-2 of fAD
0 1 0 fap
0 1 1
1 0 0 Ddivide-by-12 of fap
1 0 1 Divide-by-6 of faD
1 1 0 Divide-by-3 of fap
1 1 1

b7

A/D registeri (i=0 to 7)

If the ADCON2 register is rewritten during A-D conversion, the conversion result will be indeterminate.

Note 2: Adjust the frequency of ¢AD to T0MHZ or less. GAD can be selected by combining CKSO bit of ADCONO register,
CKS1 bit of ADCON1 register and CKS2 bit of ADCON2 register.

Symbol Address After reset

ADO 03CO016 Indeterminate

AD1 03C216 Indeterminate

AD2 03C416 Indeterminate

AD3 03C616 Indeterminate

AD4 03C816 Indeterminate

AD5 03CA16 Indeterminate

AD6 03CC16 Indeterminate

b0 AD7 03CE16 Indeterminate
Function RW
A/D conversion result RO

Figure 12.3 ADCONZ2 Register, and ADO to AD7 Registers
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12.1 One-shot Mode

In this mode, the input voltage on one selected pin is A/D converted once. Table 12.2 shows the specifications of
one-shot mode. Figure 12.4 shows the ADCONO to ADCONI registers in one-shot mode.

Table 12.2 One-shot Mode Specifications

ltem Specification
Function The input voltage on one pin selected by the ADCONO register's CH2 to CHO
bits and the ADCONT1 register's OPA1 to OPAQO bits is A/D converted once.
A/D conversion start condition [+ When the ADCONO register's TRG bit is “0” (software trigger)
The ADCONO register's ADST bit is set to “1” (A/D conversion starts)
» When the TRG bit is “1” (ADTRG trigger)
Input on the ADTRG pin changes state from high to low after the ADST bit is
set to “1” (A/D conversion starts)
AID conversion stop condition |+ Completion of A/D conversion (If a software trigger is selected, the ADST bit
is cleared to “0” (A/D conversion halted).)
 Set the ADST bit to “0”
Interrupt request generation timing| Completion of A/D conversion
Analog input pin Select one pin from ANo to AN7, ANEXO0 to ANEX1
Reading of result of A/D converter [Read one of the ADO to AD7 registers that corresponds to the selected pin
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A/D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 b1 bo

A/D control register 1 (Note)

b7 b6 b5 b4 b3 b2 b1 bo

Symbol Address After reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function RW
. . b2 b1 b0
CHO Qirt‘alog input pin select | g . ANo s selected RW
00 1:AN1 is selected
0 10 :AN2is selected
CH1 011 :AN3is selected RW
100 :AN4is selected
10 1:ANs5is selected
CH2 110 :ANs is selected RW
111 :AN7 is selected (Note 2)
MDO A/D operation mode b4b3 RW
MDA select bit 0 0 0 : One-shot mode (Note 2) RW
Trigger select bit 0 : Software trigger
TRG 1 : ADTRG trigger RW
ADST A/D conversion start flag | 0 : A/D conversion disabled RW
1 : A/D conversion started
CKS0 Frequency select bit 0 See Note 2 for the ADCONZ2 register RW
Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using another instruction.
Symbol Address After reset
ADCON1 03D716 0016
Bit symbol Bit name Function RW
SCANO A/D sweep pin Invalid in one-shot mode RW
select bit
SCAN1 RW
MD2 A/D operation mode Set to “0” when one-shot mode is selected | RW
select bit 1
Reserved bit Must always be set to “0” RW
(b3)
CKs1 Frequency select bit1 See Note 2 for the ADCON2 register RW
VCUT Vref connect bit (Note 2) | 1 : Vref connected RW
External op-amp o758
OPAQ . . 00 : ANEX0 and ANEX1 are not used RW
connection mode bit 0 1 : ANEXO input is A/D converted
OPA1 1 0 : ANEX1 input is A/D converted RW

11 : External op-amp connection mode

Note 1: If the ADCON1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ys or more before starting

A/D conversion.

Figure 12.4

ADCONO Register and ADCON1 Register (One-shot Mode)
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12.2 Repeat mode

In this mode, the input voltage on one selected pin is A/D converted repeatedly. Table 12.3 shows the specifications
of repeat mode. Figure 12.5 shows the ADCONO to ADCONI registers in repeat mode.

Table 12.3 Repeat Mode Specifications

Item Specification
Function The input voltage on one pin selected by the ADCONO register's CH2 to CHO
bits and the ADCON1 register's OPA1 to OPAO bits is A/D converted
repeatedly.
A/D conversion start condition |+ When the ADCONO register's TRG bit is “0” (software trigger)
The ADCONO register's ADST bit is set to “1” (A/D conversion starts)
* When the TRG bit is “1” (ADTRG trigger)
Input on the ADTRG pin changes state from high to low after the ADST bit is
set to “1” (A/D conversion starts)
A/D conversion stop condition [Set the ADST bit to “0” (A/D conversion halted)
Interrupt request generation timing| None generated
Analog input pin Select one pin from ANo to AN7, ANEXO to ANEX1
Reading of result of A/D converter|Read one of the ADO to AD7 registers that corresponds to the selected pin
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A/D control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After reset

L . | . | 0 | ! | . | . | ADCONO 03D616 00000XXX2
oo b | Bt symbol Bit name Function RW
T T R - - 210
A CHo Q;Z'Cotgb'i?p“t pin 000 :ANo s selected RW
e 00 1:AN1is selected
T T B B R 010 :AN2is selected
L CH1 01 1:AN3is selected RW
[ 100 :AN4is selected
- 101 :ANs5is selected
Pl 0 Leeeaaa- CH2 110 :ANsis selected RW
i : : : : 111 :AN7 is selected (Note 2)
I MDO A/D operation mode b4 b3 RW
E E E ] MD1 select bit 0 01: Repeat mode (NOte 2) RW
R TRG Trigger select bit 0 : Software trigger
I - 1 : ADTRG trigger RW
o] ADST A/D conversion start flag [ 0 : A/D conversion disabled RW
i 1 : A/D conversion started
R e e P R CKS0 [ Frequency select bit 0 See Note 2 for the ADCON2 register RW

Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using another instruction.

A/D control register 1 (Note)

b7 b6 b5 b4 b3 b2 b1 bo

| | | y | | 0 | 0| | | Symbol Address After reset
Il Bl il B O ADCON1 03D716 0016
b4 b ] Bit symbol Bit name Function RW
v toro1 i1 1] SCANO |A/D sweep pin Invalid in repeat mode RW
[ select bit
A A R SCAN1 RW
A/D operation mode Set to “0” when this mode is selected
A MD2 select bit 1 RW
E . E E e (b3) Reserved bit Must always be set to “0” RW
R CKS1 | Frequency selectbit1 | See Note 2 for the ADCON2 register RW
B SREEEELEES VCUT | Vref connect bit (Note 2) |1 : Vref connected RW
R External op-amp b7 b6
[ OPAO .
: connection mode bit 00 : ANEX0 and ANEX1 are not used Rw
. 0 1 : ANEXO input is A/D converted
I OPA1 10 : ANEX1 input is A/D converted RW
11 : External op-amp connection mode

Note 1: If the ADCON1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ys or more before starting
A/D conversion.

Figure 12.5 ADCONO Register and ADCON1 Register (Repeat Mode)
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12.3 Single Sweep Mode

In this mode, the input voltages on selected pins are A/D converted, one pin at a time. Table 12.4 shows the
specifications of single sweep mode. Figure 12.6 shows the ADCONO to ADCONI1 registers in single sweep mode.

Table 12.4  Single Sweep Mode Specifications

ltem Specification
Function The input voltages on pins selected by the ADCON1 register's SCAN1 to
SCANQO bits are A/D converted, one pin at a time.
A/D conversion start condition |+ When the ADCONO register's TRG bit is “0” (software trigger)
The ADCONO register's ADST bit is set to “1” (A/D conversion starts)
» When the TRG bit is “1” (ADTRG trigger)
Input on the ADTRG pin changes state from high to low after the ADST bit is
set to “1” (A/D conversion starts)
A/D conversion stop condition [+ Completion of A/D conversion (If a software trigger is selected, the ADST bit
is cleared to “0” (A/D conversion halted).)
» Set the ADST bit to “0”
Interrupt request generation timing|Completion of A/D conversion
Analog input pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), ANo
to AN7 (8 pins)
Reading of result of A/ID converter [Read one of the ADO to AD7 registers that corresponds to the selected pin
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A/D control register 0 (Note)

b7 06 b5 b4 b3 b2 bl b0 Symbol Address After reset

| | | [1]o] | | | ADcono 03D616 00000XXX2
v+ ¢ 1| Bitsymbol Bit name Function RW
E . ' . . . . L CHO Analog input pin Invalid in single sweep mode RW
e select bit
AR e RW
A A CH2 RW
. .
AR MDO éé%gtp;:aélon mode 10 : Single sweep mode RW
[ RERLEEEE MD1 RW
L TRG Trigger select bit 0 : Software trigger RW
. 1 : ADTRG trigger
E , A/D conversion start flag | 0 : A/D conversion disabled
VT ADST 1 : A/D conversion started RW
e ] CKS0  |Frequency selectbit0 | See Note 2 for the ADCON2 register RW

Note: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 b1 bo

| | | 1 | | 0 | O| | | Symbol Address After reset
B A N N il A ADCON1 03D716 0016
=T symbol Bit name Function RwW
' ' ' ' ' ' ' ' SCANO A/D sweep pin select bit | When single sweep mode is selected RW
R R b150
R A 00 : ANo to AN1 (2 pins)
T 0 1:ANoto AN3 (4 pins)
A A SCAN1 10 : ANo to AN (6 pins) RW
A A 11 : ANo to AN7 (8 pins)
[ R A/D operation mode Set to “0” when single sweep mode is selected
R MD2 | select bit 1 9 RW
s (b3) Reserved bit Must always be set to “0” RwW
' ' ' boommnne e CK$S1 Frequency select bit 1 See Note 2 for the ADCON?2 register RW
e Rt VCUT Vref connect bit (Note 2) | 1 : Vref connected RW
. Ext | op- b7 b6
Vo TTTTTTTTTTTeTeT OPAD an?]ren;ioor?rﬁ?dpe 0 0 : ANEXO0 and ANEX1 are not used RW
H bit 0 1 : Must not be set
] OPA1 10 : Must not be set _ RW

1 1 : External op-amp connection mode

A/D conversion.

Note 1: If the ADCONT1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ps or more before starting

Figure 12.6

ADCONO Register and ADCON1 Register (Single Sweep Mode)
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12.4 Repeat Sweep Mode 0

In this mode, the input voltages on selected pins are A/D converted repeatedly. Table 12.5 shows the specifications
of repeat sweep mode 0. Figure 12.7 shows the ADCONO to ADCONI registers in repeat sweep mode 0.

Table 12.5 Repeat Sweep Mode 0 Specifications

Item Specification
Function The input voltages on pins selected by the ADCON1 register's SCAN1 to
SCANO bits are A/D converted repeatedly.
A/D conversion start condition |+ When the ADCONO register's TRG bit is “0” (software trigger)
The ADCONO register's ADST bit is set to “1” (A/D conversion starts)
« When the TRG bit is “1” (ADTRG trigger)
Input on the ADTRG pin changes state from high to low after the ADST bit is
set to “1” (A/D conversion starts)
AID conversion stop condition |Set the ADST bit to “0” (A/D conversion halted)
Interrupt request generation timing [None generated
Analog input pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), ANo
to AN7 (8 pins)
Reading of result of A/D converter [Read one of the ADO to AD7 registers that corresponds to the selected pin
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b7 b6 b5 b4 b3 b2 bl b0

A/D control register 0 (Note)

11 : External op-amp connection mode

Symbol Address After reset

L] [1]1] | [ | Abcono 03D616 00000XXX2
voron oo 4| Bitsymbol Bit name Function RW
L CHO Analog input pin Invalid in repeat sweep mode 0 RW
- select bit
b ] om RW
PP o v
R . e
ooy T MDO AIIID otpt(:,'lgaélon mode 11 : Repeat sweep mode 0 or RwW
R R S MD1 select bl Repeat sweep mode 1 RW
o TRG Trigger select bit 0 : Software trigger RW
. 1: ADTRG trigger
E ' A/D conversion start flag | O : A/D conversion disabled
Voo ADST 1: A/D conversion started RwW
] CKs0 Frequency select bit 0 See Note 2 for the ADCON2 register RW
Note: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D control register 1 (Note 1)

e B B B e i Symbol Address After reset

|||1||0|0||| ADCONT1 03D716 0016
Porob o Bt symbol Bit name Function RwW
A A/D sweep pin select bit | When repeat sweep mode 0 is selected
oo a0 a0 vl seano
A RW
e b100
T 00 :ANo, AN1 (2 pins)
T 0 1:ANo to AN3 (4 pins)
A SCAN1 10 ANo to AN (6 pins) RW
R T T 11 :ANo to AN7 (8 pins)
A S T SRR A/D operation mode Set to “0” when repeat sweep mode 0 is
oo MD2 select bit 1 selected RW
et (b3) Reserved bit Must always be set to “0” RwW
T CKS1 Frequency select bit 1 See Note 2 for the ADCON2 register RW
e EAGnRRECEEt VCUT Vref connect bit (Note 2) | 1 : Vref connected RW
' ' b7 b6
I EEECECEEEEEED OPAO EXtem""t'. op-amp 00 : ANEXO and ANEX1 are not used RW
, (t:)?(nnec lon mode 0 1 : Must not be set
: 1 0 : Must not be set
"""""""""""" OPA1 RW

A/D conversion.

Note 1: If the ADCONT1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ys or more before starting

Figure 12.7

ADCONO Register and ADCON1 Registers (Repeat Sweep Mode 0)
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12.5 Repeat Sweep Mode 1

In this mode, the input voltages on all pins are A/D converted repeatedly, with priority given to the selected pins.
Table 12.6 shows the specifications of repeat sweep mode 1. Figure 12.8 shows the ADCONO to ADCON1
registers in repeat sweep mode 1.

Table 12.6 Repeat Sweep Mode 1 Specifications

ltem Specification
Function The input voltages on all selected pins are A/D converted repeatedly,with prior-
ity given to pins selected by the ADCON1 register's SCAN1 to SCANO bits.
Example : If ANo selected, input voltages are A/D converted in order of
ANo — AN1— ANo— AN2— ANo— ANS3, and so on.
A/D conversion start condition |+ When the ADCONQO register's TRG bit is “0” (software trigger)
The ADCONO register's ADST bit is set to “1” (A/D conversion starts)
» When the TRG bit is “1” (ADTRG trigger)
Input on the ADTRG pin changes state from high to low after the ADST bit is
set to “1” (A/D conversion starts)
A/D conversion stop condition [Set the ADST bit to “0” (A/D conversion halted)
Interrupt request generation timing| None generated

Analog input pins to be given |Select from ANo (1 pins), ANo to AN1 (2 pins), ANo0 to AN2 (3 pins), ANo to AN3
priority when A/D converted (4 pins)

Reading of result of A/ID converter [Read one of the ADO to AD7 registers that corresponds to the selected pin
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A/D control register 0 (Note)

11 : External op-amp connection mode

D7 b6 b b4 b3 b2 BT b0 Symbol Address After reset

L] [1]1] ADCONO 03D616  00000XXX2
¢ | Bitsymbol Bit name Function RwW
E ' , ' ' ' ' L CHO Analog input pin Invalid in repeat sweep mode 1 RW
- select bit
EEEEEEES D RW
L ] ow v
Pl : e
A MDO ::\élli‘)e;p&:a&lon mode 11 : Repeat sweep mode 0 or Rw
E . . ] MDA Repeat sweep mode 1 RW
' L TRG Trigger select bit 0: Software_trigger RW
Vo 1 : ADTRG trigger
o A/D conversion start flag | 0 : A/D conversion disabled
N ADST 1 : A/D conversion started RW
R RCCEEEEEEEEEPEEEE CKS0 Frequency select bit 0 See Note 2 for the ADCON2 register RW
Note: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

9 9

A/D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 b1 bo

| | | 1 | | 0| y | | | Symbol Address After reset
B A N N S A ADCON1 03D716 0016
A T symbol Bit name Function RwW
oror bl goaNg | AVD sweep pin select bit | When repeat sweep mode 1 is selected RW
A b1 b0
T 00:ANo (1 pin)
R S 0 1:ANo, AN1 (2 pins)
A SCANT1 1.0 : ANo to AN2 (3 pins) RW
L 11 :ANo to AN3 (4 pins)
A T N A/D operation mode Set to “1” when repeat sweep mode 1 is
E . . . . MD2 select bit 1 selected RW
I I S RREREEEEE (b3) Reserved bit Must always be set to “0” RW
O CKS1 Frequency select bit 1 See Note 2 for the ADCON2 register RW
St CEEEEEt VCUT Vref connect bit (Note 2) | 1 : Vref connected RW
. Ext | oD- b7 b6
poTTTrroemmoerooees OPAD | =X ene b, 0 0 : ANEX0 and ANEX1 are not used RW
E bit 0 1 : Must not be set
LSRR OPA1 1 0 : Must not be set RW

Note 1: If the ADCON1 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Note 2: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ps or more before starting

A/D conversion.

Figure 12.8

ADCONO Register and ADCON1 Register (Repeat Sweep Mode 1)
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12.6 Sample and Hold

If the ADCON2 register’s SMP bit is set to “1” (with sample-and-hold), the conversion speed per pin is increased
to 28 GpAD cycles for 8-bit resolution. Sample-and-hold is effective in all operation modes.
Select whether or not to use the sample-and-hold function before starting A/D conversion.

12.7 Extended Analog Input Pins

In one-shot and repeat modes, the ANEX0 and ANEXI1 pins can be used as analog input pins. Use the ADCON1
register’s OPA1 to OPAO bits to select whether or not use ANEX0 and ANEX1.
The A/D conversion results of ANEX0 and ANEX1 inputs are stored in the ADO and AD1 registers, respectively.

12.8 External Operation Amp Connection Mode

Multiple analog inputs can be amplified using a single external op-amp via the ANXEO and ANEX1 pins.

Set the ADCONI register’s OPA1 OPAO bits to ‘112’ (external op-amp connection mode). The inputs from ANi (i
=0 to 7) are output from the ANEXO pin. Amplify this output with an external op-amp before sending it back to the
ANEXI pin. The A/D conversion result is stored in the corresponding ADi register. The A/D conversion speed
depends on the response characteristics of the external op-amp. Note that the ANXEO and ANEX1 pins cannot be
directly connected to each other. Figure 12.9 is an example of how to connect the pins in external operation amp.

Microcomputer

ANo
AN1
AN2
AN3
AN4
ANs
ANe
AN7

5o

| Resistor ladder I—

Successive conversion
register

iiillllz

ANEXO
C

| ANEX1

| Comparator
External op-
amp

Figure 12.9 External Op-amp Connection
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12.9 Current Consumption Reducing Function

When not using the A/D converter, its resistor ladder and reference voltage input pin (VREF) can be separated using
the ADCONTI register’s VCUT bit. When separated, no current will flow from the VREF pin into the resistor ladder,
helping to reduce the power consumption of the chip.

To use the A/D converter, set the VCUT bit to “1” (VREF connected) and then set the ADCONO register’s ADST bit
to “1” (A/D conversion start). The VCUT and ADST bits cannot be set to “1” at the same time.

Nor can the VCUT bit be set to “0” (VREF unconnected) during A/D conversion.

12.10 Analog Input Pin and External Sensor Equivalent Circuit Example

Figure 12.10 shows analog input pin and external sensor equivalent circuit example.

Microcomputer

Sensor equivalent
circuit |
Ro i R
WO/
VIN f T L
—1 ; c Sampling time
T Ve Sample-and-hold function enabled: Tgo
77 ‘ 2
i Sample-and-hold function disabled:w

Figure 12.10 Analog Input Pin and External Sensor Equivalent Circuit
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12.11 Caution of Using A/D Converter

(1) Make sure the port direction bits for those pins that are used as analog inputs are set to “0” (input mode).
Also, if the ADCONO register’s TGR bit = 1 (external trigger), make sure the port direction bit for the
ADTRG pin is set to “0” (input mode).

(2) To prevent noise-induced device malfunction or latchup, as well as to reduce conversion errors, insert
capacitors between the AVCC, VREF, and analog input pins (ANi (i=0 to 7)) each and the AVSS pin.
Similarly, insert a capacitor between the VCC pin and the VSS pin. Figure 12.11 is an example connection of
each pin.

(3) If the CPU reads the ADi register (i = 0 to 7) at the same time the conversion result is stored in the ADi
register after completion of A/D conversion, an incorrect value may be stored in the ADi register. This
problem occurs when a divide-by-n clock derived from the main clock or a subclock is selected for CPU
clock.

*When operating in one-shot or single-sweep mode
Check to see that A/D conversion is completed before reading the target ADi register. (Check the IR bit in
the ADIC register to see if A/D conversion is completed.)

*When operating in repeat mode or repeat sweep mode 0 or 1
Use the main clock for CPU clock directly without dividing it.

(4) If A/D conversion is forcibly terminated while in progress by setting the ADCONO register’s ADST bit to
“0” (A/D conversion halted), the conversion result of the A/D converter is indeterminate. The contents of
ADi registers irrelevant to A/D conversion may also become indeterminate. If while A/D conversion is
underway the ADST bit is cleared to “0” in a program, ignore the values of all ADi registers.

Microcomputer

<
[9)
O
N

Vcc2

| Vcc1 (16 pin) AV CC i

Vss

C2—

AVss T
C3 —.L

AN b—
Vss 777

Vcc2

| VcC2 (62 pin)
5

ey

ANi: ANi (i=0 to 7)
Note 1: C1>0.47uF, C2>0.47uF, C3 >100pF, C4 >0.1uF, C5>0.1uF (reference)
Note 2: Use thick and shortest possible wiring to connect capacitors.

Figure 12.11 Vcc, Vss, AVcc, AVss, VREF and ANi Connection
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13. CRC Calculation

The Cyclic Redundancy Check (CRC) operation detects an error in data blocks. The microcomputer uses a generator
polynomial of CRC_CCITT (X6 + X12 + X5 + 1) to generate CRC code.

The CRC code consists of 16 bits which are generated for each data block in given length, separated in 8 bit units.
After the initial value is set in the CRCD register, the CRC code is set in that register each time one byte of data is
written to the CRCIN register. CRC code generation for one-byte data is finished in two cycles.

Figure 13.1 shows the block diagram of the CRC circuit. Figure 13.2 shows the CRC-related registers.

Figure 13.3 shows the calculation example using the CRC operation.

q Data bus high-order q
q Data bus low-order S
Eight low-order bits Eight high-order bits

CRCD register

/]

CRC code generating circuit
X16+X12+X5+1

CRCIN register

]/\

(. J

Figure 13.1 CRC Circuit Block Diagram

CRC data register

©19) ve w0 Symbol Address After reset
CRCD 03BD16 to 03BC16  Indeterminate
Function Setting range | RW

*---1 When data is written to the CRCIN register after setting | 000016 to FFFF16 | R\
the initial value in the CRCD register, the CRC code can
be read out from the CRCD register.

CRC input register

b7 b0 Symbol Address After reset
CRCIN 03BE1e Indeterminate
Function Setting range | RW
ST Data input 0016 to FF16 | RW

Figure 13.2 CRCD Register and CRCIN Register
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Setup procedure and CRC operation when generating CRC code “80C416”

(a) CRC operation performed by the M16C

CRC code: Remainder of a division in which the value written to the CRCIN register with its bit positions reversed is
divided by the generator polynomial

Generator polynomial: X168 + X12 + X5 + 1 (1 0001 0000 0010 00012)

(b) Setting procedure

(1) Reverse the bit positions of the value “80C416” bytewise in a program.
“8016" — “0116”, “C416” — “2316”

b15 b0
(2) Write 000016 (initial value) — | CRCD register

b7 b0

(3) Write 0116 — I:I CRCIN register
U b0

Two cycles later, the CRC code for “801s,” i.e.,
9188186, has its bit positions reversed to become
“118916” which is stored in the CRCD register.

b15

118916 | CRCD register

Two cycles later, the CRC code for “80C41s,” i.e.,
825016, has its bit positions reversed to become
“0A4116” which is stored in the CRCD register.

b7 b0
(4) Write 2316 — I:I CRCIN register

b15

0A4116 | CRCD register

(c) Details of CRC operation

In the case of (3) above, the value written to the CRCIN register “0116 (000000012)” has its bit positions reversed to
become “100000002.” The value “1000 0000 0000 0000 0000 00002” derived from that by adding 16 digits and the
CRCD register’s initial value “000016” are added, the result of which is divided by the generator polynomial using
modulo-2 arithmetic.

Modulo-2 operation is
operation that complies
with the law given below.

1000 1000
10001 0000 0010 0001 [ 1000 0000 0000 0000 0000 0000 <~ Pata 0+0=0
A 1000 1000 0001 0000 1 0+1=1
Generator polynomial 1000 0001 0000 1000 O 1+0 f1
1000 1000 0001 0000 1 “_1 ;?

1001 0001 1000 1000

CRC code

The value “0001 0001 1000 10012 (118916)” derived from the remainder “1001 0001 1000 10002 (918816)” by
reversing its bit positions may be read from the CRCD register.

If operation (4) above is performed subsequently, the value written to the CRCIN register “2316 (001000112)” has its bit
positions reversed to become “110001002. The value “1100 0100 0000 0000 0000 00002” derived from that by adding
16 digits and the remainder in (3) “1001 0001 1000 10002” which is left in the CRCD register are added, the result of
which is divided by the generator polynomial using modulo-2 arithmetic.

The value “0000 1010 0100 00012 (0A4116)” derived from the remainder by reversing its bit positions may be read
from the CRCD register.

Figure 13.3 CRC Calculation

Rev.2.10  Oct25,2006 Page 1810f326 ZXENESANAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

14. Expansion Function

14.1 Expansion function description

Expansion function consists of CRC operation function, data slice function and humming decoder function. Each
function is controlled by expansion memories.

1. CRC operation function

It performs error detection of a code, and error correction.

2. Data slice function
It performs data acquisition to get such format data as below.
Hardware : TELETEXT, PDC, VPS, VBI and EPG-J
Software : WSS, CC, CC2X and ID-1

3. Humming decoder function

It performs 8/4 humming and 24/18 humming

BCLK 3 Clock
generator,
\ 4 \ 4
Vertical
Sync- Clock Clock
separate generator generator
circuit
Al vy |
Sync- A Port
SYNCIN O—>{separate »{ Timing > control
circuit generator circuit
’ R Y
Serial/pararell
CVIN O—> Data slicer circuit conversion
circuit
VAR
CRC Expansion 24/18 8/4 Slice |g y|Arbitration
register register humming humming RAM circuit
Data bus (16bit)
CPU block

Figure 14.1 Block diagram of expansion function
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14.2 Expansion memory

Expansion function memory is divided by 3 patterns ; Slice RAM, CRC registers and expansion registers
(Humming decoder operates by the register placed on SFR). Data writing and read out to the Slice RAM, CRC
registers and the expansion registers are carried out per 16 bit unit by the data setting register (addresses 020E16,
021016, 021216, 021416, 021616 and 021816) placed on SFR.

Contents of each memory and data setting register are shown in Table 14.1.

Table 14.1 Expansion memory composition

Expansion memory Contents Data setting register
Slice RAM This register holds acquired data. Slice RAM address control register (020E16)
Slice RAM data control register (021016)
CRC register This register controls a set up generation CRC register address control register (021216)
polynomial and code data. CRC register data control register (021416)
Expansion register This register performs data slicer control and Expansion register address control register (021616)
VBI encoder control. Expansion register data control register (021816)
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14.3 Slice RAM

Slice RAM stores 18-line slice data. There are several types of Slice data : PDC, VPS, VBI, XDS, WSS, etc. All
data are stored to addresses which corresponds to slice line (ex. 22 line' data is stored to addresses 20016 to 21716 ).
24 addresses (SR00x to SR17x) are prepared for 1 line, slice data is stored in order from LSB side. Then, slice data
type and field information are stored to the top address of each line.

Slice RAM composition is shown in Table 14.2.

Table 14.2  Slice RAM composition

(ano o gy e |sD15 | sD14 | SD13| SD12|SD11|SD10| SD9 | D8 | SD7 | SD6 | SD5 | SD4 | SD3 | D2 | SD1 [ DO [ REMarks (Note1)
00016 [SROOF | SROOE [SROOD|SR00C|SR00B [SRO0A | SR009 | SR008 | SR007 | SR006 | SR005 | SR004 | SR003 | SR002 [ SR001 [ SR000 | 6th line or 318th line
00116 SRO1F | SRO1E [SRO1D|SR01C|[SR01B|SR01A|SR019|SR018 | SR017 | SR016 | SR015 [SR014 | SR013 | SR012 |SR011 |SR010 | slice data
to to to to to to to to to to to to to to to to to

01616 SR16F | SR16E |SR16D|SR16C|SR16B|SR16A|SR169|SR168 |SR167 | SR166 | SR165|SR164 |SR163 |SR162 |SR161 | SR160

01716 SR17F |SR17E|SR17D|SR17C|SR17B|SR17A|SR179|SR178 |SR177 |SR176 |SR175|SR174 | SR173|SR172 |SR171 | SR170

01816
to Unused area

01F16

02016 SROOF | SROOE|SR00D |SROOC|SR00B |SRO0A [SR009 [SR008 [SR007 [SR006 [SR005 [SR004 | SR003| SR002| SR001| SR000| 7th line or 319th line
to to to to to to to to to to to to to to to to to |slice data

03716 SR17F| SR17E|SR17D|SR17C|SR17B|SR17A|SR179 |SR178 |[SR177 |SR176 [SR175 [SR174 [ SR173| SR172]| SR171| SR170

04016 8th line to 21th line
to H or 320th line to 333 line

1F716 slice data

20016 SROOF | SROOE|SR00D|SRO0C|SR00B |SRO0A [SR009 [SR008 [SR007 [SR006 [SR005 [SR004 | SR003| SR002| SR001| SR000|22th line or 334th line
to to to to to to to to to to to to to to to to to |slice data

21716 SR17F| SR17E|SR17D|SR17C|SR17B|SR17A[SR179 |SR178 [SR177 [SR176 [SR175 [SR174 | SR173| SR172| SR171| SR170

22016 SROOF | SROOE[SR00D |SROOC|SR00B |SR0O0A [SR009 |SR008 |[SR007 |[SR006 [SR005 |[SR004 | SR003 | SR002| SR001| SR000|23th line or 335th line
to to to to to to to to to to to to to to to to to |[slice data

23716 SR17F| SR17E[SR17D|SR17C|SR17B |SR17A|SR179 |SR178 |SR177 |SR176 [SR175 |[SR174 | SR173| SR172| SR171| SR170

Note 1. This is the line to support when the PAL video signal is sliced and setting the expansion registers to VPS_VP8 to VPS_VPO0
(bits 8 to 0 in address 2916) = "416".

For accessing to Slice RAM data, set accessing address (SA9 to SA0) (shown in Table 14.2) to Slice RAM address
control register (address 020E16 ). Then read out data from Slice RAM data control register (address 021016 ).
When end the data reading, Slice RAM address control register increments address automatically. Then, next
address data reading is possible. Do not access to unused area of each character codes. Must set address to each line
because unused area has no address' automatically increment.

Slice RAM bit composition is shown in Figure 14.2, Slice RAM access registers are shown in Figure14.3 and Slice
RAM access block diagram is shown in Figure 14.4
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Slice RAM bit composition

The each head address of the address is corresponded to slice line following slice information.

SROOF to SR004| SR003 SR002 SR001 SR000
Line register 3 0 field* 0 1 1 * field
Line register 2 0 field* 0 1 0 * the first field : 1
Line register 1 0 field* 0 0 1 the second field : 0
Other 0 field* 0 0 0
(1) PDC
In case of the PDC data, 16 bits (2 data) are stored for the 1 address from the LSB side.
Clock run-in
+flaming code ‘Datat /Data3 ' Data5 - \ | ‘Datad0: ‘Datad2
[ 'Data2 ! ' Data4 ! ' Data6 ! 'Data39! 'Data41! !
‘ ‘ ‘ ‘ ‘ Dy ‘ ‘ ‘ ‘
I il | m
L ML M
S S|s S
B B|B B
L LU il
SR020-—SRO2F SR040~ SR0O4F  SR150 " SR15F
SR030- SRO3F SR160- SR16F

Note. The expansion register is the slice data storing pattern when setting the START
(bit 1 in address 2816 bit) to "1". SR17x is the unused area.

(2) VPS
In case of the VPS data or the VBI data, 8 bits (a data) are stored for an address from the LSB side.
Low-order 8 bits hold the slice data. And, high-order 8 bits hold warning bit, when the send data is not recognized
as bi-phase type.
The case of bi-phase data ="1,0" or "0,1" (the bi-phase type) becomes "0" for this warning bit, and it becomes "1"
in bi-phase data="0,0" or "1,1" (it is not the bi-phase type).
(For example, bi-phase data of SR011 is "0,0" or "1,1", "1" is set to SR019.)

Clock run-in
+ flaming code
~— | Datal | Data2 | Data3 | Data4 ! W | Data11 | Data12 | Data13 |
T T
L ML M
S s|s s
LTI
| | | | R | | |
SR020-- SR027 SR040— SR047 SROCO--SR0C7 SROEO-- SROE7
SR030+- SR037 SR050 SR057 SROD0--- SROD7

Note. The expansion register is the slice data storing pattern when setting the START
(bit 1 in address 2816 bit) to "1". From SROFx to SR17x are the unused area.

(3) EPG-J
Clock run-in
+flamingcode | patat | Data3 | Data5 | |  Data32 Data34
P ! Data2 ! ! Datad ! ! Data6 | ! Datad1 | ! Datad3 !
c ML M
s sls s
B BB B
Ll i Ll
I SN
SR020-~SRO2F SR040 -~ SRO4F  SR110---~SR11F
SR030- SRO3F SR120 SR12F

Note. The expansion register is the slice data storing pattern when setting the START
(bit 1 in address 2816 bit) to "1". From SR13x to SR17x are the unused area.

Figure 14.2  Slice RAM bit composition
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Slice RAM address control register

b1 b9 b8 b7 b0 Symbol When reset
OB A
Function Setting possible value |R W

00016 to 23716 X0

Nothing is assigned.
When write, set to “0.”
When read, its content is indeterminate.

.| Specify accessing Slice RAM address

Note 1 : When access to Slice RAM, Slice RAM address control register (020E16) should be

set at first.

Slice RAM address control register increments by accessing Slice RAM
data control register. So, it is not neccesary to setting the next Slice RAM address.
Note 2 : When read Slice RAM data by software during slicer operation, access to Slice RAM
after 1 horizontal synchronous period from the completion of a SLICEON
(refer to 14.6 Expansion Register Construction Composition for a SLICEON

period).

Slice RAM data control register

b15 b9 b8 b7 b0
| | Symbol When reset
: SD 000016
Function RWwW
E,_ | Read out the data of Slice RAM. f
Read out data of Slice RAM which is specified by Slice RAM address control register o X
(address 020E16) by reading this register. 1
Note : Data access must be 16-bit unit. 8-bit unit access is disable.
Figure 14.3 Slice RAM access registers.
q Data bus (16-bit) S
address 020E16 Slice RAM address control register Slice RAM data control
( ) (10) (SA9 to SAQ) register (16) (SD15 to 5po) | (2ddress 021016)
Increment automaﬁcally
after data access
Slice RAM
Figure 14.4  Slice RAM access block diagram
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14.4 CRC Operation Circuit (EPG-J)

CRC operation circuit (EPG-J) is a circuit for performing error detection and error correction by the 272-190
shortening difference set cyclic code which is a coding system in a data multiplex broadcast.

CRC register consists of registers shown in Figure 14.5. CRC register can perform error detection and error
correction by majority logic by setting up a generator polynomial, code data, etc. CRC register composition is
shown in Table 14.3.

Table 14.3  CRC register composition

Nothing is assigned. i
When write, set to "0." When read, its content is determinate. I

CA3 to CAD. CD15 CD14 CD13 CD12 CD11 CD10 CD9 CD8 CD7 CD6 CD5 CD4 CD3 CD2 CD1 CDO Remarks
0016 DAOUT15 DAOUT14 DAOUT13 DAOUT12 DAOUT11 DAOUT10 DAOUTY DAOUT8 DAOUT7 DAOUT6 DAOUTS DAOUT4 DAOUT3 DAOUT2 DAOUT1 DAOUTO
0116 _ _ _ _ _ CRC_ERR10| CRC_ERR09|CRC_ERRO08 | CRC_ERR07| CRC_ERRO06 | CRC_ERR05| CRC_ERR04 | CRC_ERRO03 | CRC_ERR02| CRC_ERR01| CRC_ERR00
0216 CRC_66 CRC_67 CRC_68 CRC_69 CRC_70 CRC_71 CRC_72 CRC_73 CRC_74 CRC_75 CRC_76 CRC_77 CRC_78 CRC_79 CRC_80 CRC_81
0316 CRC_50 CRC_51 CRC_52 CRC_53 CRC_54 CRC_55 CRC_56 CRC_57 CRC_58 CRC_59 CRC_60 CRC_61 CRC_62 CRC_63 CRC_64 CRC_65
0416 CRC_34 CRC_35 CRC_36 CRC_37 CRC_38 CRC_39 CRC_40 CRC_41 CRC_42 CRC_43 CRC_44 CRC_45 CRC_46 CRC_47 CRC_48 CRC_49
0516 CRC_18 CRC_19 CRC_20 CRC_21 CRC_22 CRC_23 CRC_24 CRC_25 CRC_26 CRC_27 CRC_28 CRC_29 CRC_30 CRC_31 CRC_32 CRC_33
0616 CRC_02 CRC_03 CRC_04 CRC_05 CRC_06 CRC_07 CRC_08 CRC_09 CRC_10 CRC_11 CRC_12 CRC_13 CRC_14 CRC_15 CRC_16 CRC_17
0716 _ _ _ _ _ _ _ _ _ _ _ _ _ _ CRC_00 CRC_01
0816 | REG_C81 REG_C80 G_C79 | REG_C78 G_C77 EG_C76 | REG_C75 | REG C74 | REG C73 | REG C72 | REG C71 | REG_C70 | REG C69 | REG_C68 | REG_C67 | REG_C66
0916 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0A16 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0B16 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0C16 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0D16 _ _ _ _ _ _ _ _ _ _ _ CRC16SEL _ _ _ _

CRC register address control register
b15 b14 b13 b8 b7 b5 b4 b3 b0
| Symbol address at Reset
. CA 021216 000016
H
: -
: -
' Function The value which R'WI
: can be set up |
:
' . . . U
' Specify accessing CRC register address. 0016to 0D16 [O:O|
1 :
' CRC register address automatic increment. :O
H " _ |
; 0: enable / 1 : disable (Notes 2) X
1
1
1
1
1
1
1
1
1
H

CRCLOOP 0to5 | The number of times of a CRC '

T operation repetition. 0016 to 3F1s (OO

________________________________ CRCCHANGE Error detection / error correction !

Selection setting - OO0
0:error detection mode / 1: Error correction mode .
---------------------------------- CRCON CRC operation - O}O

0: Stop/1 : Operation (Note 3)

Notes 1: When access to CRC register, must be set CRC register address at first, then use
CRC register data control register (021416).

Notes 2: When bit 4 = "0" setting, CRC register data control register increments by accessing
CRC register data control register, so it is not necessary to setting the next CRC
register address. When bit 4 = "1" setting, the address is fixed.

Notes 3: When bit 15 = "0" setting, the value of a CRC data register
(address (CA3 to CAQ) =01 to 07) is cleared.

CRC register data control register

can be set up

m s o Symbol address at Reset
CD 021416 000016
E Function The value which RW

Write and read out the data of CRC register which is
specified by CRC register address control register 000016 to FFFF16 [O/O
(address 021216)

Note: Data access must be 16-bit unit. 8-bit unit access is disable.

Figure 14.5 Composition of CRC register access related register
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For accessing to CRC register data, set accessing address (CA3 to CAO) (shown in Table 14.3) to CRC register
address control register (address 021216). Then write data (CD15 to CD0) by CRC register data control register
(address 021416). When end the data accessing, CRC register address control register increments address
automatically. Then, next address data writing is possible.

CRC register access registers are shown in Figure 14.5, CRC register access block diagram is shown in Figure 14.6.
The operation example of CRC operation circuit is shown in Figure 14.7. The example of program is shown in
Figure 14.8, and CRC register bit compositions are shown in p191 to p199.

q - Data bus (16-bit) - S
(address 021216) CRC register address control register (4) CRC register data control register (16) | (address 021416)
(CA13 to CA8) (CA4) (CA3 to CA0) (CD15 to CDO)
\
\ A Increment automatically

after data access

\
\ Code data Generator polynomial register
\ shift register
\
Shift counter ! Shift control circuit > 82 bit CRC operation circuit
Error;%rgiction > remainder polynomial register

Error judging

R CRC error detection register
circuit

(Majority circuit)

Figure 14.6  Access block diagram for CRC registers
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b81 b0

(1)ResgtofCRC . 0000000 -+ 00000000| CRCregister CRC_8110 00
remainder bit [address 0216 to 0716]

CRC remainder bit is automatically reset by CRCON=0 (address control register for CRC registers).

b15 b0

(2) Setting 0016 — I:I CRC register DAOUT
[address 0016]
U After CRC operation end

b81 b0

CRC register CRC_81to 00
y [address 0216 to 0716]

*— The CRC code is stored

The data set as the DAOUT register is shifted from the low rank side of CRC remainder bit one by one (b0).

MOJURO-2 operation is
operation that complies
with the law given below.

0+0=0
0+1=1
1+0=1
1+1=0

=1

1000 01

1000011 0000 -+- 0001 0001 | )OO0 0000 0000 0001 0000 0000 - - - 0000 0000 0000 « - - 0000 0000
1.0000 1100 - - - 0010 001

b0
p82 b3t 1100 - -- 0010 0010 0000
1000 --- 0001 0001
b81 b0

Generator polynomial shown in below is used in this circuit :

X82 + X77 + X76 + X71 + X67 + X66 + X52 + x48 + x40 + X36 + X34 + X24 + x22 + X18 + X10 + x4 + 1

Figure 14.7 Example of operation of CRC operation circuit
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H Equations (Constant defi

_CRC_ADRS .equ 00212h ; SFR address of CRC register address control register

_CRC_DATA .equ 00214h ; SFR address of CRC register data control register
SLICE_WORD_NUM .equ 17 ; Code data length (in nuits of word)

; Macro definition

.endm

H CRC operation routine

jeem- Setting of generator polynomial

mov.w #0008H ,_CRC_ADRS ; Set the head address of the generator polynomial register
_wait ; Wait
mov.w 0000110000100011B ,_CRC_DATA ; Coefficient of generator polynomial 82nd to 66th ( xA77 +x~76 +X"71 +X"67 +x"66)

[— Writing of code data

mov.w #0000H ,_CRC_ADRS ; Initialization of CRC register address control register
mov.w #9010H ,_CRC_ADRS ; Set up of CRCON=1, CRCCHANGE=0, CRCLOOP=10H, Increment=ON, and CRC address=00H.
mov.w #0000H , A0 ; Initialization of a loop variable (A0)
L18: ; Branch label
cmp.w #SLICE_WORD_NUM*2 . A0 ; Comparison of the loop variable
jgeu L20 ; Go to L20 if writing code data is finished.
Ide.w _CrcCodeData[A0] ,_CRC_DATA ; Writing code data to the code data shift register.
add.w #0002H A0 ; Increment of the address storing code data.
jmp L18 ; Return to the head of this loop.
; Branch label
Dummy shift

; After finishing writing 272-bit code data,
; shift a bit for dummy surely in error correction mode.
; Specifying 1-bit is set up by CRCLOOP=01H.

mov.w #8100H ,_CRC_ADRS ; Set up of CRCON=1, CRCCHANGE=0, CRCLOOP=10H, Increment=OFF, and CRC address=00H.
_wait ; Wait
mov.w #0000H ,_CRC_DATA ; Writing data to the code data shift register for dummy shift.

;=== Error detection
; Since the address automatic increment in dummy shift (Increment=OFF), set CRC address=01H here.
; When accessing other CRC registers, the processing shown in the following two lines is necessary.

H mov.w #9001H ,_CRC_ADRS ; Set up of CRCON=1, CRCCHANGE=0, CRCLOOP=10H, Incremet=OFF and CRC address=01H.
_wait ; Wait
mov.w _CRC_DATA ,RO ; Read of CRC error detection register.
cmp.w #0000H . RO ; Judgement of CRC error.
jeq L16 ; In the case of R0=0, branch to L16 since CRC error has not occurred (CRC error correction is skipped).

---- Error correction

mov.w #0D0O10H ,_CRC_ADRS ; Set up of CRCON=1, CRCCHANGE=1, CRCLOOP=10H, Increment=ON and CRC address=00H.
_wait ; Wait
mov.w #0000H . A0 ; Initialization of a loop variable (A0)
L22: ; Branch label
cmp.w #SLICE_WORD_NUB . A0 ; Comparison of the loop variable
igeu L24 ; Go to L24 if correction of error data is finished.
Ide.w _CrcCodeData[A0] ,_CRC_DATA ; Writing code data to the code data shift register.
jsr _waitlong ; Wait for finish of error correction.
mov.w _CRC_DATA , _CrcCodeData[A0] ; Read of error correction data in the address storing code data.
add.w #0002H , A0 ; Increment of the address storing code data.
jmp L22 ; Return to the head of this loop.
L24: ; Branch label

e The check of error correction dat:

mov.w #38111H ,_CRC_ADRS ; Set up of CRCON=1, CRCCHANGE=0, CRCLOOP=10H, Increment=ON and CRC address=00H
_wait ; Wait
mov.w _CRC_DATA ,RO ; Error check after error correction. R0O=000H if correction is performed.

.align
.glb _waitlong

_waitlong: ; Function label
rts

Figure 14.8 Example of program
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1.Bit composition of a CRC register

1. Address 0016 (=CA3 to 0)

CD8CD7

CDO

Bit symbol Bit name Function RIW
The code data shift register | \When write, data is written to "code .

DAOUTO write-in bit O data shift register" (Note). O:O

DAOUT{ | Thecode data shiftregister | when read, data differs betweenin  |O!O
write-in bit 1 error detection mode and in error :
it reai correction mode. '

DAOUT?2 Th_e c_ode_ data shift register 00
write-in bit 2 « In error detection mode :
. . (CRCCHANGE=0)

DAOUT3 vTv?se?;dsitdgta shift register 000016 is read after shift end. o0
When read during shift operation, its H

BAOUTA Thg c_ode' data shift register content is indeterminate. OEO
write-in bit 4 . !
* In error correction mode :
The code data shift register (CRCCHANGE=1) H

DAOUTS write-in bit 5 Corrected data is read after the O:O
original data is written in and some '

DAOUTE Thg c_ode' data shift register interval of data shift. 0.0
write-in bit 6 :

DAOUT? Th_e c_ode_ data shift register OEO
write-in bit 7 !
The code data shift register .

DAOUTS write-in bit 8 OEO
The code data shift register :

DAOUT? write-in bit 9 O:O
The code data shift register :

DAOUTIO0 | ite-in bit 10 ©0
The code data shift register E

el write-in bit 11 O:O
The code data shift register :

DAOUTT2 | \yrite-in bit 12 0
The code data shift register :

DAOUTIS | \yrite-in bit 13 S
The code data shift register I

DAOUT14 | \yrite-in bit 14 ©o
The code data shift register '

DAOUTIS | \yrite-in bit 15 010

Note: Refer to Figure 14.16 Access block diagram for CRC registers.

Rev.2.10  Oct 25, 2006
REJ03B0152-0210

Page 191 of 326

RENESAS



M306H7MG-XXXFP/MC-XXXFP/FGFP

14. EXPANSION FUNCTION

2. Address 0116 (=CA3 to 0)

CD8CD7

CDO
Bit symbol Bit name Function R W
onc s | Tcremere e[ Logen ot e manervel o
o e | JE ot roosere | bemon e G i o
orc_ s T cromososoens | Lo OR f e R e s o
ORG._ERRo3 | The ORG bit 57 10 50 eror Igggtioczloo(gdzfr g;i g;g) remainder bits O %
crc e | TR sioszemr | LogealORt e GRC emarar s o
o s | Tecreatatossens | el e S 01
cre_gnos | TreCROptmozeror | Logios ORof e GG remainder s 5
cro_ERro7 | TheCROBIZs I tBemor | oge R e ey e P |0l
crc s | ThoCRObI 170 t0aror | Logiel OR o e CRC remaincer bis
CRGC_ERRog | 1he CRC D08 1002 error 091002 (acress 06re) O X
ore_ermo | T CRONIOTI000emor | o O o e P O
Nothing is gssigned. ] X : X
The value is "0" when it reads. :
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3. Address 0216 (=CA3 to 0)

CD15 CD8CD7 CDO

Bit symbol Bit name Function RiwW

CRC_81 81th remainder polynomial The coefficient of each degree of a O'x
coefficient bit remainder polynomial is set up. :
- - Itis shown in below when a remainder .

CRC 8o | 80thremainder polynomial polynomial is made into CRC_MOD. [Q!x
- coefficient bit :
81 n *

CRC_79 | 79th remainder polynomial CRC_MOD = £CRC_n « X O'x
coefficient bit :

CRC_78 78th 'relmaaner polynomial Olx
coefficient bit '

CRC_77 77th .relmainQer polynomial OE X
coefficient bit '

CRC_76 76th .relmain.der polynomial O %
coefficient bit :

CRC_75 75th .retmain.der polynomial Oix
coefficient bit !

CRC_74 74th _remalnfier polynomial Oix
coefficient bit !

CRC 73 73th 'relmalnfier polynomial Oi %
coefficient bit '

CRC_72 72th .relmainfier polynomial O: %
coefficient bit H
71th remainder polynomial :

CRC_T1 coefficient bit O; X
70th remainder polynomial E

CRC_70 coefficient bit O X

CRC_69 69th _relmalnFier polynomial OE %
coefficient bit H

CRC_68 68th rgmalnFier polynomial oO'x
coefficient bit !
67th remainder polynomial '

Al coefficient bit Oi X
66th remainder polynomial

CRC_66 coefficient bit O: X
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4. Address 0316 (=CA3 to 0)

CD15 CD8CD7 CDO
Bit symbol Bit name Function RiwW
65th remainder polynomial Refer to CRC_81 to 66 .

R — \
CRC_85 coefficient bit (address 0216). o: X
CRC_64 64th .retmain.der polynomial OE %

coefficient bit :
CRC_63 63th _re:mainFier polynomial Oi %
coefficient bit :
CRC_62 62th _relmainFier polynomial OE %
coefficient bit H
CRC_61 61th .relmainQer polynomial OE %
coefficient bit '
CRC_60 60th .relmain.der polynomial O %
coefficient bit :
CRC_59 59th _relmalnFier polynomial O'x
coefficient bit !
CRC_58 58th _remalnfier polynomial Oix
coefficient bit !
CRC_57 57th 'relmalnfier polynomial Oi x
coefficient bit '
CRC_56 56th .relmainfier polynomial O: %
coefficient bit H
55th remainder polynomial :
CRC_%5 coefficient bit O; X
54th remainder polynomial E
CRC_54 coefficient bit O X
CRC_53 53th _relmalnFier polynomial OE %
coefficient bit H
CRC 52 52th rgmalnFier polynomial O'X
coefficient bit !
51th remainder polynomial '
CRCST coefficient bit Oi X
50th remainder polynomial
CRC_50 coefficient bit O: X
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5. Address 0416 (=CA3 to 0)

CD15 CD8CD7 CDO

Bit symbol Bit name Function RiwW
49th remainder polynomial Refer to CRC_81 to 66 .
RC_4 - \

CRC_49 coefficient bit (address 0216). o: X

CRC_48 48th .retmain.der polynomial OE X
coefficient bit :

CRC_47 47th .re:mainqer polynomial Oi %
coefficient bit :

CRC_46 46th 'relmaaner polynomial Oix
coefficient bit !

CRC_45 45th .relmainQer polynomial OE %
coefficient bit '

CRC_ 44 44th .relmain.der polynomial O X
coefficient bit :

CRC_43 43th .retmain.der polynomial Oix
coefficient bit :

CRC_42 42th _remalnfier polynomial Oix
coefficient bit !

CRC_41 41th 'relmalnfier polynomial Oi %
coefficient bit '

CRC_40 40th .relmainfier polynomial O: %
coefficient bit H
39th remainder polynomial :

CRC_39 coefficient bit O: X
38th remainder polynomial E

CRC_38 coefficient bit O X

CRC_37 37th _relmalnFier polynomial OE %
coefficient bit H

CRC_36 36th rgmalnFier polynomial Oix
coefficient bit !
35th remainder polynomial '

ERESS coefficient bit Oi X
34th remainder polynomial

CRC_34 coefficient bit O: X
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6. Address 0516 (=CA3 to 0)

CD15 CD8CD7 CDO
Bit symbol Bit name Function RiwW
33th remainder polynomial Refer to CRC_81 to 66 .

R — \
CRC_33 coefficient bit (address 0216). o:><
CRC_32 32th .retmain.der polynomial OE %

coefficient bit :
CRC_31 31th .re:mainqer polynomial OE %
coefficient bit :
CRC_30 30th 'relmaaner polynomial Olx
coefficient bit !
CRC_29 29th .relmainQer polynomial OE X
coefficient bit '
CRC_28 28th .relmain.der polynomial O %
coefficient bit :
CRC_27 27th .retmain.der polynomial Oix
coefficient bit !
CRC_26 26th _remalnfier polynomial Oix
coefficient bit !
CRC 25 25th 'relmalnfier polynomial Oi %
coefficient bit '
CRC_24 24th .relmainfier polynomial O: %
coefficient bit H
23th remainder polynomial :
CRC_23 coefficient bit O; X
22th remainder polynomial E
CRC_22 coefficient bit O X
CRC_21 21th _relmalnFier polynomial OE %
coefficient bit H
CRC_20 20th rgmalnFier polynomial oO'x
coefficient bit !
19th remainder polynomial '
ERCSIS coefficient bit Oi X
18th remainder polynomial
CRC_18 coefficient bit O: X
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CA3 to 0)

7. Address 0616 (

CD8CD7 CDO

CD15

2 X X X X X X X X X X X X X X X X
«c | O J]O[O]JO]J]O|JO]JO]JO]JO]J]O]J]O]O]O]lO]l]0O0]O
c
o ©
2 ©
c m
=)
[l I
_\ll
e
%
S0
)
(O}
9
o O
xS
) ] ] K] 8 © ) ] K] 8 8 ] ] K] s 2
€ 1 IS € € € 1 IS IS € € IS IS € € m
o o o o o o o o o o o o o o o c
f= f= c = = f= f= = c = = c c = c =,
= = = = = = = = = = = = = = > =
() [e] o o [ o o [e] [ [ [] o o o o [o] mvu.
m Q. Q. Q Q. Q. Q. Q. Q. Q. Q. Q. Q Q Q. [oR
G| = r - . . . - . . . o - . . = 5
c [} () [0} [0} [0} [0} [} [0} [0} D Q [ () () [} Bl
Z|ES|co|lcS|lcS|cS|cS|cS8|eS|lc8fc8|lcS|cS|cS|cS(cS5|£ES
CSEC|SE| CE|SE|SE| SE| S| S| T E| S| SE|CTE|TE| SE| 8E c
EG|to|lto|Es|Ec|Eg|Eg|Egs|Egs|Eg|ET|ES|ES|ES|ES|FS
Pol|2e|te|te|te| e e el ezt 2e 2
c < < e c L c ey ey ey ey < ey ey el
-
S3| 383|588 |58|88|28(838|38[38|=S8|c8|cd8| F8|ad8|&88
~— O ~— O ~— O ~— O ~— O ~— O ~— O ~— O o o o o o o o o o O o o o o o o
8l ~ © ) < © [ - o [ © ~ © 0 < ™ N
gl T N i N N N N R S S S < S S | S
2 © &) O O O &) &) Q O O O &) Q O &) O
ol x 4 X x X X x X x X X x X X x X
5l © o o o (&) o o (&) o o o o (&) o o o

CA3 to 0)

8. Address 0716 (

CD8CD7 CDO

CD15

Function

Refer to CRC_81 to 66

(address 0216).

Bit name
01st remainder polynomial

coefficient bit
00th remainder polynomial

coefficient bit

Nothing is assigned.

Bit symbol
CRC_01
CRC_00

The value is "0" when it reads.
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9. Address 0816 (=CA3 to 0)

CD8CD7 CDO

10. Address 0916 (=CA3 to 0)

CD8CD7 CDO

Bit symbol Bit name Function R EW
Coefficient bit of the 66/0th :

REG_CO generation polynomials The coefficient of each degree OEO
— - of the generation polynomial T

REG C1 Coefficient bit of the 67/1th is set. o0
- generation polynomials
Th fficient fi 81 to the 66th I

REG G | Coefficent bit of the 68/2th e o Tor 89 bit ORC mode 00
- generation polynomials
=™ ; The 15th in case of 16 bit CRC j
Coefficient bit of the 69/3th 0 :

REG_C3 generation polynomials mode. The Oth coefficients are set. O:O
Cosfficient bit of the 70/4th i

REG_C4 generation polynomials \t/)thrégerée};ation polynomial to OEO

e _GF,

Coefficient bit of the 71/5th :

REG_CS generation polynomials CRC_GP = X% OEO
L . 15 n+66 '

REG_C6 Coefflmgnt bit of the 72/6th nEOREG—Cn - X 00
generation polynomials :
56, 52 48 40 :
i i + X+ XT+X T+ X '

REG_C7 Coefﬂmgnt bit of the_ 73/7th 00
generation polynomials £33 4 x4 x4 4 X2 :

REG s | Coefficient bit of the 74/8th VIRV oo
- generation polynomials !

REG Co | Coefficient bit of the 75/9th (For 82 bit CRC mode) 00
- generation polynomials 5
16 n '
ici i CRC_GP =X "+XRE6_Cn-X !

REG_C10 Coeﬁlcpnt bit of thel 76/10th _ Ly EO_ 00
generation polynomials (For 16 bit CRC mode) '

or i mode

Coefficient bit of the 77/11th :

REG_C11 generation polynomials OEO
Coefficient bit of the 78/12th :

REG_C12 generation polynomials O:O
Coefficient bit of the 79/13th i

REG_C13 generation polynomials OEO
Coefficient bit of the 80/14th :

REG_C14 generation polynomials OEO
Coefficient bit of the 81/15th :

REG_C15 generation polynomials O:O

Bit symbol Bit name Function RiW

Nothing is assigned. x x
The value is unfixed when it reads. '
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11. Address 0A16 (=CA3 to 0)
cD15 CD8CD7 CDO
DDDDDDDLLDDLDDLPDN

Bit symbol Bit name Function Riw

Nothing is assigned.

------------------------------------------------ The value is unfixed when it reads.
12. Address 0B16 (=CA3 to 0)
CD15 CD8CD7 CDO
PDDDDDDDDDDDDDDI
A A Bit symbol Bit name Function RiW
________________________________________________ Nothing is assigned. % Ix
The value is unfixed when it reads. !
13. Address 0C16 (=CA3 to 0)
CD15 CD8CD7 CDO
DDDDDDDDDDDDDDDIN]
P I A A Bit symbol Bit name Function Riw
________________________________________________ Nothing is assigned. x :X
The value is unfixed when it reads. :
14. Address 0D16 (=CA3 to 0)
CD15 CD8CD7 CDO
POLPDPOPPLPY Jefofofo] |
A Bit symbol Bit name Function RIwW
t.lii.] Reserved bit Must set to "0." OEO
bomnnes CRC16SEL CRC mode select bit Selects 82 bit CRC/16 bit CRC mode
CRC16SEL | CRC mode 00
0 82 bit CRC '
1 16 bit CRC
R O S Nothing is assigned Indeterminate at reading X .x
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14. EXPANSION FUNCTION

M306H7MG-XXXFP/MC-XXXFP/FGFP

14.5 Expansion Register

Table 14.4.

is shown in

. Expansion register composition is s

Control Data slice function

Expansion register composition

Table 14.4

914¢
(O)LNIXLLNY | (INIXLLAY | (Z)INIXLLAY | (8)LNIXLLNY - - - - - - - - - - INO30I1S™LNOYI - 93¢
(0TWLTIWY | (DTWLTIWY | @IWL LY | (©TWL Wy | () w vy | (@ TWLTIwe | (@ TWLTIw | (D IWLTIWY | (OHWLIWY | (DHWLTIWY | @HWLLNY | (©OHWLIWY | (WHNLIWY | (HWL LW | (HWL LW | (DHWL 1wy | ewae
LHVISINY (0)104dI (1)104yI (2104ul (0)AIgowy (AIGOWY (0)AIaLWY (AIQLWY QWL WY | (DWNLINY | QWL L (WL IWNY | (PINL" LW (SWLIWY | (WNLIWY | (DL 1Y 9108
0LNONDAVA | LINONDAVA | ZINONOAVA | ELINONOAVA | ¥INONOAVA | SINONOAYA | 9INONOAVA | LINONOAVA | 8INONOAYA | 61NONDAVA |0LLNONDAVA | LLINONDAVA | ZLINONOAVA | £LLNONOAVA | ¥LINONDAVA | SLINONDAVA |  evge
0LNONIW LLNONIN ZLNONIW £LNONIW #LNONIW SLNONIN 9LNONIN ZLNONIW 8LNONIN 6LNONIN 0LLNONIW - - - - - 91vE
01n023s 110003 z1n023s £1N023S #1N003S $1N023s - - NODLY - B - B - - 1snro3s 916¢
- - - - - - - - - - - - - - - - Uge
(0)0n0OYNA | (L)onodNA (2)onOYNA | (€)oNOMNA (#)ONOYNA | (S)ONOMNA - - (0)LNOMNA (LNOMNA | (2)LnOoMNA (£)LNOMNA (¥)LNOMNA (S)LNOMNA - - 9/€
OLNIA LINIA ZINIA £INIA OLNYLNI LLNYLNI ZLNYLNI ELWNYLNI OLNIH LINIH ZINIH €LNIH 0LNIO3S LINIO3S ZINIO3S €INIOIS 919¢
O3NIT INIH | L3NITINIH | Z3NIT INIH | €3NIT INIH | »3NIT LNIH | S3NIT ANIH | 93NITLINIH | Z3NIT INIH | 83NITINIH 801d 8aLd B B B B 440vX3 915
- - - - - - - - - - - - - - - - 9pe
(0)LaHIWY (LGHINY | (@1LaHIWY | (e)LaHLWY (P)LaHLNY | (9LaHLNY (9)LaHLNY (OraHiny | (8)LaHLwe OAIdTI B [ [y E] XLH3A - [RINIRTE] (Liniad 91ge
(00aHIWY | (NodHLWY | @)oaHIWY | (eloaHiwd | (Y)oaHIWY | (9oaHLWY | (9JoaHIWY | (oaHiwd | (8JoaHiwy [ oniaolsr | LAiaoLsr | Noxolsr - - - RET 91z¢
- - - - - - - - - - - - - - - - oLe
- - - - - - - - - - - - - - - - 9.0
- - - - - - B - - - - B - - - S3d 81s 9147
peai o} 0LNNOOH LINNODH ZLNNOOH £1NNOOH 7LNNOOH SINNOOH 9LNNOOH LINNOOH 8INNOOH 6INNOOH | OLINNOOH | LLINNOOH | ZLINNOOH | €LINNOOH | vLINNOOH | SLINNOOH 9132
093NSTd 193NSTd 293NSTd €93NSTd $9INSTd $93NSTd 993NSTd /93NSTd 893NSTd B B B B B B B 9az
0S0dS1d 1S0dsTd 250dsd £S0dS7d $S0dSd $S0dsTd 950dS7d 150dS1d 850dSd B - - - - - - 907
- - - - B B B B - - - - HOQd 13S HSdA 73S B 030ad 13s 962
OMSVIN INSYIN DASYN XSV PISVIN SISV SV ISYN B B B B B B B B 9V
0dA™SdA LdA“SdA 2dA"SdA €dA”SdA PdA"SdA SdA“SdA 9dA”SdA LdA“SdA 8dA”SdA 097118 NO dISONAS |dISONASELS B B B - 962
1viavy Luv1S - 4401189 - 0TAINAS LININAS ZININAS NOav QvINI VALINI - - - - - 9182
0713sA10 113SA10 213sA10 £13SA10 $13SA10 S13SA10 913SA10 £13sA10 0LHOIIM LIHOI3M ZLHOIIM €1HOIIM PLHOIIM - - - 912
00 dAId X0 dAId 240 dAId €40 dAId MO dAId SO dAID 9O dAId 0" dAIa OMO AAID MO ANID 207 AAID €0 AAID O AAIQ SO AAID MO AAID DIOTAN 992
J3sav WILNOaY - - WIL"NOITS - - - - - - - - - - - 9152
- - - - - - - - - - - - - - - - 9z
0SSdA”AId LSSdA"AId | 2SSdA AId 0SdA”AId LSdA”AId 2SdA”AId £SdA”AId ¥SdA”AId SSdA”AId 9SdA™AId 1SdANIa 8SdA”AId NO XVHOH - - - 9ET
0S0ad Ald | 1S00d AId | 2S0ad Ald | 00ad Al 10ad Al zoad AId £0ad Al ¥0ad AIg 50ad AId 90ad AIg £0ad Al 800d Al - - - 13SYBINH 922
- - - - - - - - - - - - - - - - 9z
B - B - B - O0Ad3S - TVINHON V13ATT - - - dXN Wd - 907
peai Joy - B - B AL - - NO OHOVI - - - - - B - B 94l
peal Joy - - - - - - - - - - - - - - - - 9131
B B B - B B NO OOA 00d |04 OOA 00d |1 0OA 0ad |NO OOA SdA B B B B B B aiglL
B B - B - - - B - - - B - 20ad 1X3 - Lyvisay 910}
- - - - - - - - - - - - - - - - oigl
01 1518 zs1s €SS SIS $51S 9578 1878 - - - - - e WILLSD B iyl
B B B B - - - - B B B B - - Wy - 961
0dH S1S LdH S7S ZdH S1S £dH S1S vdH S1S SdH S1S 9dH S1S LdH STS 0dH 139 LdH 139 - - 0%33d139 | 1¥33d139 | 2%33d13D | e433dL3D 918}
€ JoisiBas snieys [ER LI¥3S Z3s €I¥3S [DED ERED [RER JER B 01A1S1S 1IA1S1S NOdig B - - - 9L}
0074 ¥HO 1074 MHO 2074 MHO €074 MHO 014 MHO S04 MHO 90714 MHO L0714 MHO 80714 MHO 6074 MHO | 0LOT4MHO | LIOTd MHO | ZLOT4 MHO | €L074 MHO | pLOTd MHO | GLOT4 MHO 991
0074 1074 2074 €014 ¥O74 50714 99714 2974 80714 60714 01014 11074 21074 €1074 71074 51074 9151
B - B - B B B B - - - B - 00A13S 0SAId L1SAIQ 9yl
018 1S18 zs18 £s1s SIS $S1S 9518 1518 - - - - - 14vV1S13S WILLSD - 9igl
- - - - - - - - B B - B B B Wy - 9Z)
0dHS1S LdH 'S8 2dH ST €dH ST ydH STS SdH S8 9dH ST LdH 'S8 0dH 139 LdH 139 B B 04334139 I633d139 233d139 €433d139 9L
Z Jeisibel snje)s [ER INES [ES ERES [ES) ERES 9Iy3S JES - 0IATSTS LINISTS NOHiIg - - - - 910}
0074 %HO 10T MHO | 2014 ¥HO | €074 MHO ¥O14 MHO | G074 MHO 9074 MHO | 014 MHO | 8074 MHO 6014 MHO | 0LOT4 MHO | LD MHO | ZLOTd MHO | €10T4 MHO | #1074 MHO | §LOTd MHD 9140
00714 1074 [ €074 ¥014 5074 9074 1014 8074 60714 01014 11014 210714 €104 1074 51074 9130
- - - - B B B - - - B - B OOA13S 0sAId LSAIQ 9:00
0s1s 1S1S zs1s £s1s ¥S1S $51S 9515 1818 B B B B B LHv1S13S WILLSD B 900
- - - - - - - - - - - - - - WY B 9180
0dH S1S LdH S8 2dH S18 €dH S1S vdH S1S SdH S1S 9dH 18 LdH S1S 0dH 139 LdH 139 B B 0333d139 1533d139 | 233d13D | €433dLID 9v0
L JoisiBas smiers [NES] [ES [AES] ENES] PINIS ERES] ERES AES] B 0TA1STS LIAISTS No4Ig B B B B 9160
0074 %HO 1014 MHO | 20147 MHO | €074 MHO $OT14MHO | $O14 MHO 90714 MHO | L0714 %HO | 8074 MHO 6014 MHO | 0LOT4 3HO | 1O %HO | 21014 MHO | €10T4 MHO | #1014 MHO | SLO14 MHD 9:80
00714 1074 2014 €014 ¥014 5074 9074 1074 8074 60714 01014 11014 210714 €104 ¥1074 51074 9140
- - - - B B B B B B B B B 0OA13S osAld LsAla 990
10O 0N LAO INT 130 2N1 L0 ENT Lao ¥N1 LAO SN LAO 9N 100 N1 LAO 8N1 100 BN LAO 0N L3O LINT 1A ZINT LAO EINT LAO ¥INT L3O GINT 9160
000 ON1 000 INT 000 N1 000 N1 000 ¥N1 000 N1 000 9N 000 N1 000 N1 000 6N1 000 0INT 000 LINT 000 2INT 000 €INT 000 PINT 000 GINT 990
JeysiBes our] H H H H H H 100 9INT 100 ZINT H H H H H H Smum_f _>wHCE 91€0
000 9IN1 000 ZIN1 O0AT 9INT 0A3 LINT 9120
LAS 0N LA INT EEN LAT ENT LAT PN EEN LAT 9N LT N1 LAT 8N LAT 6N1 LAT OLNT LATLINT LT ZINT LAT EINT LAT PINT LAF GINT 910
OAZ 0N OAZ"INT OA3 2N OAZ"ENT [(ERCH OAZ 6N (KN OAF N1 OAZ 8N (e OAZ 0INT OAZ™LINT OAZ ZINT OAZ EINT OAZ PINT OAZ GINT 9400
syleway 0ad Laa zaa €00 [ saa 900 ,aa 800 600 0.a0 11aa z1aa €100 ¥1aa 51aa 0¥ 016va

Page 200 0f 326 S RENESAS

Oct 25, 2006

Rev.2.10

REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

For accessing to expansion register data, set accessing address (DAS to DAO) (shown in Table 14.4) to expansion
register address control register (address 021616). Then write data (DD15 to DDO0) to expansion register data
control register (address 021816). When end the data accessing, expansion register address control register
increments address automatically. Then, next address data writing is possible. After reset, the value of expansion
register become “0” all, except for the clock timer.

Expansion register access registers are shown in Figure 14.9, expansion register access block

diagram is shown in Figure 14.10, and expansion register bit compositions are shown in p202 to p239.

Expansion register address control register

b15 b8 b7 b6 b0 Symbol Address When reset
Function Setting possible value |R'W
N Specify accessing expansion register address 0016 to 4516 00
Nothing is assigned.
L ELOEREtrr When write, set to “0”. —i—
When read, its content is indeterminate. !
_________________ Expansion register address automatic increment _ XEO
O:enable / 1:disable (Note2) |
Nothing is assigned.
R L EEEEEEEEEEE In an attempt to write to these bits, write “0”. The value, if read, turns out to —}—
be indeterminated. !

Note1 : When access to expansion register, must be set expansion register address
at first, then use expansion register data control register (021816).

Note2 : When bit 8 = “0” setting, expansion register data control register increments by
accessing expansion register data control register, so it is not necessary to
setting the next expansion register address. When bit 8 = “1” setting, the address
is fixed.

Expansion register data control register

b15 b8 b7 b0
Symbol Address When reset
] DD 021816 000016
Function Setting possible value [RW

Write and read out the data of expansion register which is !
specified by expansion register address control register 000016 to FFFF16 00
(address 021616) |

Note : Data access must be 16-bit unit. 8-bit unit access is disable.

Figure 14.9 Expansion register access registers composition

S Data bus (16-bit) i
Expansion register address Expansion register data control
(address 021616) | (DA8)|  control register (6) (DA5 to DAO) register (16) (DD15 to DDO) | (@ddress 021816)

\ Increment automatically
after data access

Expansion register

Figure 14.10 Expansion register access block diagram
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Bit composition of an expansion register

1. Address 0016 (=DAS to 0)

DD15 DD8DD7 DDO
I R A Bit symbol Bit name Function RIW
. The 0Oth line state register As for the slicing method of the n-th line| ~:
A A LNO EVO SHIC . 00
e - selection bit (Notes 1), it is chosen which set of the | !
. I - - state register settings of the three sets .
e e LN1_EVO Thle 1t'$t "T:’t state register (Notes 2) is used with the combination |O:O
A selecton ™ of LNn_EVO (address 0016 and 0216, | .
R S R R R S R R . " n=0to 17) and LNn_EV1 (address !
R T T T T The 2nd line state register — !
A LN2_EVO selection bit S 0116 and 0316, n=0to 17.) O:O
i i i i i i i E i i i i i ____________ LN3_EVO The 3rd Iinfa state register Four kinds of following stgte registers OEO
A selection bit can be chosen for every line (Notes 3.)[
T A T LN4_EVO | [he4ihline state register LNn_EV1[LNn_EV0]stte regseniotes 2] [O:O
] v Vb 0 0 Do not set up !
[ The 5th line state register 0 1 State register 1 :
- A T - R LN5_EVO selection bit 1 0 State register 2 O:O
: E E E E : E b 1 1 State register 3 :
R, LN6_EVO The 6t'h Ilng state register 00
R T T T T T B selection bit !
E E E E E E E E e LN7_EVO The 7Fh Iin§ state register OEO
. selection bit ;
E E E E E E E E _________________________ The 8th line state register E
: E E E E : E LN8_EVO selection bit O:O
E E E ! E E : ___________________________ The 9th line state register H
I LN9_EVO selection bit OEO
o i i E_ _____________________________ The 10th line state register i
E E E . LN10_EVO selection bit OEO
i i i i i _________________________________ The 11th line state register E
. E E E LN11_EVO selection bit O:O
E E E : ................................... The 12th line state register E
o LNT2_EVO | serection bit O:O
E E e e The 13th line state register E
I LN13_EVO selection bit O:O
§ b i The 14th line state register E
E LN14_EVO selection bit OEO
e The 15th line state register :
LN15_EVO selection bit O:O

Notes 1. The n-th line: The number of lines after a slice start.
Please refer to the supplement (3) of 15.6 expansion register composition
(P229) for details.

Notes 2. 06h to 0Ch address: State register 1
0Dh to 13h address: State register 2
14h to 1Ah address: State register 3

Notes 3. The example of a setting.

V after sync separation ml (C
)) The Oth line The 1stline The 2nd line

H after sync separation Uﬂ Uﬂ U{}_%%_Uﬂl | Uﬂ[ | Uﬂ[ | I

line 1 line 2

line n line (n+1) line (n+2)

' ' ' '
'LNO_EV1=0! LN1_EV1=0!LN2_EV1=1!
'LNO_EVO0=1! LN1_EV0=1! LN2_EV0=0!
: slice . slice . slice :
1 processing by | processing by | processing by |
! setupofthe ! setupofthe ! setupofthe !
istate register 1.1state register 1.1state register 2
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2. Address 0116 (=DAS5 to 0)

DD15 DD8DD7 DDO

Bit symbol Bit name Function RIW

LNO EV1 The Ot'h Iinfe state register Refer to LNn_EVO (address 0016) o0
- selection bit !

LN1 EV1 The 1§t Iing state register O:O
- selection bit !

LN2 EVA The Zpd que state register Oio
- selection bit '

LN3 EVA1 The 3rd Iing state register OEO
- selection bit H

LN4 EV1 The 4t_h Im_e state register [o}®)
- selection bit :

LN5 EV1 The 5t_h Iin_e state register OEO
- selection bit '

LN6_EV1 The 6t'h Iing state register OO0
selection bit H

LN7 EV1 The 7Fh Iin§ state register OEO
- selection bit !
The 8th line state register E

LN8_EV1 selection bit O:O

LN9_EV1 The 9t_h Iln_e state register O:O
selection bit H

LN10 EV1 The 1ch Iir_\e state register o0
- selection bit '
The 11th line state register E

LN11_EV1 selection bit O:O
The 12th line state register E

LN12_EV1 selection bit O:O
The 13th line state register H

LN13_EV1 selection bit OEO
The 14th line state register E

LN14_EV1 selection bit O:O
The 15th line state register :

LN15_EV1 selection bit O:O
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3. Address 0216 (=DAS5 to 0)

DD15 DD8DD7 DDO
NNV N NN\

L DDDDIX L XX .
A Bit symbol | Bit name Function R1W
Pl b rb bbb Lt ] Nothingis assigned. xix
e LN16 ODO | The 16th line state register Refer to LNn_ODO (address 0416) |51
[ T - selection bit !

E E E E E Do LN17 ODOQ | The 17th line state register :
I H H - selection bit O:O
R : : Nothing is assigned. XX
R LN16_EVQ | The 16th line state register Refer to LNn_EVO0 (address 0016) o0
: selection bit H
E ___________________________________________ LN17 EVO | The 17th line state register E

- selection bit O:O

4. Address 0316 (=DAS5 to 0)
DD15 DD8DD7 DDO

A Bit symbol Bit name Function RiwW
Piob b L i il ] Nothingis assigned. xix
i i i i i i i i i i_ ___________________ LN16 OD1 | The 16th line state register Refer to LNn_ODO (address 0416) OEO
A - selection bit !
E E E E E E Do LN17 OD1 | The 17thline state register :
[ H - selection bit O:O
R : Nothing is assigned. XX
R LN16_EV1 | The 16th line state register Refer to LNn_EVO0 (address 0016) O:O
: selection bit H
E ___________________________________________ LN17 EV1 The 17th line state register E

- selection bit O:O
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14. EXPANSION FUNCTION

5. Address 0416 (=DAS5 to 0)

DD15 DD8DD7 DDO

Bit symbol Bit name Function RIW

LNO_ODO The Oth line state register As for the §Ii9ing method qf the n-th line| O'O
selection bit (Notes 1), it is chosen which set of the | |
- - state register settings of the three sets :

LN1_ODO Thle 1t'St "';)?t state register (Notes 2) is used with the combination |O:O
selection of of LNn_ODO (address 0416 and 0216, | !
The 2nd line state register n=0to 17) and LNn_OD1 (address E

LN2_ODO | hion bit o 0516 and 0316, n=0to 17.) O:O

LN3_0DO The 3rd line state register Four kinds of following stellte registers O'O
selection bit can be chosen for every line. (Notes 3)[ !

LN4_ODO I:Iee;tigr:lr!])iet state register LNn_EV1[LNn_EVO0 |State register(Notes 2 OEO
0 0 Do not set up N
The 5th line state register 0 1 State register 1 E

LN5_ODO selection bit 1 0 State register 2 O:O
1 1 State register 3 .

LN6_ODO The 6t.h Ilng state register OO0
selection bit H

LN7_0DO The 7th line state register OEO
selection bit !
The 8th line state register E

LN8_0OD0 selection bit O:O
The 9th line state register H

LN9_ODO selection bit OEO
The 10th line state register E

LN10_ODO | gejection bit OEO
The 11th line state register E

LN11_0D0 selection bit O:O
The 12th line state register E

LN12_OD0 selection bit O:O
The 13th line state register 1

LN13_0D0 selection bit OEO
The 14th line state register E

LN14_ODO | g jection bit OEO
The 15th line state register E

LN15_OD0 selection bit O:O

Notes 1. The n-th line: The number of lines after a slice start.

Please refer to the supplement (3) of 14.6 expansion register composition for details.

Notes 2. 06h to 0Ch address: State register 1

0Dh to 13h address: State register 2
14h to 1Ah address: State register 3

Notes 3. The example of a setting.

V after sync separation ((
yne sep l ))

H after sync separation Uﬂ Uﬂ

The Oth line The 1stline The 2nd line
[ a1 o]
e

line (n+2)
' ' ' '
'LNO_OD1=0!LN1_OD1=0!LN2_OD1=1!
'LNO_ODO=1!LN1_0D0=1: LN2_OD0=0;

line 1 line 2 line n line (n+1)

' ' ' '
. oslice 1 slice 1 slice
1 processing by | processing by | processing by |
! setupofthe ! setupofthe ' setupofthe !
istate register 1.1state register 1.1 state register 21

Rev.2.10  Oct 25, 2006
REJ03B0152-0210

Page 205 of 326

RENESAS



M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

6. Address 0516 (=DAS5 to 0)

DD15 DD8DD7 DDO

Bit symbol Bit name Function RIW

LNO OD1 The Oth line state register Refer to LNn_ODO (address 0416) OEO
- selection bit !

LN1 OD1 The 1st line state register O:O
- selection bit E

LN2 OD1 The 2nd line state register OEO
- selection bit H

LN3 OD1 The 3rd line state register OEO
- selection bit H

LN4 ODA The 4th line state register O:O
- selection bit .

LN5 OD1 The 5th line state register OEO
- selection bit 1

LN6 OD1 The 6th line state register OEO
- selection bit H

LN7 OD1 | The 7th line state register o0
- selection bit !
The 8th line state register E

LNg_OD1 selection bit O:O
The 9th line state register i

LNS_OD1 selection bit O:O
The 10th line state register :

LN10_OD1 selection bit O:O
The 11th line state register E

LN11_0D1 selection bit O:O
The 12th line state register E

LN12_0D1 selection bit O:O
The 13th line state register H

LN13_OD1 selection bit OEO
The 14th line state register E

LN14_OD1 | ¢jection bit O:O
The 15th line state register :

LN15_0D1 selection bit O:O
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DAS5 to 0)
DDO

DD8DD7

7. Address 0616, 0D16, 1416 (

DD15

M306H7MG-XXXFP/MC-XXXFP/FGFP
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

9. Address 0816, OF 16, 1616 (=DAS5 to 0)

DD15 DD8DD7 DDO

A Bit symbol Bit name Function RIW

T Framing code check When acquiring data, it sets up whether| ~

- CHK_FLCO selection bit framing code set up by FLC 0 to 15 C%()
N E E T (addresses 0716, 0E16, and 1516) is
e CHK FLCA checked or not per bit. lee)
A - Data will be acquired if the n-th bit !
A oo which is set as check is in agreement. "

I : : A A A R EEETEEEE CHK_FLC2 O:0

N A CHK_FLCn n-th bit i
e CHK_FLC3 = 00

A 0 check :
e CHK_FLC4 : Nocheok | |00
E E E = E E E E E i """"""""" CHK_FLC5 O;O
------------------- CHK_FLC6 oo
: i — CHK_FLC oo
L CHK_FLCS 00

R SEECRCECEEEEEEEEEEEE CHK_FLC9 o0

SRREEECECEEEECEEEEEEOEEE CHK_FLC10 00

Pobob b e CHK_FLC11 0.0

R CHK_FLC12 0.0

e CHK_FLC13 ©:0

D termmmeeenoosesnnooe oo CHK_FLC14 Oio

"""""""""""""""""""""""""" CHK_FLC15 0:0
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

10. Address 0916, 1016, 1716 (=DAS5 to 0)

DD15 DD8DD7 DDO

el el TT DAL TTTTTT]

The differentiation by SEKI2, 3,
0 | SEKI4, and 5 is differentiated by

....................... one time the value. O

: SEKI7 Data slicer control bit 5 The differentiation by SEKI2, 3,

H 1 | SEKI4, and 5 is differentiated by

' twice the value.

i

femmmmmmmmm e Nothing is assigned. XX

o

The clock line average level is used
e e e LR P LR R EEEE SISLVLO Slice level control bit The slice level selection bit

1 | (0C16,1316, 1A16, and house number
SLS770) is used.

. : . : : : Bit symbol Bit name Function RIW
Db : SEKIT] SEKIO N

R t---1 SEKIO Data slicer control bit 1 0 0 5 (Note) | |00
R 0 1 4 (Note2)
AR 1 0 6 (Note3)
R 1 1 8 (Noted)
e SEKI1 N-times the digital value after SEKI7.6.|O:O
S SEKI3 | SEKI2 N
s SEKI2 Data slicer control bit 2 g (1) ‘3‘ 0'0
Por b 1 0 !

e 1 1 No differentiation

E : : : : : : : : T SEKI3 !t differentiates from the digitizec} data |~
e in front of N/8 cycles (clock run-in cycle)
T to the digital value after SEKIO and 1.
Probb b SEKI5 [ SEKI4 N

A P SEKI4 Data slicer control bit 3 8 ? g 0:0
R 1 0 1

E ' ' ' ' ' ' 1 1 No differentiation

E : : : : : ! SEKI5 !t differentiates from the digiti_zed data o0
I in after N/8 cycles (clock run-in cycle)
A to the digital value after SEKI3 and 2.

i i E E i E SEKIG . . SEKI6 ‘Ifl\seligg‘/:ﬂs‘}:ﬂ;e of the following

E : : : : : Data slicer control bit 4 0 Average for four dlocks 00
E E E E : E 1 It doesn't level

; 0 | 2 cycles of Clock run-in
R SISLVL1 Sllqe level mc_easurement A o0

: period selection bit 1 | 4 cycles of Clock run-in

E 0 | Non Return Zero
--------------------------------- BIFON Data format selection bit - O:0
1| Bi-phase type

.................................... Reserved bit Must set to "0." X0
......................................... Reserved bits Must set to "1." x:0
''''''''''''''''''''''''''''''''' Reserved bit Must set to "0." x'QO

Note 1. When selecting 5 times with SEKIO, 1 and twice with SEKI7, select "none" for any one
of SEKI2, 3 or SEKI4, 5.

Note 2. When selecting 8 times for SEKIO, 1, select "none" for both SEKI2, 3 and SEKI4, 5.

Note 3. When selecting 6 times for SEKIO, 1 and twice for SEKI7, select "none" for any one of
SEKI2, 3 or SEKI4, 5.

Note 4. When selecting "none" for both SEKI2, 3 and SEKI4, 5, do not select 4 times, and
select 8 times for SEKIO, 1.
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M306H7MG-XXXFP/MC-XXXFP/FGFP

14. EXPANSION FUNCTION

11. Address 0A1s, 1116, 1816 (=DAS5 to 0)

DD15 DD8DD7 DDO
HRERCONENENEENEN
A A Bit symbol Bit name Function RYW
P S Slice check start position It will become below if data slice start | ~;
. e SLS_HPO selection bit position is made into SLS_HS. OEO
I A 7 !
A Voo R SLS_HP1 SLS_HS = T2><Zg” SLS_HPn O.0
P P - = ;
S SLS_HP2 T2 : Clock run-in cycle /2 OEO
R REINEEERORRERREY SLS_HP3 EI—I—I 00
R R SLS_HP4 i T L 00
P osssseeeeeeeeees SLS_HP5 00
P The position where framing code '
Vo begins to be checked is set up. OEO
: P P SLS_HP6 Setup in a 1-bit unit is possible. :
R B RRRRILLLEEEE SLS_HP7 oo
it GET_HPO | Phase fine-tuning bit Slice data 0/1 judging clock is tuned  |O}O
o finely. :
R R R SRIREELEELEELEE S GET_HP1 00
e ShRhGECETITETELELELETEEED Reserved bit Must set to "1." 5.0
T Reserved bit Must set to "0." 5 O
P R GETPEEKO Peak Qetegtlon period GETPEEK1|GETPEEK0| Clock run-in period oo
P selection bit 0 0 0 2 H
Do — 0 1 7] :
I GGRSRCETEEEEEEEEERERLELELELLELEY GETPEEK1 | Peak detection period 1 0 5 00
- selection bit 1 1 1 6 H
E E _________________________________________ Peak detection period 0 | With clock compensation E
E GETPEEK2 selection bit 2 1 [ With no clock compensation OEO
e Peak detection period 0 | Only a mountain is detected.
GETPEEKS selection bit 3 1 | A mountain and a valley are detected. O:O
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M306H7MG-XXXFP/MC-XXXFP/FGFP

14. EXPANSION FUNCTION

12. Address 0B1s6, 1216, 1916 (=DAS to 0)

DD15

DD8DD7 DDO

Lo DX Mb NWA}'

oot Bit symbol Bit name Function R IW
A Nothing is assigned. X : X
R Reserved bit Must set to "0." X0
by The number selection bit of 0] 15-bit check OEO
E FRAM framing code check bits 1| 16-bit check !
o Nothing is assigned. X , X
13. Address 0C1s6, 1316, 1A16 (=DA5 to 0)
DD15 DD8DD7 DDO
Lo | Tofofofofo] T[T T ]1]
A N Bit symbol Bit name Function R W
E . . . . . . . . . . L SLSO Slice level selection bit It will become below if a slice level is OEO
N P made into SLS_LVL. :
heeeaes SLS1 sLs_LVL |O:O
A R sLs2 0i0
EEREREE | o |
P Pemmsmneeed sLs3 0.0
P At the time of SLS7 = "H" :
T RREREREE SLs4 6 o0
T . SLS_LVL =32"SLSn-128 H
T T T B [ n=0 H
! ! ----------------- SLS5 OEO
A At the time of SLS7 = "L" ;
[ . 6 i
. . SLS6 SLS_LVL = Zg" SLSn OO0
Vo o n= H
R sLs7 0o
Py e RRRhhbbi kbbbl Reserved bits Must set to "0." Se)
P SELSTART | Slice start condition selection bit | Slice beginning after slice check period '
[ (SLS_HPT7 to 0 of addresses 0A,11 and 18)| .
I passes :
R .0
o Slice beginning after standing up of clock '
E . 1 | run-in after slice check period !
v (SLS_HP7 to 0 of addresses 0A,11 and 18)
. passes '
b GSTTIM Ghost correct control bit 0| Ghost correct OFF
e 00
H 1| Ghost correct ON '
e e e Reserved bit Must set to "0." X0
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M306H7MG-XXXFP/MC-XXXFP/FGFP

14. EXPANSION FUNCTION

14. Address 1B16 (=DAS5 to 0)

DD15 DD8DD7 DDO
Lo[ofopdo[efofo]o]1]o[efo]o]o[o] ,
A Bit symbol Bit name Function RIW
P : P : P4 hede-ioloioloood Reserved bits Must set to "0." X1
T Reserved bit Must set to "1." X0
T O O S Reserved bits Must set to "0." x 1O
E ' ' e e Nothing is assigned. X ' X
b Reserved bits Must set to "0." X .O
15. Address 1C16 (=DAS to 0)
DD15 DD8DD7 DDO
L Lof [ofofofofo] Jofo]o] |
A [ Bit symbol Bit name Function R1wW
A P Reserved bits Must set to "0." x:O
] Reserved bit Must set to "1" when EPG-J is acquired. | O
I H Otherwise, set to "0." '
E E E I I Reserved bits Must set to "0." X EO
P Selection of PLL divided-in-3 0| no divided 5
EXT_PDC2 frequency bit for PDC 1 | divided-in-3 OEO
PoTTmmmmmmmosmsssssosssoososssoseoooooees Reserved bit Must set to "0." o)
L L e L L L e LR L L EEEEETEEPED ADSTART | A/D conversion completion bit 0 | Conversion completion o0
Under conversion :
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14. EXPANSION FUNCTION

M306H7MG-XXXFP/MC-XXXFP/FGFP

DAS5 to 0)

16. Address 1D16 (

DD8DD7 DDO

DD15

2| x 010 O O |0 | x
x| x X @) X O X X
35
3|8
ol ©
k(e
25138
=l=|5l5
c < 8|3|5|< c
o8 )
S i) alalala S
o o (@) «©
ols (&) al=
=)
[ins o8 > ol
=, 28 e C_ o|o|~|+— | o =,
o
135|135 o= 2%l °
o | ©fo o | oo o
Z | 9l°]| |9 oo =
g 1ele] olo| 3
= |22 1 ol-ol~| &g =
% oo O > | > %
= R =
o+~ a | o+~
f c
S S s
[} T © T
£ = = =
© 2 3 ‘o
< S| S 8 =
m Xx O o e}
o S c| 65 S c
. mo me S o .
3 5l o2 55 3
c Qo| QF D 0 c
S Q9| Qc 29 [5)
B O n|l G > 0 D
@ 2 2 @
I © 3 3 ©
sl 2 kel x kel 2
8l o o | | o | o o
= c
El £ g o g | £
ol = 7] > 7] =
2 B 9] | I I | 4 o
Sl 2 14 m 14 z
a

<eessss==aaeeo-----|PDC_VCO_ON
iiiiieeeoo.._____]PDC_vCO_RO

TTTTTTTmmoommmommmsosssm=1VPS_VCO_ON
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17. Address 1E16 (

Function

Must set to "0."

Bit name

Nothing is assigned.
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Reserved bits
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M306H7MG-XXXFP/MC-XXXFP/FGFP

14. EXPANSION FUNCTION

19. Address 2016 (=DAS5 to 0)

DD15 DD8DD7

REJ03B0152-0210

Bit symbol Bit name Function R EW
Reserved bits Must set to "0." x 10O
Nothing is assigned. X , X
Vertical synchronous 0 | Detected in L period of 15ms/22ms. OEO

SEPVO separation standard selection bit | 1 | Detected in L period of 22ms. !
Reserved bit Must set to "0." x 1O
. . 0 | Check (Data is acquired if Framing code is in agreement). O: O

NORMAL | Framing code check control bit 1| No check (Al data is acquired) :
Synchronous signal slice potential 0 | Synchronous signa.\ slice poilemial generating circuit (?FF O io

LEVELA generating control bit 1 Z}:gl::i}:rooaous signal slice potential generating :
Reserved bits Must set to "0." % EO

NXP MPAL | Broadcast method E
NXP Broadcast method selection bit 0 0 NTSC OEO

0 1 M-PAL L

1 0 PAL h
MPAL 1 1 Do not set up OEO
Reserved bit Must set to "0." x:10
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

20. Address 2116 (=DAS5 to 0)

DD15 DD8DD7 DDO
VNVVNVVVIVVIVVIVVVIVV
[0 [ 1 PIXDADDDXPDIXDAXIX I |
- Bit symbol Bit name Function RIW
Popmeeheceesooeesobooooioboooclooo-Soood Nothing is assigned. XX
e Reserved bit Must set to "1." xi0
g Reserved bit Must set to "0." x:0)
21. Address 2216 (=DAS5 to 0)
DD15 DD8DD7 DDO
I Bit symbol Bit name Function RIW
{1011 T|DIV_PDCSO| The PLL fine-tuning bitfor | oo clock frequency froc for PDC 1 OIO
Voo is adjusted. 1
A PDC :
R 8 H
Poronop R DIV_PDCS1  PDC = fOIVP (n§o 2"pbiv pocn OO
P ) i
R DIV_PDCS2 +3 2" DIv_PDCSm2 ) (OO
. 2 _ ;
i i Peeeeoeonanad DIV_PDCO | The divided value selection bit f bive : Horizontal synchronized Oio
' of PLL for PDC signal frequency T
PoRemmemeneeeees DIV_PDC1 o0
* When teletext (PDC) data is acquired |
o ( DIV_PDC4 10 0, DIV_PDCS2100 ) | ~'~
DIV_PDC2 = (00100011)2 '
____________________ « When EPG-J is acquired :
DIV_PDC3 DIV_PDC4 to 0, DIV_PDCS2 to 0 O:O
( = (00010011)2 ) ;
"""""""""""" DIV_PDC4 eYe)
"""""""""""""""" Nothing is assigned. X1
. " 0 [ Normal ;
-------------------------------------------- 8/4 humming polarity !
HMBASEL | election bit The 4-bit data of 8/4 humming is 0.0
1 reversal-outputted. H
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M306H7MG-XXXFP/MC-XXXFP/FGFP

14. EXPANSION FUNCTION

22. Address 2316 (=DAS5 to 0)

DD15

DD8DD7

Lolefo] Jolo]

0]

PR —

I ———————————

Bit symbol Bit name Function R1Q
DIV_VPSSO | The PLL fine-tuning bit for Slice clock frequency fpoc for VPS |
VPS is adjusted. :
8 H
DIV VPSS1 fVPS = o x ( 202" DIV.VPSn  |O'O
—_ n= 1
2 m3 H
DIV VPSS2 + £ 2" DIV_vPssm + 2) |oio
_ e ;
DIV_VPS0 | The divided value selection fowy: I:?r;za‘olr;tzl z)‘;rr\wihromzed OEO
bit of PLL for VPS gnalirequency i
DIV_VPS1 When VPS is acquired 0:0
DIV_VPS4 to 0, H
DIV_VPSS21t0 0 :
DIV_VPS2 = (00100110)2 0.0
When CC, CC2X and ID-1 are acquired :
DIV_VPS3 DIV_VPS4 to 0, o0
DIV_VPSS2to 0 H
=(11010100)2 :
DIV_VPS4 ( ) 0.0
Reserved bits Must set to "0." X O
Horizontal synchronized signal| O | Analog input I
HORAX_ON . . '
- selection bit 1 | The digital input of HOR O:O
Reserved bits Must set to "0." X EO
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M306H7MG-XXXFP/MC-XXXFP/FGFP

14. EXPANSION FUNCTION

23. Address 2416 (=DAS5 to 0)

DD15

DD8DD7

Reserved bits

Must set to "0."

Reserved bit

Must set to "1."

E ' Bit symbol Bit name Function R : w

L Reserved bits Must set to "880816" when EPG-J is acquired. | x 1O
Otherwise, set to "000016." !

24. Address 2516 (=DAS5 to 0)
DD15 DD8DD7 DDO

[ofofo]t]ofo]t[r[o]ofo] ofo] ] | ,

. Bit symbol Bit name Function RIW
S H o 0 [ Normal !

R N I ' ADSEL A/D conversion slice bit 1 | The digital value after A/D conversion is o0
[ . . ! given from outside (with register). !

o b I : ADON_TIM | A/D operation control bit 0 Pr.ogramfnable OO0
R I - 1| Slice period H

Pl P : : o Reserved bits Must set to "0." o0
A : 0 | Every line (CHECK_START) I

P Vo SLICEON_TIM| Sli lection bit = O.0
A - e selection bl 1 | Programmable (PRE_START) ;

E I I I I I : Reserved bits Must set to "0." X EO

: Reserved bits Must set to "1." x:0O

Reserved bits

Must set to "0."
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M306H7MG-XXXFP/MC-XXXFP/FGFP

14. EXPANSION FUNCTION

25. Address 2616 (=DAS5 to 0)

DD15 DD8DD7 DDO
Do P D Lo Bit symbol Bit name Function RIW
R A The clock division value The divided clock used for the phase .
- N DIVP_CKO selection bit for phase comparison with a PDC clock is set up. OEO
comparison with a PDC clock :
AR R Poteeeee DIVP_CK1 e)e)
Voo o o 7 |
S P fisc = fowve < ( 22'DIVS_Ckn +2) [
A Do DIVP_CK2 0.0
Pronon foive: The slice clock frequency
A HE H for PDC (please refer to !
A P DIVP_CK3 DIV_PDCSO to 2 and oo
N : : - DIV_PDCO to 4 .
oo R DIVP_CK4 (address 2216).) o0
; P P ; ; When teletext (PDC) data is acquired :
T DIVP_CK5 DIVP_CK7 to 0 = (00001110)2 |O!O
When EPG-J is acquired
T T DIVP_CK6 DIVP_CK7 t0 0 = (000010012 | iy
S EURCELEEELELELELE DIVP_CK7 o0
_________________________ The clock division value The divided clock used for the phase ,
E E E E E E DIVV_CKO selection bit for phase comparison with a VPS clock is set up. O:O
vror o ! comparison with a VPS clock
SRR e R L DIVV_CK1 o0
Pl 7 :
1 . . v fisc = foivv x ( 2_02 DIVV_CKn + 2) ,
E EAAEE R L LR L L LR R DIVV_CK2 " 00
E . . . . foivv : The slice clock frequency !
il DIVV_CK3 for VPS (refer to (O1®)
R DIV_VPSSO to 2 and :
. DIV_VPSO to 4 :
. DIVV_CK4 (address 2316).) OEO
P When VPS is acquired :
Dol TTTTmTmmmmmmmmmsmsmsmmmmoooeoe o DIVV_CK5 DIVV_CK7 to 0 = (00001110)2 |O:O
E E When CC, CC2X and ID-1 are acquired '
il ettt DIVV_CK6 DIVV_CK7to 0 = (01010011)2  |O:O
Tommmmommmomoseoeoseoeoooeooooooeooes DIVV_CK7 00
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26. Address 2716 (=DAS5 to 0)

DD15 DD8DD7 DDO

Lofolof TTTTITTITITT] ,
e Bit symbol Bit name Function RIW
DLYSELO | Data slicer control bit5 These are the control bits of OEO

I the ghost correction circuit. ;
Lo DLYSEL1 O:0
Pl DLYSEL2 G0
U —— DLYSEL3 00
e DLYSEL4 o0
Pt DLYSEL5 o0
Tommmomomemeeeeees DLYSEL6 00
E ERRERELEEEEEEEEE DLYSEL7 o0
S UGRREECEEEETPEEEPRERE WEIGHTO | Data slicer control bité These are the control bits of OEO

v the ghost correction circuit.
LR RLER LR, WEIGHT1 00
PRI WEIGHT2 e}
B R WEIGHT3 00
A — WEIGHT4 o))
A Reserved bits Must set to "0." x1O
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27. Address 2816 (=DAS5 to 0)

DD15 DD8DD7 DDO

Lefofofofef TT T TT11]

Bit symbol Bit name Function RIW

0 | Acquisition of slice data lelle)

Data acquisition selection bit
ADLAT Acquisition of A/D data !

Turning on the output after slice RAM
of Flaming code detection position (8 bits)

START Slice data selection bit and the average of the clock run-in level OEO
(8 bits)and turning off are set (note.) '
Reserved bit Must set to "0." X '
A/D lower bit selection bit |0 | Normal o0
6BITOFF - H
1| Stop by 6th bit of A/D :
Reserved bit Must set to "1" when EPG-J is acquired. | O
Otherwise, setto "0." !
Svnchronous signal slice SYNLVL2|SYNLVL1|SYNLVLO| _ Slice level :
SYNLVLO Ie}\llel control bitg 0 0 0 |approx.1.10V+0.10V H
0 0 1 |approx.1.15V0.10V H
0 1 0 [approx.1.20V£0.10V H
SYNLVLA1 0 1 1 [approx.1.25V0.10V OEO
0 0 approx.1.30V+0.10V. !
1 0 1 approx.1.35V+0.10V. !
SYNLVL2 1 0 approx.1.40V+0.10V '
1 1 1 approx.1.45V+0.10V H
Data slicer OFF. ]
ADON Data slicer control bit (The amplifier for slicer is also turned off). OEO

Data slicer ON gsee INTAD and the INTDA

about the amplifier for slicer)

'
'
data slicers On 3 to 23 lines and 315 to 335 line amplifier ON. O:O
On other line amplifier OFF N
Always ladder resistance for data slicer ON. !
On 3 to 23 lines and 315 to 335 line Ladder resistance O:O
ON. On other line Ladder resistance OFF N

INTDA The rudder re;sistance control
bit for data slicers

0
1
INTAD The amplifier control bit for | O | Always data slicer ON.
1
0
1

Reserved bits Must set to "0." x1Q

Note. Slice RAM: Refer to Figure "Slice RAM bit construction”

SR010to SROF SR030 to SRO3F
SR000 to SROOF SR020 to SRO2F

0:| Slice data | Datat | Data2 | Data3

SR010 to SRO1
SR000 to SROOF SR020 to SR02F SR030 to SRO3F
1 :‘ Slice data [ H [ Datatl [ Data2
—

Flaming code detection location | Clock run-in average level
(8 bits) | (8 bits)
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14. EXPANSION FUNCTION

28. Address 2916 (=DAS5 to 0)

DD15 DD8DD7 DDO
Lofofofol T TITTITT 1]
. A Bit symbol Bit name Function RiW
N o Setup of a slice start line If a slice start line is made into SLI_VS :
v A VPS_VPO (Shared by the first field and OEO
N R the second field) At PAL :
Do I R SR VPS_VP1 <The first field> 00
. P - . ;
b A SLI_VS=32'VPS_VPn +2 :
A P e VPS_VP2 n=0 0o
N N <the second field> '
. P 8 :
P i VPS_VP3 SLLVS=32'VPS VP +315 |OIO
Vo o n= H
o P AtNTSC :
I VT VPS_VP4 <The first field> 0.0
I H 8 n T
. : LILVS=X2 VPS_VPn + :
o L VPS_VP5 S - S n=0 S_ n+s O:O
P <the second field> :
T 8 :
P VPS_VP6 SLIVS =n§02n VPS_VPn + 268 O:O
----------------------- VPS VP7 The data for 18 lines is stored in OEO
P - Slice RAM from the line set up by !
[ this register. '
e RRREEE L LEEEE VPS_VP8 e)e)
ol 0 [ Slice OFF :
DL B SLI.GO | Slice ON/OFF control bit = (o}le)
N B 1 | Slice ON !
Pl 0 | synch te circuit OFF |
LTI RT R ER SYNCSEP_ONO Synchronoys separate yncnhronous separate C!FCU! lolle)
N selection bit 1 | Synchronous separate circuit ON !
P R Synchronous separate input | O | SYNCIN analog input :
R STBSYNCSER control bit 1 | SYNCIN digital input OEO
S Reserved bits Must set to "0." x10O

Rev.2.10  Oct 25, 2006
REJ03B0152-0210

Page 221 of 326 RENESAS




14. EXPANSION FUNCTION

M306H7MG-XXXFP/MC-XXXFP/FGFP

DAS5 to 0)

29. Address 2A16 (

DD8DD7 DDO

DD15

210101901 010101910.[0.10.]
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DAS5 to 0)

30. Address 2B16 (

DD8DD7 DDO

DD15

210 [.x1.0101.01.019_]
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

31. Address 2C16 (=DA5 to 0)

DD15 DD8DD7 DDO

L1[efofofofofo] TT 1T 11]

e Bit symbol Bit name Function R W
pLsPoso | Slice A/D ON period Slice A/D ON period is counted. OO
I R S R A R R selection bit H
[ Vv I :
T PLSPOS1 o}fe}
e H 1
[TTTTTTTTTTITTTI :

T T S — PLSPOS2 olle}

T T =

A PLSPOS3 ] 00

- A 8
o S RRRLELEED PLSPOS4 Hof(n§02 PLSPosn)_thShOt OO0

. . ;
i PLSPOS5 Hof ( z2"PLSNEGN )~ th shot| OO

: Tommmomomemeeeeees PLSPOS6 o0
O S —— PLSPOS7 00

T T S SO PLSPOSS o0

U R S Reserved bits Must set to "0." X EO

T T T LT Reserved bit Must set to "1." O

32. Address 2D16 (=DAS5 to 0)

DD15 DD8DD7 DDO

Lofof Jolofofo] [T {11 ]1]
Piob b rb bbb | Bitsymbol Bit name Function RIW
: Slice-ON period selection bit | Refer to PLSPOSO0 to 8 OEO

b on b b n bbb b PLSNEGO

T e T (Address 2C16) '
e L 00

e PLSNEG2 .0

--------- PLSNEG3 0o
RREREEARE RN s
E E E = E E E E E i """"""""" PLSNEG5 O;O
THEH 3
--------------------- PLSNEG? oo
s S PLSNEGS 00
S Reserved bits Must set to "0." XEO
E E :' """""""""""""""""""""" Reserved bit g/l:tsa: 'isse;tgc;ﬂiv;-gdhen teletext (PDC) XEQ

S Reserved bits Must set to "0." X0
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

33. Address 2E16 (=DAS5 to 0)

DD15 DD8DD7 DDO

e Bit symbol Bit name Function Riw

Prob o r bbb b t--f HCOUNTO Synchronous detection bit A horizontal synchronized signal is OE X
A A counted. These bits are reset by set H
A the VERTX bit (address 3316) to "0." [ _:
e HCOUNT1 OiX

N HCOUNT2 O:X

et HCOUNT3 OiX

SRRl HCOUNT4 o' X

------------------ HCOUNT5 OiX

eeeeeieeee HCOUNT6 O

S RCEITRRIERRRENEE HCOUNT? O X

T R CCE TR HCOUNTS OiX

O SR LEEEEEECEEEE R HCOUNTY O'X

A SR HCOUNT10 O:X

T HCOUNT11 O:X

S HCOUNT12 O:X

e HCOUNT13 O:X

e HCOUNT14 OiX

PTTTTmTTmmssemossssossssoosssoosseoooseeo HCOUNT15 O X
34. Address 2F16 (=DAS5 to 0)
DD15 DD8DD7 DDO
NNNNNY VYN IV IV T
[ ToDXDDDDIIXINNIK |
[ Bit symbol Bit name Function R!W
P S tY RTINS R Nothing is assigned ><i><
T Reserved bit Set to "0" usually X O
i 0 | Normal I
"""""""""""""""""""""""" STB_RES | Extended register all reset bit | 4 | It resets to address 001 to the address |O:O
2E16 extended register. |
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M306H7MG-XXXFP/MC-XXXFP/FGFP

14. EXPANSION FUNCTION

35. Address 3016 (=DAS5 to 0)

DD15

DD8DD7

OIIDOILIIDN

XXX ]

DDO

A e Bit symbol Bit name Function RIW
Lol bt it Nothing is assigned X1 X
36. Address 3116 (=DAS5 to 0)
DD15 DD8DD7 DDO
NNV NVVIVIVVIVVVIVVIVIVIVV
DOTIDDDOIIITDN |
e Bit symbol Bit name Function R1W
o : Nothing is assigned X1 X
37. Address 3216 (=DAS5 to 0)
DD15 DD8DD7 DDO
E : : N E : E E E E E E Bit symbol Bit name Function R EW
SR In order to detect a remote control
T T T R T R RMHTDO(0 R I h | h i
e ©) S;:Cc:itzncs;:tm eader lengt pulse in standby mode, the header O:O
: : length to the oscillation for clocks .
R A RMHTDO(1) (address 3216) is chosen. o0
BEREEEREREEE romoe | 111 :
A - control ' l ' e '
N A RMHTDO(2) pulse ! — ‘ O:O
SR A A LB DY :
E E E E E E E o E RMHTDO(3) i A 9*(‘: g C+<_1 i " ELf}‘l(:(;tlve o0
— | width
: . . - - . : \ RMHTDO(4) :5 Header part s : OEO
PLo b . :
. A =TxciNx £ 2 RMHTDO(n) ;
o I RMHTDO(5) rd le}le)
Voo H n H
R o C = TXCN x 202 RMHTD1(n) .
' ' ' ' ' ' ' n=l i
- . 5 H
R RMHTDO(6) B = Txo x FILDIVO x ¥, YUKOUO(n) O;O
A 5 :
R R RMHTDO(7) D = Txow x FILDIVO x 3, YUKOU1(n) |~iy
A : : TxcIN : XCIN pin input cycle :
T T RMHTDO(8) Division value set by FILDIVO (bit 9 of |oi0
N . address 3316) !
P : Clock division value of JUST . o :
oy e JSTCKDIV1[JSTCKDIVO| M lock divided val '
A JSTCKDIVO | 6| OCK fitter selection bit, i cock dvided vae | 01O
Pron o 0 0 32 divided :
A 0 1 64 divided :
ety JSTCKDIVA 1 0 128 divided 0.0
N 1 1 256 divided :
T JSTCKON | ON/OFF of JUST CLOCK | 0| Filter OFF OEO
P filter selection bit. 1| Filter ON H
Rt PR Nothing is assigned. X1 X
et RMTSEL | Remote control header 0] Noreverse OEO
polarity selection bit 1| reverse :
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

38. Address 3316 (=DAS5 to 0)

DD15 DD8DD7 DDO

Bit symbol Bit name Function RiwW
RMHTD1(0) SR;;nCc:itsncg;trol header length (Fizfg:etsoszl\zllz;ltDO (0) to (8) OEO
RMHTD1(1) OEO
RMHTD1(2) oéo
RMHTD1(3) oéo
RMHTD1(4) OEO
RMHTD1(5) O:O
RMHTD1(6) O;O
RMHTD1(7) O:O
RMHTD1(8) O;O

Clock division value of remote | Clock division value for Remote control tolerance period

FILDIVO control pulse selection bit measurement is selected. (Note 1) O:O
FILDIVO | Sub clock divided value H
0 No divided H
1 2 :
Reserved bit Must set to "0. " OEO
Filter ON/OFF of remote control| 0 | OFF :
FILON pulse selection bit (Notes 2, 3) [1 [ oN OEO
Synchronous detection 0 [ Reset E
VERTX h '
reset bit 1 | Horizontal synchronized signal count O:O
Reserved bit Must set to "0. " OEO
FILDIV1(0) | Fiter of remote control clock | [FILDIV(1) | FILDIVI(0) [5ub dock dvied velue
divide value selection bit 0 0 2 O:O
0 1 4 :
FILDIVA(1) : 2 2 —loio

Notes 1. Refer to RMHTDO (0) to (8) (address 3216)
Notes 2. Change these bits at initialization and do not rewrite during remote control receive.
Notes 3. The remote control pulse filter is only for the sub clock. Set it to OFF

when the sub clock is not mounted.

39. Address 3416 (=DAS5 to 0)

DD15 DD8DD7 DDO
LLL LT LT L [ofrft]t]ofo]o]o] ,
E : : : : : : : : : : : : : : : Bit symbol Bit name Function R'W
i : : E E : : : ---L'----J-L-'-- Reserved bits Must set to "7016." X EO
'_'.'__'.' ' ' Reserved bits Must set to "DD16" when EPG-J is % EO
acquired. '
Otherwise, set to "0016." !
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

40. Address 3516 (=DAS5 to 0)

DD15 DD8DD7 DDO
lofofofofoftft ] [ [ [ [T []]] ,
e Bit symbol Bit name Function RIW
i -1 HINT LINEO H_IN'I_' inte_rruption position Aperiod_ aﬂe_rV is inputted until OEO
' - selection bit H_INT rises is counted. :
-| HINT_LINE1 v I 00
R T S SR HINT_LINE2 Ho o= oYe)
: P - [TTTTTTTTTTTTTI :
: -+ HINT_LINE3 HONT M OEO
A -| HINT_LINE4 (%- OO0
[ T T T T T 8 il
N 202" HINT_LINEn :
L T T D B | n=l [
RREREE HINT_LINES ©:0
R SRECLEEEEETIEEE HINT_LINE6 0:0
R SERCEECEEEECEED HINT_LINE7 00
: : ; S UGRREECEEEETPEEEPRERE HINT_LINES olle}
i R EEEEEEEEEEEEEEE Reserved bits Must set to "1." OEO
""""" dtTmmtTooosomssosssoossses=ooo=o9 0 Reserved bits Must set to "0." S ©)
R LR LR LR L LR EEEEEEEEEEEEERE Reserved bit Must set to "0." o0
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

41. Address 3616 (=DAS5 to 0)

DD15 DD8DD7 DDO

Bit symbol Bit name Function R W

VINTO SLICEON interruption control test bit | 0000 : Interrupt disabled (Note 3) OEO
1011 : Interrupt enabled H
VINT1 Others : Do not set up 0.0

When the period of data acquisition 1
VINT2 expires, the interrupt occurs by setting OEO
these bits to 1011. 1
Set up the TB5IC register (Note 4) !
VINT3 when use by “Interrupt enabled.” o0

INTRMTO | Remote control interruption 0000 : Interrupt disabled (Note 3) 0.0

control bit (Note 1) 1010 : Interrupt enabled :
INTRMT1 Others : Do not set up o0
Set up the TB4IC register (Note 4)
INTRMT2 when use by “Interrupt enabled.” OEO
INTRMT3 o0

HINTO HINT interruption control test [ 0000 : Interrupt disabled (Note 3) loYe)

bit (Note 2) 1001 : Interrupt enabled
HINT1 Others : Do not set up OEO
Set up the TB3IC register (Note 4)
HINT2 when use by “Interrupt enabled.” OO0
HINT3 .0
SECINTO | Clock timer interruption 0000 : Interrupt disabled (Note 3) oio
control bit 1000 : Interrupt enabled (Note 5) :
SECINT1 Others : Do not set up O:O
Set up the TB2IC register (Note 4) ;
SECINT2 when use by “Interrupt enabled.” OEO
----------------------------------------- SECINT3 leYe)

Notes 1. Refer to 15.6 Expansion Register Construction Composition.

Notes 2. Refer to the function of HINT_LINEn (Address 3516.)

Notes 3. Set these bits to 0000 when use the interrupt of Timer B2, Timer B3, Timer B4, or Timer B5.

Notes 4. Refer to Figure 6.3 Interrupt Control Registers.

Notes 5. When the second counter (Address 3916) is changed, an interrupt is generated every 1 second.

Notes 6. Please do not change data after setting initial data to address 3616 corresponding interrupt
control bit VINTi, INTRMTi, HINTi, and SECINTi (i = 0 to 3) when you use the SLICEON, remote
control, HINT, and the clock timer interrupt.
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

42. Address 3716 (=DAS5 to 0)

DD15 DD8DD7 DDO

e Bit symbol Bit name Function R EW
-1 YUKOUO(0) | Remote control header Refer to RMTHDO(0) to (8) 0:0

judging pulse length (Address 3216) 1

Lo selection bit 0 :
Dot YUKOUO(1) o
s YUKOUO(2) oo
JTCPRRR YUKOUO(3) O:0
T YUKOUO(4) o0
Pt YUKOUO(5) o0
e SSREREEELTEEEEEELEE Nothing is assigned. X X
e e ] YUKOU1(0) [ Remote control header Refer to RMTHDO(0) to (8) OEO

judging pulse length (Address 3216) H

i selection bit 1 1
 RLCCETEEEERERRRRE YUKOUA(1) (o}l
e YUKOU1(2) 0o
T YUKOU1(3) O:0
L S SGRCECECITEEREPEPRPEPREE YUKOU1(4) o:0
T P YUKOU1(5) 00
e Nothing is assigned. X1

43. Address 3816 (=DAS5 to O)\
DD15 DD8DD7 DDO

[o[o]o[o]ofofo]o]ofo]ofofofo]o]o] |
R Bit symbol Bit name Function Raw
oo toatosaa i taa .| Reserved bit Must set to "0." O:0
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DAS5 to 0)

DD8DD7

44. Address 3916 (

DD15

M306H7MG-XXXFP/MC-XXXFP/FGFP

DDO

s-ssseseseo-o-o-o| SECOUTS

DAS5 to 0)

DD8DD7

R

45. Address 3A16 (

DD15
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

46. Address 3B16 (=DAS5 to 0)

[AENARERNARNRNANN
i : : Vo E I E : : : : : : : : Bit symbol Bit name Function REW
-1DAYCUONTO | Clock Timer Day Setting Bit | Set days of the clock timer. OEO

The settable value are 0 to 65535. .

Dol DAYCUONT1 OEO
A DAYCUONT2 OEO
SR DAYCUONT3 OEO
U DAYCUONT4 OEO
D EGRREREEERRES DAYCUONT5 OEO
R — DAYCUONT6 OEO
L —— DAYCUONT? OEO
S DAYCUONT8 OEO
S — DAYCUONTY OEO
T TR DAYCUONT10 OEO
e R DAYCUONTA1 OEO
S DAYCUONT12 OEO
e DAYCUONT13 OEO
SRR DAYCUONT14 OEO
e DAYCUONT15 OEO
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

47. Address 3C16 (=DAS5 to 0) (Note 1)

DD15 DD8DD7 DDO
Bit symbol Bit name Function RIW
Remote control transmission | Start and the stop of wave form output is selected. OEO
RMTSTART | start bit 0: Stop H
1: Start :
IRPOL(0) Carrier selection bit The output mode of remote control transmission OEO
wave form is selected.
IRPOL(1) 000: External wave, Carrier and AND output. '
010: External wave, Carrier and OR output.
101: Only external wave is output (carrier none.) !
IRPOL(2) Additionally: Setting prohibition. :
RMCDIV(0) | Carrier clock source Carrier's clock source is selected. G0
selection bit 00: The main clock (There is not dividing frequency.) [ !
01: 2.5 dividing of the main clock. H
RMCDIV(1) 10: 8 dividing of the main clock.
11: Setting prohibition. '
RMTDIV(0) | External wave clock source The clock source of external wave is selected. O:0
selection bit 00: The main clock (There is not dividing frequency.) H
01: 8 dividing of the main clock. :
RMTDIV(1) 10: 64 dividing of the main clock. !
11: 256 dividing of the main clock. 5
RMT_TM(0) | External wave clock dividing | Dividing frequency value which is selected by oio
frequency value setting bit | RMTDIV(1, 0) :
RMT_TM(1) Set RMT_TM. '
7 H
RMT_TM(2) RMT_TM = 202”- RMT_TMO(n)
RMT_TM(3) :
RMT_TM(4) 5
RMT_TM(5) :
RMT_TM(6) :
RMT_TM(7) :

Note 1. Refer to 14.6 "(6) Remote control transmission function."
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M306H7MG-XXXFP/MC-XXXFP/FGFP

14. EXPANSION FUNCTION

48. Address 3D16 (=DAS5 to 0) (Note 1)

DD15

DD8DD7 DDO

Bit symbol

Bit name

Function

RMT_TML(0)

RMT_TML(1)

RMT_TML(2)

RMT_TML(3)

RMT_TML(4)

RMT_TML(5)

RMT_TML(6)

RMT_TML(7)

Carrier L period setting bit

Carrier's L period is set.

7
RMT_TML = ZO 2" RMT_TML(n)
n=

RMT_TMH(0)

RMT_TMH(1)

RMT_TMH(2)

RMT_TMH(3)

RMT_TMH(4)

RMT_TMH(5)

RMT_TMH(6)

RMT_TMH(7)

Carrier H period setting bit

Carrier's H period is set.

7
RMT_TMH =X 2"+ RMT_TMH(n)

49. Address 3E16 (=DAS5 to 0) (Note 1)

DD15

DD8DD7 DDO

Note 1. Refer to 14.6 "(6) Remote control transmission function."

Py Bit symbol Bit name Function R EW
P RMTTXINT(0) | Remote control transmission| 0000: Interrupt prohibition (Note 2) |0l
interrupt control 0001: Interrupt permission '
A RMTTXINT(1) | (Note 1, Note 4) Additionally: Setting prohibition
N . Please set INT2IC register when using '
RMTTXINT(2) it by "Interrupt permission." H
P RMTTXINT(3) E
Reserved bit Must set to "0." X O
Rty R ALGLoEEEEEEETEPEPTREEEEE Nothing is assigned. XX
P84 output signal selection | 0: Normal setting (When use P84 1/0 OEO
---------------------------------------- IROUT_SLICEON | bit 2 (Note 3) port or INT2 interrupt.) :
1: Remote control transmission pulse !
output
''''''''''''''''''''''''''''''''' Reserved bit Must set to "0." X O
Notes 1. Refer to 14.6 "(6) Remote control transmission function."

N
N

N

otes 2.
otes 3.

otes 4.

transmission interrupt.

Set and use 00002 when use INT2 interrupt.
Set "1" to bit b4 of port P8 direction register when use the remote control transmission
function.

Please do not change data after setting the initialization data to remote control
transmission interrupt control bit RMTTXINT(i) (i = 0 to 3) when you use the remote control
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M306H7MG-XXXFP/MC-XXXFP/FGFP 14. EXPANSION FUNCTION

50. Address 3F16 (=DA5 to 0) (Note 1)

DD15 DD8DD7 DDO
Bit symbol Bit name Function RIW
Nothing is assigned. XiX
Reserved bit Must set to "0." x:0

Note 1. Refer to 14.6 "(6) Remote control transmission function."

51. Address 4016 (=DA5 to 0)

cD15 CD8CD7 CDO

A A Bit symbol Bit mane Function RiwW
i : : : : : : : : : : : : : : *---1 FPLS_MINO | Fixed length pulse lower The fixed length pulse lower OEO
e bound value setting bit bound value is set. (note 1) H

R b PR FPLS_MIN1 olle)
C— FPLS_MIN2 0:0
P LAt FPLS_MIN3 (ofle)
P REAREREED FPLS_MIN4 o0
P S iohaREt FPLS_MIN5 0:0
I AREREECEELEEED FPLS_MING 00
R EEEELEEEEEEEEEEE FPLS_MIN7 O:0
: P : FPLS_MAXO0 | Fixed length pulse upper The fixed length pulse upper OEO
1o 1 bound value setting bit bound value is set. (note 1) '

P ' FPLS_MAX1 lelle)
FPLS_MAX2 o0
S roLs ks oo
P FPLS_MAX4 00
Pop TTTTTTmmmmmmmmmmsssmmsessomenoonmeoes FPLS_MAX5 olle)
T FPLS_MAX6 o0
"""""""""""""""""""""""" FPLS_MAX7 00

*Note 1: The fixed value pulse is a pulse ("H" or "L" part) where 0/1 is not judged. It does according to enhancing register VBITPOL
(Address 4316 and bit 13) at H period of 0/1 judgments or it does at L period or it selects it.
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52. Address 4116 (=DAS5 to 0)

CD15 CD8CD7 cDO

A A R A Bit symbol Bit name Function RiwW
P DTO_MINO | "0" data pulse length lower | "0" data pulse length lower bound 00

R bound value setting bit value is set. !
Pl teeee| DTO_MINY o0
bl DTO_MIN2 oo
R Lt DTO_MIN3 (O4®)
R REECREEEEN DTO_MIN4 o0
Dol e DTO_MINS o0
S EROEEEEEEEEEE DTO_MING o0
R ERGRGneEEETELE DTO_MIN7 o0
-------------------------- DTO_MAX0 | "0" data pulse elder limit value | "0" data pulse elder limit value is set  |O!O

setting bit 1
S EEELELEEEEEEEEEEEEE DTO_MAX1 o0
S REERCEEEEEEEEEEEEEEE DTO_MAX2 (O1®)
oo DTO_MAX3 (O4@)
"""""""""""""""""""" DTO_MAX4 00
"""""""""""""""""""""" DTO_MAX5 O:0
""""""""""""""""""""""" DTO_MAX6 o0
--------------------------------- DTO_MAX7 olle)
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53. Address 4216 (=DAS5 to 0)

CD15 CD8CD7 CDO

A Bit symbol Bit name Function RiwW
DT1_MINO [ "1" data pulse length lower "1" data pulse length lower bound OEO

o bound value setting bit value is set. H
b1 te-----| DTI_MIN1 00
L] DT1_MIN2 o0
Lt DT1_MIN3 G0
R REECREEEES DT1_MIN4 o0
H  REEEEEELEEED DT1_MIN5 0.0
L LR EEE DT1_MING 0.0
R ERGRGneEEETELE DT1_MIN7 o0

"""""""""""""" DT1_MAX0 ["1" data pulse elder limit value | "1" data pulse elder limit value is set. .0

b setting bit
EARELEELEEEE LR DT1_MAX1 OEO
e DT1_MAX2 OEO
D SLRRTETE R DT1_MAX3 OEO
"""""""""""""""""""" DT1_MAX4 O;O
R EEEEEEEEEE e DT1_MAX5 OEO
RGGCCOEEELLEEEEIREELEERREEREORE DT1_MAX6 OEO

DT1_MAX7 0:0
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54. Address 4316 (=DAS5 to 0)

CD15 CD8CD7 CDO
Bit symbol Bit name Function RiwW
MAXBITO The maximum reception The number of maximum reception 0.0
bit number setting bit bits is set. !
MAXBIT1 0:0
MAXBIT2 o:0
MAXBIT3 (Ofl@)
MAXBIT4 00
MAXBIT5 O:0
MINBITO Minimum reception bit The number of minimum reception OEO
number setting bit bits is set. H
MINBIT 00
MINBIT2 o0
MINBIT3 o:0
MINBIT4 O.0
MINBIT5 00
i i 0:1t receives it with MSB.
RMTLSB L_SB/MSB reception selection : i 00
bit 1:It receives it with LSB. H
0:0/1 is judged at L period. :
VBITPOL | 0/1 judgment level selection bit — - 00
Jucg v I ! 1:0/1 is judged at H period. !
INTSEL Interrupt selection bit 0:After it matches it, interrupt is :
generated. '
1:When a reception of the data of OIO
the 16th bit and the maximum data E
are received, interrupt is generated |
i 1:When "1" is written from the !
GET_DATA | Bit that takes data reception buffer in the reception !
register, the data of the reception .
buffer is written in the reception x :O
register. H
(The value when reading itis 0. ) '
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M306H7MG-XXXFP/MC-XXXFP/FGFP
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56. Address 4516 (=DAS5 to 0)

[NRNRRENERRNRNNRN
EEEEEEEE R T Bit name Function Rw
A RMTDAO Reception register The received data ("H" data 0/1 OEX
judgments by the period of "L") H
N is stored. :
P t------| RMTDAT O
Do R RMTDA2 OEX
RMTDA3 Oéx
,,,,,, RMTDA4 QEX
BN E TR RMTDA5 OEX
P E EEAGLLECEE T RMTDA6 OEX
R RMTDA7 OEX
 CRIGRETITLLPELES RMTDA8 O;X
e ARG EEEEELEEEEEEEEEED RMTDA9 OEX
— RMTDA10 OEX
D SRCLLRREEEEEEETTEPROPTII RMTDA11 OEX
"""""""""""""""""""" RMTDA12 OEX
"""""""""""""""""""""" RMTDA13 OEX
""""""""""""""""""""""" RMTDA14 O;x
"""""""""""""""""""""""""" RMTDA15 OEX
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14.6 Expansion Register Construction Composition
(1) Acquisition timing
The SLICEON signal is output in the acquisition possible period.

The first field Vertical blanking erase period pulse
Acquisition possible period !
WL(M\J_LI_UTU_\_H_H_H_H_I'U_U_U_U_U U 1 I ﬁh I U U LI_LWLINM\J

i
%2 %3 6% 62° 1 3 4 54 7 8 9 19 20 21 22 23

SLICEON output period

The second field

W uuuﬁ?‘uuuuuthm

310 311 312 313 314 315 316 317 318 319 320 321 331 332 333 334 335 336

The scanning lines number in figure is corresponds to slice RAM.

This is the line to support when the PAL video signal is sliced and setting the expansion registers to
VPS_VP8 to VPS_VPO (bits 8 to O in address 2916) = "416".

Figure 14.11 Expansion register access registers composition

(2) Synchronized signal detection circuit
The number of pulses of the horizontal synchronized signal of a compound video signal is counted during a fixed

period. The horizontal synchronous number of pulses can always be read from an expansion register.
A block diagram is shown in Figure. 14.12.

Address bus

Data bus

I

The arbitration circuit for
expansion registers

Latch

T

Q
HOR—® T 16bit counter

Possible to count C00016 at maximum.

Figure 14.12 Block diagram of Synchronized detection circuit
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(3) Register related to Slicer

The relation between V, H signal, and the register related to slicer is shown in Figure. 14.13 and Figure. 14.14.

V after 2

D)

L

SYNC separation

VPS_VP 0 to 8 (address 2916)
Setting the slice start line

After V input
The first line The second line

H after

b))

The nth line The (n+1)th line The (n+17)th line

«

.

SYNC separation

Iy

i Ontheo

dd field
! LNO_OD1 ! LN1_OD1 LN17_OD1
3 LNO_ODO | LN1_0D0 LN17_ODO
| On the even field | On the even field ! i On the even field !
3 LNO_EV1 i LN1_EV1 : '\ LN17_EV1 :
! LNO_EVO LN17_EVO

Selection of a state register (addresses 00 to 0516)
(18 lines)

Uﬂ|—||_|ﬂ|—|&’u-l]l—|uﬂ

After slice start |
iThe Oth line | The 1th line!

‘The 17th line!

! On the odd field | ! On'the odd field |

i LN1_EVO

NN

Figure 14.13 Register related to slicer (1)

Clock

SELVCO, DIVSO to 1
(Addresses 06, 0D, 1416)
Selection of the clock for slice
HOGO2(Addresses 09, 10, 1716)
Selection of the clock for
data acquisition

GETPEEK2
(Addresses 0A, 11, 1816)
Selection of the clock
compensation after
a peak detection
period end

Clock run-in

JUTIUUAIOL

GET_HPO to 1
(Addresses 0A, 11, 1816)
Phase adjustment

Framing code

AN

Data

]

SL
Slice

UL

>LVLO to 1(Addresses 09 10, 1716
level measurement period selectiol

H after
sync separation

6 cycles
GETPEEK3
(Addresses 0A, 11, 1816)
A mountain and valley
detection selection

Fixed

|

SLS_HPO to 7(Addresses 0A, 1

Fixed

1, 1816)

N

L]

i

FLCOto 15

(Addresses 07, 0C, 1316)
Framing code selection
CHK_FLCO to 15
(Addresses 08, 0D, 1416)
Framing code check selectior

Setting slice check start position

BIFON(Addresses 07, 0C, 1316)
Data formal selection

Figure 14.14 Register related to slicer (2)
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14. EXPANSION FUNCTION

(4) Remote control pattern recognition

Pattern matching of remote control is performed using a sub clock oscillation. Remote control input is input from

RMTIN terminal. Interruption is generated when pattern matching is in agreement.

4 times match noise filter is being included, in front of the pattern matching circuit. A block diagram is shown in

Figure 14.15.

The example of a waveform of pattern matching is shown in Figure.14.16. The flow of pattern matching is shown

in Figure.14.17.

Interruption

Control interrupt request

Sub clock fc
FILDIVA(1, 0) )| dvider | FILDIVO S'/VEB"SQI.ZL
bit bit
\4 ¥
P94/TB4in Four time || Polarity | | Header pattern | |
/RMTin agre_ement selection match circuit
Filter
4
T T A period:RMTHDO
; i C period:RMTHD1
bit oit D period:YUKOU1
Port 94 perioc:
Input buffer P Timer B4

b

INTRMT3 to 0
bit

Timer B4 interrupt

Figure 14.15 Remote control pattern recognition block diagram

RMTIN ———

I | | I
I bt>D | | |
| I I | [ I
I I I | | I
| I I | | I
A C
I > et | | | I
I I I | | I
I I I | | |
| I I | [ I
I I I | | I
| Header  Odata 1 data |
- | > | ™
| | | | | |
The number of registers | At maximum check time
A "L" check programmable 9 bit 15.6 ms
B Check of a rising edge 6 bit 3.8 ms (Note 2)
(e} "H" check programmable 9 bit 15.6 ms
D Check of a falling edge 6 bit 3.8 ms (Note 2)

(Address 3316) is set to "1".

Note 1. 1bit unit 32.768kHz (a part for one clock)
Note 2. The maximum check period of B and D is the values when enhancing register FILDIVO

Figure 14.16 Example of waveform of pattern matching
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[Initial pulse waiting stateJ

Detect a
falling edge?

Yes

Retain
the "L" state
during A?

Yes

Detect
a rising edge
during B?

Yes

Retain
the "H" state
during C?

Yes

Detect
a falling edge
during D?

Yes

[ Interruption generating}

Figure 14.17 Flow of pattern matching

4 times match process operation

This is a 4 times match digital filter using the sub clock oscillation. The input signal of the RMTin pin is sampled
4 times and the output level will change only when the level matches 4 times. When using this filter, set the
FILON bit (bit11) in the expansion register 33H to "1". The signal after passing 4 times match filter is applied to
the header pattern matching circuit and timer B4 at filter ON. The sampling rate can be changed by the FILDIV1
(1, 0) bit in the expansion register 33H. Refer to the FILDIV1 bit of the expansion register 33H function
description for details. The input signal is through supplied to the latter circuit at filter OFF. (no clock
delay).Since this filter operates only with the sub clock and cannot be used for the main clock, set the filter to OFF
(FILON bit ="0") when the sub clock is not mounted.

(5) Clock timer function
The sub clock is selected as the count source and the clock timer can set and read the count value every day,
minute and second. It has the following functions.

Clock function

1.This timer is dedicated clock function which is independent from timer A and timer B.
2.The settable ranges of day, minute and second are 0 to 65535 days, 0 to 1439 minutes and 0 to 59 seconds.
3.Second just setting is available (reset the count value of less than second).

1 second interrupt

1.The interrupt request is generated when second of the clock timer is incremented.
(The interrupt request is not generated at the second just setting.)
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(6) Remote control transmission function
The career is synthesized to two kinds of pulses of external wave, and the remote control transmission circuit is
output from the microcomputer pin.
The specification of the remote control transmitter is shown in Table 14.5, The remote control transmission circuit
output wave form is shown in Figure 14.18, and The remote control transmission circuit block chart is shown in

Figure 14.19.

The feature is shown below.

* Career is a continuous pulse of the arbitrary width obtained by dividing the main clock (Figure 14.18 Wave

forms 2 and 3.)

* External wave is a shape of waves generated from the transmission data buffer with reading pin output value

("H"/"L") and the pulse width one by one (Figure 14.18 Wave form 4.)

* The shape of waves that can synthesize the career to external wave is output from the pin (Figure 14.18 Wave

form 5.)

Table 14.5

Specification of remote control transmission function

Item

Specifications

Count source

Carrier: Selection from f1 (There is not XIN dividing frequency), f2.5 (XIN 2.5
dividing frequency), and f8 (XIN 8 dividing frequency.)
External wave: Selection from f1 (There is not XIN dividing frequency), f8 (XIN
8 dividing frequency), f64 (XIN 64 dividing frequency), and f256
(XIN 256 dividing frequency.)

Count operation
(carrier)

@® Down count

® The register for “H” width setting is read by standing up about the pulse, and
it continues the count.

® The register for “L” width setting is read by standing up about the pulse, and
it continues the count.

Comparing of dividing
frequency (carrier)

@ “H” period and “L” period are 1 to 256.

Count operation
(external wave)

® Down count

@ Wave form output value (“H’/“L”) and the count value are read from the
remote control transmission data buffer with stand up/fall down of the pulse,
and the port output and the count are continued.

Comparing of dividing
frequency (external
wave)

1 1o 16384 (14bit)

Start of counting
condition

The remote control transmission start bit is set to “1.”

Count stop condition

® The remote control transmission start bit is set to “0.”
® After the untransmission data number reference bit is empty and the count
value is underflow

Interrupt generation
timing

® \When external wave stand up/fall down (When the value of the interrupt
setting bit read from the remote control transmission data buffer is only 1. )

Remote control
transmission mode

® OR output of career and external wave
® Only external wave is output (carrier none.)
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(F1/f2.5/f8)

}

{H period: L period |
2) Transportation wave form
(axis expansion of time)

3) Transportation wave form
(axis reduction of time)

[
E

4) External wave form

A

TO period

5) P8-4 pins wave form

6) Interrupt request signal

| I

Figure 14.18 Remote control transmission circuit output wave form

14. EXPANSION FUNCTION

H period|] JIL periodl
Clock
v Remote control

1 1

1 1

1 1

1 1

1 1

1 f1—. 1 t ..

ransmission pulse

L 25— e~a—>] y_ Cereer [INTUMMARMIUMIANT P

1 1

1 1

* * 2 El ... Register
WR

Career timer >
18— _Junmmn_nan__
L ! External
A Career generation part wave
....................... Y External wave generationpart | _______ o eccccccmcececee—a————
] 1
- f underflow :
' 8 —o g »| External wave generation circuit '
i f64 —@ i
: 256 —@ 7 A _ Interrupt
L 1
i Clock request 1
1
’ LTI ’
] 1
1 1
1 | ( 1
! Remote control b15'| Lb13 bOJI ;
1 i i 1 e : ) :
Y B transmission data buffer - t| |External wave pulse period set bit) :
i ﬁ IS (FIFO 7 words) £ 1 Interrupt setting bit i :
] 1
1 Ic | 3 ) o ' External wave output data 1 :
i o o d o i setting bit ' :
: e — 3 o - :
1 ]
i g l—» > £ :
: E ----- g :
! = P P o '
1 n: :
i le—2 ;
P f— 1 t :
' Writing-in Number of Reading-out (g H
: counter untransmission data| counter i
: :
] 1
1 1
1 1
1

Figure 14.19 Remote control transmission circuit block chart
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Remote control transmission data buffer register

DD15 DD8DD7 DDO

Symbol Address When reset

— T T RMT_TMHL 20016 000016
A Bit symbol Bit name Function RIW
Porobon b by s-=-| RMT_TMHL (0) External wave pulse period [ When writing in: Set one pulse period of the remote OEO
[ [ [ [ setting/Untransmission data control transmission external wave. H
Vo RMT_TMHL (1) number reference bit When reading out: The number of data (number of :

untransmission data) that remains in the remote '
. RMT_TMHL (2) control transmission data buffer is read out. H

RMT_TMHL (3)

RMT_TMHL (4) :

RMT_TMHL (5) '

RMT_TMHL (6) H

RMT_TMHL (7)

RMT_TMHL (8)

RMT_TMHL (9)

R RMT_TMHL (10) :

B ERRRCELEECELEEEELE RS RMT_TMHL (11) :

S RERERCEECEECEELEECEETERTEEEERtE RMT_TMHL (12) :

S RMT_TMHL (13)

[ Interrupt setting bit The presence of the interrupt generation is specified at |O!O
R RMT_TMHL (14) the change of the external wave output. H
: 0:The interrupt request signal is not generated.
1:The interrupt request signal is generated. H

e External wave output data The remote control transmission external wave data H
RMT_TMHL (15) setting bit is set. O:O

Figure 14.20 Setting of enhancing register (Only the part related to the remote control
transmission.)
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14.7 8/4 Humming Decoder

8/4 humming decoder operates only by written the data which is 8/4 humming- encoded to 8/4 humming register
(address 021A16). 8/4 humming register consists of 16 bits, can decode two data at once. Can obtain the decoded
result by reading 8/4 humming register, and the decoded value and error information are output. Corrects and
outputs the decoded value for single error, and outputs only error information for double error. Decoded result is
shown in Figure 14.21 and humming 8/4 register composition is shown in Figure 14.22.

Humming data (2) Humming data (1)
MSB| | | | | | ['SBIMSB} | | | | | |LsB
Writing
Address
021A16 8/4 humming register
Reading
\ 4
Error information Error information Decode value Decode value
) (1) 2) (1)
0] 0] | 010 I MSB | | | LSB | MsSB| | | LSB
“1” output when “1” output when single error
single error

“1” output when double error
“1” output when double error

Figure 14.21 Decoded result

Humming 8/4 register

Function R W

b15 b8 b7 b0
Symbol Address When reset
HM8 021A16 000016

8/4 humming decoder operates only by written the data which 8/4 humming-decoded to 8/4| |
humming register. Can obtain the decoded result by reading this register, and can decode 2| ofo
couples of data at the same time. !

Figure 14.22 Humming 8/4 register composition
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14.8 24/18 Humming Decoder

24/18 humming decoder operates only by written the data which is 24/18 humming-encoded to 24/18 humming
register 0 (address 021C16) and 1 (address 021E16). Can obtain the decoded result by reading the same 24/18
humming register, and the decoded value and error information are output.

Decoded result is shown in Figure 14.23 and humming 24/18 register composition is shown in Figure 14.24.

Humming data H Humming data M

‘ ‘ Humming data L
LV I I O A 1

N Y I B
Writing Writing
Address | i Address
021E16 24/18 humming register 1 24/18 humming register 0 021C16
Reading ¢ Reading
Error information D\Zﬁge ‘ Decode value J
0/0]0JO] | | | |0]0JOJO| |O]|uss I S ) I ) Y I Y

| -_
“1” output when single error

The mistake by one pile is corrected and output.
“1” output when double error

Figure 14.23 Decoded result

Humming 24/18 register 0

b15 8 7 0
Symbol Address When reset
HMO 021C16 000016
Function R'W

24/18 humming decoder operates by two ways : writing data low-order and middle-order 16 i
bits to this register and writing data high-order 8 bits to humming 24/18 register 1 (021E16). OO
Can obtain the decoded result by reading this register and humming 24/18 register 1. I

Humming 24/18 register 1

b15 8 7 0

Symbol Address When reset
HM1 021E16 000016
Function RW

__________________ 24/18 humming decoder operates by two ways : writing data low-order and middle-order 16 | |
bits to humming 24/18 register 0 (021C1s) to this register and writing data high-order 8 bits 1

to this register. (e)fe}
Can obtain the decoded result by reading this register and humming 24/18 register 0.

Figure 14.24 Humming 24/18 register composition
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Continuous error correction
When uses humming 8/4 (address 021A16) at the same time as humming 24/18, can do the continuous error
correction.
Continuous error correction sequence is shown in Figure 14.25.

A | Humming data (1)| Humming data (1)‘ . Writes data A to address 021C16 and writes data B to address
M L 021E16. (Setting the humming data (1) and L of humming data (2).)
Humming data (2)] _Humming data (1) . Reads addresses 021C16 and 021E16 data (Obtains the decoded
B | L | H ‘ value and error information on the humming data (1)).
. Writes data C to address 021A16 (Setting H and M of the humming data (2)).
| Humming data (2)| Humming data (2)‘ . Reads addresses 021C16 and 021E16 data (Obtains the decoded value
¢ H M : . :
and error information on the humming data (2)).
Humming data (3)]  Humming data (3) . Writes data D to address 021C16 and writes data E to 021E16 (Setting
D | M | L ‘ the humming data (3) and L of humming data (4).)
. Reads addresses 021C16 and 021E16 data (Obtains the decoded value
£ | Humming data (4)| Humming data (3)‘ and error information on the humming data (3)).
L H . Writes data F to address 021A16 (Setting H and M of the humming data (4)).
. . . Reads addresses 021C16 and 021E16 data (Obtains the decoded value
F | H“mm';g data (4)| H“mm",\'/? data (4)‘ and error information on the humming data (4)).

Figure 14.25 Continuous error correction sequence

Then, because using a part of circuit of humming 8/4 about this operation, cannot use this operation at the
same time.

When using the humming circuit, do the decoded result reading operation at once after the setting data of
humming. And do not access other memories (Including the humming circuit) before reading of the decoded
result.
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14. EXPANSION FUNCTION

14.9

1/0 Composition of pins for Expansion Function

Figure 14.26 and figure 14.27 show pins for expansion function.

V,
CVIN1 oz =0
[
input  O——&——— for slicer
(Note 2) f
Vss 777
SYNCIN . _—
from internal circuit to internal circuit
VDDZ
L— from internal circuit
input ’ L;
(Note 2) f to internal
: circuit
Vss 777
Vss2
VDDZ?
LP3, LP4
>_‘ VDDZ&
i x x
from internal circuit 3 ‘, QO output
* % T (Note 2)
Vss 777
Vss2 7;7 to internal circuit

Notes 1. Refer to expansion register composition (Address 351s.)

Notes 2. -~ ) S This is a parasitic diode.

The applied voltage to each port should hot exceed Vcc.

(Vee: Ve for CVIN1T and SYNCIN, and Vobz for LP3 and LP4.)

Figure 14.26

Pins for expansion function (1)
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14. EXPANSION FUNCTION

VccOFF
input »————> to internal circuit
STARTB Veece -
[
input O q‘ Do—[>c to internal circuit
x
Vss 777
Note 1. - i S This is a parasitic diode.
The applied voltage to each port should hot exceed Vcc.
(Vce=Veez)

Figure 14.27 Pins for expansion function (2)
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15. Programmable 1/O Ports

The programmable input/output ports (hereafter referred to simply as “I/O ports™) consist of 79 lines PO toP9 (except
P85). Each port can be set for input or output every line by using a direction register, and can also be chosen to be or
not be pulled high every 4 lines. P85 is an input-only port and does not have a pull-up resistor. Port P85 shares the pin
with NMI, so that the NMI input level can be read from the P8 register P8_5 bit.

Figures 15.1 to 15.5 show the I/O ports. Figure 15.6 shows the I/O pins.

Each pin functions as an I/O port, a peripheral function input/output.

For details on how to set peripheral functions, refer to each functional description in this manual. If any pin is used as
a peripheral function input, set the direction bit for that pin to “0” (input mode). Any pin used as an output pin for
peripheral functions is directed for output no matter how the corresponding direction bit is set.

15.1 Port Pi Direction Register (PDi Register, i =0 to 9)

Figure 15.7 shows the direction registers.

This register selects whether the I/O port is to be used for input or output. The bits in this register correspond one
for one to each port.

No direction register bit for P85 is available.

15.2 Port Pi Register (Pi Register, i =0 to 9)

Figure 15.8 show the Pi registers.

Data input/output to and from external devices are accomplished by reading and writing to the Pi register. The Pi
register consists of a port latch to hold the output data and a circuit to read the pin status. For ports set for input
mode, the input level of the pin can be read by reading the corresponding Pi register, and data can be written to the
port latch by writing to the Pi register.

For ports set for output mode, the port latch can be read by reading the corresponding Pi register, and data can be
written to the port latch by writing to the Pi register. The data written to the port latch is output from the pin. The
bits in the Pi register correspond one for one to each port.

15.3 Pull-up Control Register 0 to Pull-up Control Register 2 (PURO to PUR2
Registers)
Figure 15.9 shows the PURO to PUR?2 registers.
The PURO to PUR2 register bits can be used to select whether or not to pull the corresponding port high in 4 bit

units. The port chosen to be pulled high has a pull-up resistor connected to it when the direction bit is set for input
mode.

15.4 Port Control Register

Figure 15.10 shows the port control register.
When the P1 register is read after setting the PCR register’s PCRO bit to “1”, the corresponding port latch can be
read no matter how the PD1 register is set.
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15. PROGRAMMABLE I/O PORTS

POo to P07

P40 to P47, P50 to P54,
P56

P20 to P27, P30 to P37, }

(There are inside
of broken lines)

(There is nothing inside
of broken lines)

Pull-up selection

1

~N

P1oto P14

P15 to P17

P57, P6o, P64, P73, P7s,
P8o, P81, P84, P9o, P92

Data bus —«-—{ Port latch

Data bus —

Data bus ——{ Port latch

51
N
P

N

»—{ Port latch %

]

N

S

S

Pull-up selection
» AN
N

i
: (Note 1)
777

N

,

at

Pull-up selection
P J
N P

Data bus —»—{ Port latch

i
i (Note 1)

Input to respective peripheral functions—@—

Pull-up selection

Direction
register

"" —K\O
Output&i\c

JAN

TS
INCpS

ijgﬂ
-

T

x
i (Note 1)

TLT]

Input to respective peripheral functions —@—

Note 1: -4 - symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed VCC.
(Vcc: Ve for the port P6 to P7 and P80 to P84, and VCC2 for the
port PO to P5, P85 to P87 and P9.)
Figure 15.1 1/0 Ports (1)
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Pull-up selection

__| Direction
P61, P65, P72 register . j T
< o S
N | T—DJ ] i
Output ; ?
Data bus —¢—{ Port latch S
x
L1 1| switching ~[>°4LD>T - (Note 1)
~N between 3_,
CMOS and
Nch

T

Input to respective peripheral functions *@7

Pull-up selection
P82 to P83

—1 Direction register |—

Input to respective peripheral functions

- 1 1d <
> T R
Data bus —e—]| Port latch | }
E x
p i (Note 1)
N 37 ”r
~N

Pull-up selection

—{ Direction register }—
P55, P77, P91, P97 j f

1 =

N ’—DD_‘ :
x

Data bus —¢—] Port latch | j_¢_< )
i
:I I i (Note 1)
< il “
~N
Input to respective peripheral functions é}

Note 1: -4 D BaE symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed VCC.
(Vcc: vee for the port P6 to P7 and P80 to P84, and VCC2 for the
port PO to P5, P85 to P87 and P9.)

Figure 15.2 1/0 Ports (2)
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Pull-up selection
—1 Direction register |—
P62, P66 j j
pd -
N ’TDJ ] |
X
Data bus —¢—] Port latch |
x
1 ' i (Note 1)
~ Switching j_, 777
between
Q CMOS and Nch
~N
Input to respective peripheral functions @
Pull-up selection
P63, P67, P74, P75 ﬁ Direction register }— - ﬁ
s < ; —TDQ = LE e
i x
Qutput | n
Data bus —/ Portlatch e oo }, l 0
x
51 %*LDﬁ © (Note 1)
\1 i i
~N
Switching between CMOS and Nch
-
P8s Iy
Data bus <|I ¢ ©)
x
NMI i i i (Note 1
NMI interrupt input @ 77,7( )
Direction register
P70, P71 i : : "o
< oY
\l |
Output—a |
Databus—¢{  Portlatch  H— oo f—-—o
'y
a1 L[>°—L[>7 i (Note 2)
\1 i i
~N
Input to respective peripheral functions \é}
Note 1: ----4a---- symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed VCC.
(VCC: Vcce for the port P6 to P7 and P80 to P84, and VCC2 for the
port PO to P5, P85 to P87 and P9.)
Note 2: ----4a---- symbolizes a parasitic diode.
Figure 15.3 1/0 Ports (3)
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Pull-up selection
— Direction register | —Dc\—w

P93, P94
e -
x
Data bus —¢— Port latch |
x
)/I—o ADO_L[>>—‘ (Note)
2 il 7
~N
Input to respective peripheral functions @
Pull-up selection
P9s — Direction register |
e "
< fDA 7 s
Data bus —s— Port latch | PR
x
I ~D0—L[>T (Note)
\1 37 ”
~N
Analog input

Pull-up selection

—]| Direction register |
P95 [ rn {>O
e " -

\I ‘
Output—_|
Databus—4{  Portlaich _ H 4o

~N

P

~N

Input to respective peripheral functions @

Analog input

Note: -4 symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed VCC.

(Vcc=Vce2)

Figure 15.4 1/0 Ports (4)
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Pull-up selection

—{ Direction register }—

g
< = e
i .
Data bus —] Portlatch | +—O
1 ﬁ>o—L[>7 J T (Note)
7
< il .
~N
Rf
Pull-up selection
o —! Direction register |- Rd
6
Output FDJ T T x I
Databus —+—|  Portlatch | oo e+ O
gl e | e
< i I
~N
Note: - - symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed VCC.
(vee=vcee)
Figure 15.5 1/0 Ports (5)
-
CNVss f (Note 2)
CNVss signal input @ O
% (Note 1)
7
-
RESET *
RESET signal input @ ¢ O
T (Note 1)
77
Note 1: - ta----- symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.
Note 2: A parasitic diode on the Vcc side is added to the mask ROM version.
Make sure the input voltage on each port will not exceed Vcc.
(Vee=Vce2)

Figure 15.6 /0 Pins
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Port Pi direction register (i=0 to 7 and 9) (Note 1, 2)

Symbol Address After reset
PDO to PD3 03E216, 03E316, 03E616, 03E716 0016
b7 b6 bS b4 b3 b2 b1 X0 pPp4to PD7 03EA16, 03EB16, 03EE16, 03EF 16 0016
LTl ]]] Poo 03F316 0016
Bit symbol Bit name Function RW
v =1PDILO Port Pio direction bit RW
boror 1 ---{PDI_1 Port Pi1 direction bit 0:lnputmode RW
. - — - (Functions as an input port)
ki PDi_2 Port Pi2 direction bit 1 : Output mode RW
Do e PDi_3 Port Pi3 direction bit (Functions as an output port) | RW
R R GERnEtE PDi_4 Port Pi4 direction bit (i=0to7and9) RW
H  EEEEEEEEEEEED PDi_5 Port Pis direction bit RwW
Do PDi_6 Port Pis direction bit RwW
B R GLECEEEEEE PDi_7 Port Pi7 direction bit RW

Port P8 direction register

b7 b6 b5 b4 b3 b2 b1 bo

Note 1: Make sure the PD9 register is written to by the next instruction after setting the PRCR
register's PRC2 bit to “1” (write enabled).

Symbol Address After reset
| PD8 03F216 00X000002
A T symbol Bit name Function RwW
o -1 PD8_0 Port P8o direction bit RW
R ation b 0 : Input mode
oo PD8_1 Port P81 direction bit (Functions as an input port) RW
Do e PD8_2 Port P82 direction bit 1 : Output mode RW
R CGRREEEt PD8_3 Port P83 direction bit (Functions as an output port) [ Ry
P e PD8_4 Port P84 direction bit RW
oo — Nothing is assigned. In an attempt to write to this bit, write “0”.
e (b5) The value, if read, turns out to be indeterminate. -
R S PD8_6 Port P86 direction bit 0:lnputmode RW
! (Functions as an input port)
i o 1 : Output mode
""""""""""""" PD8_7 Port P87 direction bit (Functions as an output port) RwW

Reserved register

b7 b6 b5 b4 b3 b2 bl bo
| ! | ! | 1 | 1 | 1 | 1 | 1 | 1 | Symbol Address After reset
B e T RSVO03F6 03F616 0016
Bit symbol Bit name Function RW
EbO) Reserved bits Must set to "1." RW

Figure 15.7 PDO to PD9 Registers
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Port Pi register (i=0 to 7 and 9) (Note 1)

. set for output mode can be controlled

Symbol Address After reset
b7 b6 b5 be b3 b2 b1 b OfOP3 03EO016, 03E116, 03E416, 03E516 Indeterminate
P4 to P7 03E816, 03E916, 03EC16, 03ED16 Indeterminate
| | | | | | | | | P9 03F116 Indeterminate
Bit symbol Bit name Function RwW
v a4 4 a4 o -PiLO Port Pio bit The pin level on any I/O port whichis [ RW
. Pi 1 Port Pi1 bit set for input mode can be read by RW
Coor o — — reading the corresponding bit in this
o T Pi 2 Port Pi2 bit register. RW
P Pi_3 Port Pi3 bit The pin level on any I/0 port which'is [ Ry

R Pi_4 Port Pi4 bit by writing to the corresponding bit in RW
b Pi_5 Port Pis bit this register RW
- — 0:“L” level
--------------------- Pi_6 Port Pi6 bit 1:*H level (Note 1) RW
------------------------ Pi_7 Port Pi7 bit (i=0to7and9) RW
Note 1: Since P70 and P71 are N-channel open drain ports, the data is high-impedance.
Port P8 register
b7 b6 b5 b4 b3 b2 bl 50 Symbol Address After reset
HERERRER P8 03F016 Indeterminate
S A =T symbol Bit name Function RW
A P80 Port P8 b_lt The pin level on any I/0 port which is RW
A P8_1 Port P81 bit set for input mode can be read by RW
T S P8 2 Port P82 bit reading the corresponding bit in this RW
o — - register.
. P8_3 Port P8s bit The pin level on any 1/0 port which is RW
[ R EEE L P8_4 Port P84 bit set for output mode can be controlled | RW
o ] - by writing to the corresponding bit in
Vo ' P8_S Port P8s bit this register (except for P85) RO
T R ECEEEEEEEEEE P8_6 Port P86 bit 0:“L”" level RW
R P8_7 Port P87 bit 1:7H" level RW

Reserved register

b7 b6 b5 b4 b3 b2 b1 bo

Symbol Address After reset
| 0 | (:) | ? | ? | (? | ? | ? | (:) RSVO03F4 03F416 Indeterminate
Bit symbol Bit name Function RW
EbO) Reserved bits Must set to "0." RwW

Figure 15.8 PO to P9 Registers

Rev.2.10  Oct25,2006 Page2590f326 2XENESANAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 15. PROGRAMMABLE I/O PORTS

Pull-up control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 b1 bo

[(TITTTTIT] %R 03rCre Aore

B AN S N A A 16 0016
Bit symbol Bit name Function RwW
P HPU00 P00 to P03 pull-up 0 : Not pulled high RW
N PUO1 P04 to P07 pull-up 1 : Pulled high (Note 1) RW
e PUO2 P10 to P13 pull-up RW
it PUO3 P14 to P17 pull-up RW
R T P PU04 P20 to P23 pull-up RW
R S PU05 P24 to P27 pull-up RW
e PU0G P30 to P33 pull-up RW
EEE R e e e PUO7 P34 to P37 pull-up RwW

Note 1: The pin for which this bit is "1" (pulled high) and the direction bit is "0" (input mode) is pulled high.

Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset (Note 3)
L] ] PURT 03FD16 000000002

Bit symbol Bit name Function RW
porob o = PUI0 P40 to P43 pull-up 0 : Not pulled high RW
e PU11 P44 to P47 pull-up 1 : Pulled high (Note 2) RW
I PU12 P50 to P53 pull-up RW
ittt PU13 P54 to P57 pull-up RW
R T PU14 P60 to P63 pull-up RW
R PSSR PU15 P64 to P67 pull-up RW
Db PU16 P72 to P73 pull-up (Note 1) RW
ERREEEEEEEEEEEEEEEEEEEEE PU17 P74 to P77 pull-up RW

Note 1: The P70 and P71 pins do not have pull-ups.
Note 2: The pin for which this bit is "1" (pulled high) and the direction bit is "0" (input mode) is pulled high.
Note 3: The values after hardware reset are as follows:

¢ 000000002 when input on CNVss pin is "L"

The values after software reset and watchdog timer reset are as follows:
* 000000002 when PM 01 to PMOO bits of PMO register are "002" (single-chip mode)

Pull-up control register 2

b7 b6 b5 b4 b3 b2 b1 bo

Symbol Address After reset
|><|><|°|0||||| PUR2 03FE16 0016
A A =T symbol Bit name Function RW
E E E E E E E -4{ PU20 P8o to P83 pull-up 0 : Not pulled hlgh RW
e PU21 P84 to P87 pull-up (Note 2)| 1 : Pulled high (Note 1) RW
] PU22 P9o to P93 pull-up RW
R R PU23 P94 to P97 pull-up RW
 EACEREEEEEREEE (b5-b4) Must set to "0" RW
R - Nothing is assigned. In an attempt to write to these bits, write | __
(b7-b6) "0". The value, if read, turns out to be "0".

Note 1: The pin for which this bit is "1" (pulled high) and the direction bit is "0" (input mode) is pulled high.
Note 2: The P85 pin does not have pull-up.

Figure 15.9 PURO to PUR2 Registers
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Port control register

b7 b6 b5 b4 b3S b2 b1 b0 Symbpl Address After reset
PCR 03FF16 0016
' [ Bit symbol Bit name Function RwW
.. PCRO Port P1 control bit Operation performed when the P1

register is read

' 0: When the port is set for input,

' the input levels of P10 to P17 |RW
' pins are read. When set for
output, the port latch is read.

' 1: The port latch is read

: regardless of whether the port
is set for input or output.

Semtestecdoedans SEEEEEE Nothing is assigned. In an attempt to write to these bits,
(b7-b1) write “0”. The value, if read, turns out to be “0”.

Figure 15.10 PCR Register
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Table 15.1 Unassigned Pin Handling in Single-chip Mode

Pin name Connection
Ports PO to P7, P80 to P84, | After setting for input mode, connect every pin to Vss via a resistor(pull-down);
P8s to P87, P9 or after setting for output mode, leave these pins open. (Note 1, 2 ,3)
XouT (Note 4) Open
NMI (P85) Connect via resistor to Vcc (pull-up)
AvVce Connect to Vcc
AVss Connect to Vss

Note 1: When setting the port for output mode and leave it open, be aware that the port remains in input mode until
it is switched to output mode in a program after reset. For this reason, the voltage level on the pin becomes
indeterminate, causing the power supply current to increase while the port remains in input mode.
Furthermore, by considering a possibility that the contents of the direction registers could be changed by
noise or noise-induced runaway, it is recommended that the contents of the direction registers be
periodically reset in software, for the increased reliability of the program.

Note 2: Make sure the unused pins are processed with the shortest possible wiring from the microcomputer pins
(within 2 cm).

Note 3: When the ports P70 and P71 are set for output mode, make sure a low-level signal is output from the pins.
The ports P70 and P71 are N-channel open-drain outputs.

Note 4: With external clock input to XIN pin.

Microcomputer

Port PO to P9 (except for P85)
(Input mode)
L]

—AANA—
(Input mode)‘_/\/.\/\/_.

(Output mode) Open
XouT —— Open

? Vce
AvVcc

AVss ®

Vss

In single-chip mode p—

Figure 15.11 Unassigned Pins Handling
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16. Electrical Characteristics

Table 16.1 Absolute Maximum Ratings

Symbol Parameter Condition Rated value Unit
Vcc1, Vec2 | Supply voltage V cc2=AVcce -0.3t06.0 V
Vcet Supply voltage Vet -0.3 to Vcez \
AVcc Analog supply voltage Vcce=AVcce -0.3t06.0 \%
\VbD2 Analog supply voltage \Vcc2=\VbD2 -0.3t06.0 V

Input RESET, CNVss
voltage P00 to P07, P10 to P17, P20 to P27,
P30 to P37, P40 to P47, P50 to P57,
Vi P8s to P87, -0.3 to Vcc2+ 0.3 \%
P9o to P97,
XN, M1, STARTB
P6o to P67, P70 to P77, P80 to P84 -0.3to Vcet1 + 0.3 \
P70, P71 -0.3t06.0 \Y,
Output P00 to P07, P10 to P17, P20 to P27,
voltage P30 to P37, P4o to P47, P50 to P57,
P86, P87, P90 to P97, -0.3to Vcc2 + 0.3 v
Vo Xout
P6o to P67, P70 to P77, P8o to P84 -0.3to Vcet1 + 0.3
P70, P71 -0.3t06.0
Pd Power dissipation Topr=25"C 550 mw
Topr Operating ambient temperature -20to 70 c
Tstg Storage temperature -20to 125 c

Note: Following setting is required: Vcci1 < Vcez
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Table 16.2 Recommended Operating Conditions (Note 1)

Standard .
Symbol Parameter Min. Typ. Max. Unit
Vce1, Veez | Supply voltage (Vect < Vecz) 2.0 5.0 55 \%
AVce Analog supply voltage Vcez Vv
VD2 Analog supply voltage Veez \
Vss Supply voltage 0 Vv
AVss Analog supply voltage 0 \Y
HIGH input | P31to P37, P4oto P47, P50 to P57 0.8Vcc2 Vcez \
voltage P0o to P07, P1oto P17, P20to P27, P30 0.8Vcez Ve \Y
ViH P60 to P67, P72to P77, P8oto P84 0.8Vccet Vce1 Vv
P85 to P87, P9o to P97 0.8Vee Voe v
XN, RESET, CNVss, M1, STARTB ’ 2
P70, P71 0.8Vcet 5.75 \
LOW input | P31to P37, P4oto P47, P50 to P57 0 0.2Vcez \
voltage P00 to P07, P1oto P17, P20to P27, P30 0 0.2Vce2 v
Vi P60 to P67, P70to P77, P8oto P8« 0 0.2Vcer v
P8s to P87, P9o to P97,
0 0.2Vcez \%
XN, RESET, CNVss, M1, STARTB
Vevin Composite video input voltage CVIN, SYNCIN 2Vpp \%
P0o to P07,P10to P17, P20 to P27,P30to P37,
10H (peak) HIGH peak output P40 to P47,P50 to P57, P60 to P67,P72to P77, -100 mA
current (Note2, Note3)  pgo to P84,P86,P87,P90 to P97
HIGH P0o to P07,P10to P17, P20 to P27,P30 to P37,
10H (avg) N ta"erage P40 to P47,P50 to P57, P60 to P67,P72to P77, - 50 mA
output current P8o to P84,P86,P87,P90 to P97
LOW K P0Oo to P07,P10to P17, P20 to P27,P30 to P37,
10L (pesk) OW pea P40 to P47, P50 to P57, P60 to P67,P70 to P77, 10.0 mA
output current P80 to P84,P86,P87,P90 to P97
LOW average P0o to P07,P10to P17, P20 to P27,P30to P37,
10L (avg) 9 P40 to P47, P50 to P57, P6o to P67,P70to P77, 5.0 mA
output current P80 to P84,P86,P87,P90 to P97 :
£ (XIN) Main clock input oscillation frequency Veee=2.9 1o 5.5V 0 16 MHz
(Note 4)
f(Xcin) Sub-clock oscillation frequency Vce2=2.0 to 5.5V(Note 5) 32.768 50 kHz
f (BCLK) CPU operation clock 0 16 MHz

Note 1: Referenced to VVcc = Vcc1 = Veez = 2.0 to 5.5V at Topr = -20 to 70 °C unless otherwise specified.

Note 2: The mean output current is the mean value within 100ms.

Note 3: The total loL (peak) for ports PO, P1, P2, P3, P4, P5,P86, P87, P9 must be 80mA max. The total loL (peak)
for ports P6, P7andP8o to P84 must be 80mA max. The total loH (peak) for ports PO, P1, and P2 must be -40mA max.
The total IoH (peak) for ports P3, P4andP5 must be -40mA max.

Note 4: Use the Vcc1 and Vcc2 power supply voltage on the following conditions.
«Vcce1 = 3.00V to Vecez, Veez = 4.00V to 5.5V (at f(XIN) = 16MHz)
»Vcet = 2.90V to Veez, Veez = 2.90V to 5.5V (at f(XIN) = 16MHz, at divide-by-8 or 16)

Note 5: Use in low power dissipation mode. When operating on low voltage (Vcc = 3.0V), only single-chip mode can be used.
If the Vcc2 supply voltage is less than 2.6 V, be aware that only the CPU, RAM, clock timer, interrupt, and Input/Output ports can be used.
Other control circuits (e.g., timers A and B, serial /0, UART) cannot be used.
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Table 16.3  A/D Conversion Characteristics (Note 1)

. . Standard ,
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution VREF =VcC 8 Bits
ANo to AN7 input +3 LSB

- Absolut =
solute aceuracy xEEF_ ANEXO0, ANEXT input
~  |Ext | ti

5V xternal operation amp “ LSB

tconv Conversion time(8bit), Sample & hold VREF =Vcc=5V, gAD=10MHz 2.8 us

function available

tsamp Sampling time 0.3 us

VREF Reference voltage 45 Vce \%

Via Analog input voltage 0 Vrer |V

Note 1: Referenced to Vcc2=AVcc=VRer=4.5 to 5.5V, Vss=AVss=0V at Topr = -20 to 70 "C unless otherwise specified.
Note 2: AD operation clock frequency (JAD frequency) must be 10 MHz or less.
Note 3: A case without sample & hold function turn @AD frequency into 250 kHz or more.

A case with sample & hold function turn @AD frequency into 1 MHz or more.

Table 16.4  Flash Memory Version Electrical Characteristics (Note 1)

. " Standard
Symbol Parameter Measuring condition Min. | Typ. Viax | Unit
— Word program time 30 200 us
— Block erase time 1 4 s
— Lock bit program time 30 200 us
tps Flash memory circuit stabilization wait time 15 us

Note 1: Referenced to VVcc2=4.75 to 5.25V at Topr = 0 to 60 °C unless otherwise specified.

Table 16.5 Flash Memory Version Program/Erase Voltage and Read Operation Voltage
Characteristics (Topr = 0 to 60°C

Flash program, erase voltage Flash read operation voltage

Vcc2=5.0£0.25V Vcc2=2.0t0 5.5V

Table 16.6  Power Supply Circuit Timing Characteristics

Symbol Parameter Measuring condition Standard i
Y ¢ Min. Typ. ax. Unit
td(P-R) ifre for iIntemal power supply stabilization during powerng-on 2 ms
WRS) | SIOPrelease time VQAC=5.0vV 10 ns
A(V\-S) | Low power dissipation mode wait mode release time 150 us
Recommended operation voltagei
Veez  oaes
-—
' td(P-R)

CPU clock

(a) Interrupt for stop mode release
(b) Interrupt for wait mode release

CPU clock

(a) e
. td(R-S)

1

(b) et
' td(W-S)
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16. ELECTRICAL CHARACTERISTICS

Table 16.7  Electrical Characteristics (1) (Note 1)
Standard ;
Parameter i iti - Unit
Symbol Measuring condition Min | Typ. | Max.
HIGH output P0Oo to P07, P10 to P17, P20 to P27,
oltage
Vor voltag P30 to P37, P40 to P47, P50 to P57, loH=-5mA Vee2-2.0 Vee? v
P86, P87, P9o to P97
P6o to P67, P72 to P77, P80 to P84 | loH=-5mA Vce1-2.0 Veet \
HIGH output POo to P07, P10 to P17, P20 to P27,
v voltage P30 to P37, P4o to P47, P50 to P57, OH=-200UA y
OH P8s, P87, P90 to P97 OH=-200p Vce2-0.3 Vcez
P60 to P67, P72 to P77, P80 to P84 | loH=-200pA Vce1-0.3 Vcet \%
Von \';';ﬁa"ég“tp”t LP3, LP4 Vee=4.5V, 10H=-0.05mA 3.75 v
HIGH output X HIGHPOWER loH=-1mA Vcez-2.0 Vcez y
Vor voltage ouT LOWPOWER | loH=-0.5mA Veee-2.0 Vecz
HIGH output Xcout HicHPower | With no load applied 25 v
voltage Lowpower | With no load applied 1.6
LOW output POo to P07, P10 to P17, P20 to P27,
VoL voltage P30 to P37, P4o to P47, PSoto P57, |/ o\ 2.0 \%
P8s, P87, P90 to P97
P60 to P67, P70 to P77, P80 to P84 loL=5mA 2.0 \Y
LOW output PQo to P07, P10 to P17, P20 to P27,
voltage P30 to P37, P4o to P47, P50 to P57, _
VoL P8s. P87, P90 to P97 loL=200pA 0.45 \%
P60 to P67, P70 to P77, P80 to P84 | 1oL=200pA 0.45 \
LOW output _ a
Vou voltage LP3to LP4 Vcc=4.5V, |oL=0.05mA 0.4 \Y,
VoL LOW output XouT HIGHPOWER loL=1mA 2.0 v
voltage LOWPOWER | |0=0.5mA 2.0
With no load applied 0
LOW output XcouT HIGHPOWER . pp! . v
voltage Lowpower | With no load applied 0
Hysteresis  TAON to TA4IN, o
VTe VT TBOIN to TB5IN, INTo to INTs, NMI, 0.2 10 v
ADTRG, CTSo to CTS2, SCL, SDA,
CLKo to CLK4,TA20ouT to TA4ourT,
RxDo to RxD2, SIN3, SIN4
VT+VT- Hysteresis ~RESET 0.2 22 \%
HIGH input P0o to P07, P10 to P17, P20 to P27,
current P30 to P37, P40 to P47, P50 to P57,
IIH P6o to P67, P70 to P77, P8o to P87, | =5V 50 A
P90 to P97 : H
XN, RESET, CNVss,
M1, STARTB
LOW input POQo to P07, P10 to P17, P20 to P27,
current P30 to P37, P40 to P47, P50 to P57,
liL P60 to P67, P70 to P77, P8o to P87, | vi=0V 5.0 pA
P90 to P97
XIN, RESET, CNVss,
M1, STARTB
ReuLLup Pull-up P0o to P07, P10 to P17, P20 to P27,
resistance P3¢ to P37, P4o to P47, P50 to P57, _
P60 to P67, P72 to P77, P80 to P8s, | VI=0V 30 50 170 | kO
P86, P87, P90 to P97
RxIN Feedback resistance ~ XIN 15 MQ
RxcIN Feedback resistance  XcIN 15 MQ
V RAM RAM retention voltage Stop mode 2.0 V
V sYNCIN Sync voltage amplitude 0.3 0.6 1.2 \
V datitext) Teletext data voltage amplitude 0.6 0.9 1.4 \%
fH Horizontal synchronous signal frequency 14.6 15.625 17.0 kHz

Note 1: Referenced to Vcc=Vcc1=Vec2=4.50 to 5.50 V, Vss=0V at Topr = -20 to 70 °C, f(BCLK)=16MHz unless otherwise specified.
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Table 16.8  Electrical Characteristics (2) (Note)

Vcc1 =Vceez = 3V

) » Standard
Symbol Parameter Measuring condition . i
Y 9 Min. Typ. Max. Unit
HIGH output P0o to P07, P10 to P17, P20 to P27, P30 to P37,
Vor voltage P40 to P47, P50 to P57, loH= -1 mA Veez- 0.5 Vee v
P86, P87, P9o to P97
P60 to P67, P72to P77, P8o to P84 loH=-1mA Vcet-0.5 Ve \
Vor HIGH output | Xout HIGHPOWER IoH=-0.1 mA Vcez- 0.5 Vcez v
voltage LOWPOWER IoH = -50 pA Vcez- 0.5 Vcez
HIGH output | xcout HIGHPOWER W?th no load appl?ed 25 v
voltage LOWPOWER With no load applied 16
v LOW output PO0o to P07, P10 to P17, P20 to P27, P30 to P37,
* voltage P40 to P47, P50 to P57, P6o to P67, P70 to P77
’ ' ’ © | loL=1mA 0.5 v
P8o to P84, P8s, P87, P90 to P97
LOW output HIGHPOWER loL=0.1 mA 05
VoL voltage Xout \Y
LOWPOWER loL=50 pA 0.5
HIGHPOWER i i 0
LOW output | xcour With no load applied v
voltage LOWPOWER With no load applied 0
VTe VT Hysteresis TAOIN to TA4IN, TBOIN to TBSIN, INTo to INT5
TA20uT to TAd4ouT 0.2 0.8
VT+VT- | Hysteresis RESET 0.2 (0.7) 1.8
HIGH input P0o to P07, P10 to P17, P20 to P27, P30 to P37,
voltage P40 to P47, P50 to P57, P6o to P67, P70 to P77, B
I P80 to P87, P9 to P97 Vi=3v 4.0 MA
XIN, RESET, CNVss, M1, STARTB
HIGH input PO0o to P07, P10 to P17, P20 to P27, P30 to P37,
voltage P40 to P47, P50 to P57, P6o to P67, P70 to P77,
e P80 to P87, P90 to P97 Vi=ov 4.0 bA
XIN, RESET, CNVss, M1, STARTB
RPULLUP | Pull-up resistance PO0o to P07, P10 to P17, P20 to P27, P30 to P37,
P40 to P47, P50 to P57, P6o to P67, P72 to P77,
P80 to P84, P85, P87, P90 to P97 Vi=0ov 50 100 500 kQ
Feedback resistance XIN 3.0 MQ
RfXCIN
Feedback resistance XCIN 25 MQ

Note : Referenced to Vcc = Vect = Vee2=3.0V, Vss =0V at Topr = -20 to 70 °C, f (XCIN) = 32kHz unless otherwise specified.
Use in single-chip mode and low power dissipation mode.
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Table 16.9  Electrical Characteristics (2) (Note 1)

Symbol Parameter Measuring condition _Standard Unit
Min. Typ. Max.
In single-chip mode, the output Mask ROM f(BCLK)=16MHz, 50 100 mA
pins are open and other pins are Vee=5.0V
Vss Flash memory f(BCLK)=16MHz,
Vcc=5.0V iy 100 [mA
Flash memory f(BCLK)=16MHz,
Program Vce=5.0V ' mA
Flash memory f(BCLK)=16MHz,
Erase Vee=5.0V * ™A
Mask ROM f(XciN)=32kHz, A
Low power dissipation mode, 25 K
lec Power supply current ROM(Note 3), (Note4) Vce=5.0V
Flash memory f(BCLK)=32kHz,
Low power dissipation mode, 25 pA
RAM(Note 3), (Note4) Vcc=5.0V
f(BCLK)=32kHz
Low power dissipation mode, 420 A
Flash memory(Note 3), (Note4)
Vece=5.0V
f(BCLK)=32kHz,
Wait mode (Note 2), (Note4) 7.5 A
Mask ROM Oscillation capacity High
Flash memory f(BCLK)=32kHz,
Wait mode(Note 2), (Note4) 5.0 10.0 pA
Oscillation capacity Low  Vcc=5.0V
f(BCLK)=32kHz,
Wait mode (Note 2), (Noted) 6.0 A
Oscillation capacity High ~ Vcc=3.0V
f(BCLK)=32kHz,
Wait mode(Note 2), (Note4) 20 8.0 HA
Oscillation capacity Low ~ Vcc=3.0V
Stop_mo:je, (Note41 0.8 5.0 WA
Topr=25°C Vce=5.0V
Note 1: Referenced to Vcc1=Vcce= 5V, Vss=0V at Topr =25 °C, f(BCLK)=16MHz unless otherwise specified.
Note 2: With one timer operated using fc32. (Slicer operation OFF)
Note 3: This indicates the memory in which the program to be executed exists.
Note 4: o All of VDD2 is at the same potential level as Vcce.
« Extension registers (addresses 0016 through 3F16) are set to the initial state.
e Inputs to the SYNCIN and CVIN pins are disabled.
 For current consumption reducing, set the level of Vss or Vcc to the ports used in input mode.
Table 16.10 Video signal input conditions (Note 1)
Standard .
Parameter i iti : Unit
Symbol Measuring condition Min | Typ. | Max.
VIN-cu Composite video signal input clamp voltage Sync-chip voltage 1.0 \

Note 1: Referenced to Vcc2 = 5.0 V at Topr = -20 to 70 °C unless otherwise specified.
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16. ELECTRICAL CHARACTERISTICS

Timing Requirements

(Vcci=Vcee2= 15V, Vss =0V, at Topr = — 20 to 70°C unless otherwise specified)

Table 16.11 External Clock Input (XIN input)

Vcc1 =Vee2 =5V

Standard .

Symbol Parameter Min. | Max. Unit
tc External clock input cycle time 62.5 ns
tw(H) External clock input HIGH pulse width 30 ns
tw(L) External clock input LOW pulse width 30 ns
tr External clock rise time 15 ns
tf External clock fall time 15 ns

Table 16.12 Remote Control Pulse Input

Vcc1 =Veez =5V

Standard )

Symbol Parameter Min. Max. Unit
Tw(RMTH) RMTIN input HIGH pulse width 61 us
Tw(RMTL) RMTIN input LOW pulse width 61 us

Table 16.13 JUST CLOCK Input

Vcc1 =Vceez =5V

Standard .

Symbol Parameter Min. Max. Unit
Tw(STH) JSTiN input HIGH pulse width 61 us
Tw(sTL) JSTIN input LOW pulse width 61 us
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16. ELECTRICAL CHARACTERISTICS

Timing Requirements
(Vcci=Vee2 =5V, Vss =0V, at Topr = — 20 to 70°C unless otherwise specified)

Table 16.14

Timer A Input (Counter Input in Event Counter Mode)

Vcc1 =Vceez =5V

REJ03B0152-0210

Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 100 ns
tw(TAH) TAiIN input HIGH pulse width 40 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 16.15 Timer A Input (Gating Input in Timer Mode)
Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 400 ns
tw(TAH) TAIIN input HIGH pulse width 200 ns
tw(TAL) TAiIN input LOW pulse width 200 ns
Table 16.16 Timer A Input (External Trigger Input in One-shot Timer Mode)
Svmbol P ‘ Standard Unit
ymbo arameter i ey ni
to(TA) TAIIN input cycle time 200 ns
tw(TAH) TAiIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 16.17 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Svmbol P ‘ Standard Unit
ymbo arameter Vi, Vax. ni
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 16.18 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Svmbol P ) Standard Unit
ymbol arameter Vi, Max. ni
te(up) TAiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(UPL) TAiouT input LOW pulse width 1000 ns
tsu(UP-TIN) TAiouT input setup time 400 ns
th(TIN-UP) TAiouT input hold time 400 ns
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16. ELECTRICAL CHARACTERISTICS

Timing Requirements
(Vcci=Vee2 =5V, Vss =0V, at Topr = — 20 to 70°C unless otherwise specified)

Table 16.19 Timer B Input (Counter Input in Event Counter Mode)

Vcc1 =Vcez2 = 5V

Standard .

Symbol Parameter Min 1 Max. Unit
te(TB) TBIIN input cycle time (counted on one edge) 100 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 40 ns
tw(TBL) TBIIN input LOW pulse width (counted on one edge) 40 ns
te(TB) TBIIN input HIGH pulse width (counted on both edges) 200 ns
tw(TBH) TBIIN input LOW pulse width (counted on both edges) 80 ns
tw(TBL) TBIIN input LOW pulse width (counted on both edges) 80 ns

Table 16.20 Timer B Input (Pulse Period Measurement Mode))
VCcc1=Vce2 =5V

Standard )
Symbol Parameter Min Max Unit
te(TB) TBIIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 16.21 Timer B Input (Pulse Width Measurement Mode))
VCC1=VCC2 =5V
Symbol Parameter Miit.anda'\;lix. Unit
te(TB) TBIIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBIIN input LOW pulse width 200 ns

Table 16.22 A/D Trigger Input

VCC1 =VCec2 =5V

Symbol Parameter Standard Unit
Min. Max.

te(AD) ADTRG input cycle time (trigger able minimum) 1000 ns

tw(ADL) ADTRG input LOW pulse width 125 ns

Table 16.23 Serial I/0

Vcc1 =Vcee2 =5V

Standard .
Symbol Parameter Min. Max. Unit
te(cK) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
td(c-Q) TxDi output delay time 80 ns
th(c-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 30 ns
th(C-D) RxDi input hold time 90 ns

Table 16.24 External Interrupt INTi Input

Vcec1 =Vcee2 =5V

Standard .
Symbol Parameter Min. T Max. Unit
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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Timing Requirements
(Vcci=Vee2=3V, Vss =0V, at Topr = — 20 to 70°C unless otherwise specified)

Table 16.25 External Clock Input (XiN Input)

VCC1 =VCC2 =3V

Standard .

Symbol Parameter Min. | Max. Unit
tc External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(L) External clock input LOW pulse width 40 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
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16. ELECTRICAL CHARACTERISTICS

Timing Requirements
(Vcci=Vee2=3V, Vss =0V, at Topr = — 20 to 70°C unless otherwise specified)

Table 16.26 Timer A Input (Counter Input in Event Counter Mode)

VCCc1=VcCe2 =3V

Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 150 ns
tw(TAH) TAiIN input HIGH pulse width 60 ns
tw(TAL) TAIIN input LOW pulse width 60 ns
Table 16.27 Timer A Input (Gating Input in Timer Mode)
VCC1 =Vce2 = 3V
Standard )
Symbol Parameter Min. Max. Unit
te(ta) TAIIN input cycle time 600 ns
tw(TAH) TAIIN input HIGH pulse width 300 ns
tw(TAL) TAIIN input LOW pulse width 300 ns
Table 16.28 Timer A Input (External Trigger Input in One-shot Timer Mode)
Vcc1 = Vee2 = 3V
Svmbol P ‘ Standard Unit
ymbo arameter Min. Vox. ni
te(TA) TAiIN input cycle time 300 ns
tw(TAH) TAiIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns
Table 16.29 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Vcc1 =Vcez =3V
bol P Standard .
Symbo arameter Min. Max. Unit
tw(TAH) TAIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns
Table 16.30 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Vcc1 =Vce2 =3V
Svmbol P i Standard Unit
ymbol arameter Min. Max. ni
te(uP) TAiouT input cycle time 3000 ns
tw(UPH) TAiouT input HIGH pulse width 1500 ns
tw(uPL) TAiouT input LOW pulse width 1500 ns
tsu(UP-TiN) TAiouT input setup time 600 ns
th(TIN-UP) TAiouT input hold time 600 ns
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16. ELECTRICAL CHARACTERISTICS

Timing Requirements
(Vcci=Vee2=3V, Vss =0V, at Topr = — 20 to 70°C unless otherwise specified)

Table 16.31 Timer B Input (Counter Input in Event Counter Mode)
Vcc1 =Vcez =3V

Standard )

Symbol Parameter Min. Max. Unit
te(TB) TBiIN input cycle time (counted on one edge) 150 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 60 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 60 ns
te(TB) TBiIN input cycle time (counted on both edges) 300 ns
tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 120 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 120 ns

Table 16.32 Timer B Input (Pulse Period Measurement Mode)
Vcc1=Vcez =3V

Symbol Parameter - Standard Unit
Min. Max.

te(TB) TBIIN input cycle time 600 ns

tw(TBH) TBiIN input HIGH pulse width 300 ns

tw(TBL) TBiIN input LOW pulse width 300 ns

Table 16.33 Timer B Input (Pulse Period Measurement Mode)
VCcCc1=Vce2 =3V

Symbol Parameter - Standard Unit
Min. Max.

te(TB) TBIIN input cycle time 600 ns

tw(TBH) TBiIN input HIGH pulse width 300 ns

tw(TBL) TBiIN input LOW pulse width 300 ns

Table 16.34 Serial I/O (Pulse Period Measurement Mode)
Vcc1 =Vcez = 3V

Standard )
Symbol Parameter - Unit
Min. Max.

te(CK) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CkL) CLKi input LOW pulse width 150 ns
tac-Q) TxDi output delay time 160 ns
thc-Q) TxDi hold time 0 ne
tsu(D-C) RxDi input setup time 70 ns
th(c-D) RxDi input hold time 90 ns

Table 16.35 External Interrupt INTi Input (Pulse Period Measurement Mode)
Vcc1 =Vcez =3V

Standard
Symbol Parameter - ndar Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
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Vcc1 =Vcee2 =5V

tc(TA)
tw(TAH)
TAIIN input \
tw(TAL)
[
tc(UP)
tw(UPH)
TAIOUT input \
tw(UPL)
[
TAIOUT input
(Up/down input) ><
During event counter mode
TAIIN input —
(When count on falling th(Tin-UP) tsu(UP-TIN)
edge is selected)
TAIIN input
(When count on rising
edge is selected)
Two-phase pulse input in
event counter mode te(TA)
TAIIN input /| ﬂ:
tsu(TAIN-TA
tsu(TAIN-TAOUT) su( N OU,T)

tsu(TAouT-TAIN) Y —
TAIOUT input

tsu(TAoUT-TAIN)

tc(TB)
tw(TBH)
TBIIN input
tw(TBL)
[ |
tc(AD)
tw(ADL)
ADTRG input j

Figure 16.1 Timing Diagram (1)

Rev.2.10  Oct25,2006 Page2750f326 2XENESANAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 16. ELECTRICAL CHARACTERISTICS

Vcc1 =Vcez =5V

tc(CK)

tw(CKH)

CLKi
tw(CKL) thic-a

TXDi X X

tdcc) |, tsu(D-C) /th(C-D)
RxDi * *

tw(INL)
INTi input L fw(INH) # /

Figure 16.2  Timing Diagram (2)
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Vcc1 =Veez2 = 3V

tc(TA)
tw(TAH)
TAIIN input \
tw(TAL)
[
tc(upP)
tw(UPH)
TAIOUT input \
tw(uPL)
[
TAIOUT input
(Up/down input) ><
During event counter mode
TAIIN input —
(When count on falling th(TiIn-UP) tsu(UP-TIN)
edge is selected)
TAIIN input
(When count on rising
edge is selected)
Two-phase pulse input in
event counter mode te(TA)
TAIIN input /| ‘
tsu(TAIN-TAoUT) ts“(T‘AE'N'TAOU;T)

tsu(TAoUT-TAIN) ) ——
TAIOUT input

tsu(TAoUT-TAIN)

tc(TB)
tw(TBH)
TBIIN input
tw(TBL)
[ |
tc(AD)
tw(ADL)
ADTRG input

Figure 16.3 Timing Diagram (3)

Rev.2.10  Oct25,2006 Page2770f326 ZXENESANAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 16. ELECTRICAL CHARACTERISTICS

Vce1 =Vcee2 =3V

tc(CK)
tw(CKH)
CLKi
tw(CKL) h(C-Q
TXDi X X
tacq) | tsud-C) th(C-D)
RxDi * *
tw(INL)
INTi input fw(INH) % /
W
|

Figure 16.4  Timing Diagram (4)
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17. Flash Memory Version

171 Flash Memory Performance

The flash memory version is functionally the same as the mask ROM version except that it internally contains flash
memory.

The flash memory version has three modes—CPU rewrite, standard serial input/output, and parallel input/output
modes—in which its internal flash memory can be operated on.

Table 17.1 shows the outline performance of flash memory version (see Table 1.1 for the items not listed in Table
17.1.).

Table 17.1 Flash Memory Version Specifications

Item Specification

Flash memory operating mode 3 modes (CPU rewrite, standard serial I/O, parallel 1/0)

Erase block User ROM area See Figure 17.1
Boot ROM area 1 block (4 Kbytes) (Note 1)

Method for program In units of word

Method for erasure Block erase

Program, erase control method Program and erase controlled by software command

Protect method Protected for each block by lock bit

Number of commands 7 commands

Number of program and erasure | 100 times

Data Retention 10 years

ROM code protection Parallel 1/0 and standard serial I/O modes are supported.

Note 1: The boot ROM area contains a standard serial /0O mode rewrite control program which is stored
in it when shipped from the factory. This area can only be rewritten in parallel input/output mode.
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Table 17.2 Flash Memory Rewrite Modes Overview

Flash memory| CPU rewrite mode (Note 1) | Standard serial I/O mode Parallel I/O mode

rewrite mode

Function The user ROM area is rewrit- | The user ROM area is rewrit- | The boot ROM and user
ten by executing software | ten by using a dedicated se- | ROM areas are rewritten by
commands from the CPU. rial programmer. using a dedicated parallel
EWO0 mode: Standard serial I/O mode 1: | programmer.

Can be rewritten in any | Clock sync serial I/0
area other than the flash | Standard serial /O mode 2:
memory (Note 2) UART

EW1 mode:
Can be rewritten in the
flash memory

Areas which |User ROM area User ROM area User ROM area

can be rewritten Boot ROM area
Operation Single chip mode Boot mode Parallel I/0 mode
mode Boot mode (EWO0 mode)

ROM None Serial programmer Parallel programmer
programmer

Note 1: Bit 3 of processor mode register 1 remains set to "1" while the FMRO register FMR01 bit = 1 (CPU
rewrite mode enabled).
Bit 3 of processor mode register 1 is reverted to its original value by clearing the FMRO1 bit to "0"
(CPU rewrite mode disabled). However, if bit 3 of processor mode register 1 is changed during CPU
rewrite mode, its changed value is not reflected until after the FMRO1 bit is cleared to "0".

Note 2: When in CPU rewrite mode, bit 0 and bit 3 in the PM1 register are set to "1". The rewrite
control program can only be executed in the internal RAM.
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17.2 Memory Map

The ROM in the flash memory version is separated between a user ROM area and a boot ROM area.

Figure 17.1 shows the block diagram of flash momoery.

The user ROM area is divided into several blocks, each of which can individually be protected (locked) against
programming or erasure. The user ROM area can be rewritten in all of CPU rewrite, standard serial input/output,
and parallel input/output modes.

The boot ROM area is located at addresses that overlap the user ROM area, and can only be rewritten in parallel
input/output mode. After a hardware reset that is performed by applying a high-level signal to the CNVSS and P50
pins and a low-level signal to the M1 pin, the program in the boot ROM area is executed.

After a hardware reset that is performed by applying a low-level signal to the CNVSS pin, the program in the user
ROM area is executed (but the boot ROM area cannot be read).

0C000016 , OF000016
Block 8 : 64K bytes
Block 5 : 32K bytes
0D000016
Block 7 : 64K bytes
) OF7FFF16
0E000016 ) 0F800016
) Block 4 : 8K bytes
Block 6 : 64K bytes OF9FFF16
O0FA00016
! Block 3 : 8K bytes
OEFFFF16 0 OFBFFF16
0F000016 0FC00016
Block 2 : 8K bytes
Block 0 to Block 5 (32+8+8+8 OFDFFF16
+4+4)K bytes OFE00016 Block 1 : 4K byt
OFEFFF16 ook AR bytes
O0FF00016 . 0FF00016
OFFFFF6 | | OFFFFR16 Block 0 : 4K bytes OFFFFF1s 4K bytes
User ROM area Boot ROM area (Note 1)

Note 1: The boot ROM area can only be rewritten in parallel input/output mode.
Note 2: To specify a block, use an even address in that block.
Note 3: Shown here is a block diagram during single-chip mode.

Figure 17.1 Flash Memory Block Diagram
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17.3 Boot Mode

After a hardware reset which is performed by applying a low-level signal to the M1 pin and a high-level signal to
the CNVss and P50 pins, the microcomputer is placed in boot mode, thereby executing the program in the boot
ROM area.

During boot mode, the boot ROM and user ROM areas are switched over by the FMRO5 bit in the FMRO register.
The boot ROM area contains a standard serial input/output mode based rewrite control program which was stored
in it when shipped from the factory.

The boot ROM area can be rewritten in parallel input/output mode. Prepare an EW0 mode based rewrite control
program and write it in the boot ROM area, and the flash memory can be rewritten as suitable for the system.

17.4 Functions To Prevent Flash Memory from Rewriting

To prevent the flash memory from being read or rewritten easily, parallel input/output mode has a ROM code
protect and standard serial input/output mode has an ID code check function.

17.41 ROM Code Protect Function

The ROM code protect function inhibits the flash memory from being read or rewritten during parallel input/
output mode. Figure 17.2 shows the ROMCP register.

The ROMCEP register is located in the user ROM area. The ROMCP1 bit consists of two bits. The ROM code
protect function is enabled by clearing one or both of two ROMCP1 bits to “0” when the ROMCR bits are not
°002,” with the flash memory thereby protected against reading or rewriting. Conversely, when the ROMCR bits
are ‘002’ (ROM code protect removed), the flash memory can be read or rewritten. Once the ROM code protect
function is enabled, the ROMCR bits cannot be changed during parallel input/output mode. Therefore, use
standard serial input/output or other modes to rewrite the flash memory.

17.4.2 ID Code Check Function

Use this function in standard serial input/output mode. Unless the flash memory is blank, the ID codes sent
from the programmer and the ID codes written in the flash memory are compared to see if they match. If the ID
codes do not match, the commands sent from the programmer are not accepted. The ID code consists of 8-bit
data, the areas of which, beginning with the first byte, are OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16,
OFFFF316, OFFFF716, and OFFFFB16. Prepare a program in which the ID codes are preset at these addresses
and write it in the flash memory.
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17. FLASH MEMORY VERSION

b7 b6 b5 b4 b3 b2 bl bo

LT

ROM code protect control address

R
R —

Symbol Address Value when shipped
| ROMCP OFFFFF16 FF16 (Note 4)
Bit symbol Bit name Function RW
Reserved bit Set this bit to "1" RwW
——— | Reserved bit Set this bit to "1" RwW
—— |Reserved bit Set this bit to "1" RW
—— |Reserved bit Set this bit to "1" RW
ROMCR | ROM code protect reset oo RW
bit (Note 2, Note 4) 8? Removes protect
10: }Enables ROMCP1 bit
11: RW
ROMcCP1 |ROM code protect level | > *®
1 set bit 001 o otect enabled RW
(Note 1, Note 3, Note 4) (1)2) rotect enable
11: Protect disabled RW

Note 1: If the ROMCR bits are set to other than "002"and the ROMCP1 bits are set to other than "112"
(ROM code protect enabled), the flash memory is disabled against reading and rewriting in
parallel input/output mode.

Note 2: If the ROMCR bits are set to "002," ROM code protect level 1 is removed. However, because the
ROMCR bits cannot be modified during parallel input/output mode, they need to be modified in
standard serial input/output or other modes.

Note 3: The ROMCP1 bits are effective when the ROMCR bits are "012," "102," or "112."

Note 4: Once any of these bits is cleared to "0", it cannot be set back to "1". If a memory block that
contains the ROMCP register is erased, the ROMCP register is set to "FF16."

Figure 17.2 ROMCP Register
Address %W§
OFFFDF16 to OFFFDC16 | ID1 Undefined instruction vector
OFFFE316 to OFFFEO16 |ID2 Overflow vector
OFFFE716 to OFFFE416 BRK instruction vector
OFFFEB16 to OFFFE816 | ID3 + Address match vector
OFFFEF16 to OFFFEC16 | ID4 Single step vector
OFFFF316 to OFFFF016 [IDS Watchdog timer vector
OFFFF716 to OFFFF416 |ID6 ;W: vector
OFFFFB16 to OFFFF816 |ID7 imvector
OFFFFF16 to OFFFFC1e [ROMCP! Reset vector
— —— _
4 bytes
Figure 17.3  Address for ID Code Stored
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17.5 CPU Rewrite Mode

In CPU rewrite mode, the user ROM area can be rewritten by executing software commands from the CPU.
Therefore, the user ROM area can be rewritten directly while the microcomputer is mounted on-board without
having to use a ROM programmer, etc.

In CPU rewrite mode, only the user ROM area shown in Figure 17.1 can be rewritten and the boot ROM area
cannot be rewritten. Make sure the Program and the Block Erase commands are executed only on each block in the
user ROM area.

During CPU rewrite mode, the user ROM area be operated on in either Erase Write 0 (EW0) mode or Erase Write
1 (EW1) mode. Table 17.3 lists the differences between Erase Write 0 (EWO0) and Erase Write 1 (EW1) modes.

Table 17.3 EWO0 Mode and EW1 Mode

Item EWO0 mode EW1 mode
Operation mode e Single chip mode Single chip mode
e Boot mode

Areas in which a e User ROM area User ROM area

rewrite control e Boot ROM area

program can be located

Areas in which a Must be transferred to any area other |Can be executed directly in the user

rewrite control than the flash memory (RAM) ROM area

program can be executed| before being executed (Note 2)

Areas which can be User ROM area User ROM area

rewritten However, this does not include the area
in which a rewrite control program
exists

Software command None e Program, Block Erase command

limitations Cannot be executed on any block in

which a rewrite control program exists
¢ Read Status Register command
Cannot be executed

Modes after Program or | Read Status Register mode Read Array mode

Erase

CPU status during Auto | Operating Hold state (I/O ports retain the state in
Write and Auto Erase which they were before the command

was executed)Note 1)

Flash memory status e Read the FMRO register's FMR00, |Read the FMRO register's FMROO,
detection FMRO06, and FMRO7 bits in a FMRO06, and FMRO7 bits in a program
program

e Execute the Read Status Register
command to read the status
register's SR7, SR5, and SR4 flags.

Note 1: Make sure no interrupts (except NMI and watchdog timer interrupts) and DMA transfers will occur.
Note 2: When in CPU rewrite mode, bit 0 and bit 3 in the PM1 register are set to "1". The rewrite control
program can only be executed in the internal RAM.
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17.5.1 EWO0 Mode

The microcomputer is placed in CPU rewrite mode by setting the FMRO register’s FMRO1 bit to “1” (CPU
rewrite mode enabled), ready to accept commands. In this case, because the FMRI1 register’s FMR11 bit = 0,
EWO0 mode is selected. The FMRO1 bit can be set to “1” by writing “0” and then “1” in succession.

Use software commands to control program and erase operations. Read the FMRO register or status register to
check the status of program or erase operation at completion.

17.5.2 EW1 Mode

EWI1 mode is selected by setting FMR11 bit to “1” (by writing “0” and then “1” in succession) after setting the
FMRO1 bit to “1” (by writing “0” and then “1” in succession).

Read the FMRO register to check the status of program or erase operation at completion. The status register
cannot be read during EW1 mode.

Figure 17.4 shows the FMRO and FMR1 registers.

Registers FMRO and FMR1 are shown in Figure 17.4.
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FMROO Bit

This bit indicates the operating status of the flash memory. The bit is “0” when the Program, Erase, or Lock Bit
program is running; otherwise, the bit is “1”.

FMRO1 Bit

The microcomputer is made ready to accept commands by setting the FMRO1 bit to “1” (CPU rewrite mode).
During boot mode, make sure the FMROS5 bit also is “1”” (user ROM area access).

FMRO02 Bit

The lock bit set for each block can be disabled by setting the FMRO2 bit to “1” (lock bit disabled). (Refer to the
description of the data protect function.) The lock bits set are enabled by setting the FMRO02 bit to “0”.

The FMRO2 bit only disables the lock bit function and does not modify the lock bit data (lock bit status flag).
However, if the Erase command is executed while the FMRO2 bit is set to “1”, the lock bit data changes state
from “0” (locked) to “1” (unlocked) after Erase is completed.

FMSTP Bit

This bit is provided for initializing the flash memory control circuits, as well as for reducing the amount of
current consumed in the flash memory. The internal flash memory is disabled against access by setting the
FMSTP bit to “1”. Therefore, make sure the FMSTP bit is modified in other than the flash memory.

In the following cases, set the FMSTP bit to “1”:

* . When flash memory access resulted in an error while erasing or programming in EW0 mode (FMROO bit
not reset to “1” (ready))
. When entering low power mode
Figure 17.7 shows a flow chart to be followed before and after entering low power mode.
Note that when going to stop or wait mode, the FMRO register does not need to be set because the power for the
internal flash memory is automatically turned off and is turned back on again after returning from stop or wait
mode.

FMROS5 Bit

This bit switches between the boot ROM and user ROM areas during boot mode. Set this bit to “0” when
accessing the boot ROM area (for read) or “1” (user ROM access) when accessing the user ROM area (for read,
write, or erase).

FMRO6 Bit

This is a read-only bit indicating the status of auto program operation. The bit is set to “1”” when a program error
occurs; otherwise, it is cleared to “0”. For details, refer to the description of the full status check.

FMRO7 Bit

This is a read-only bit indicating the status of auto erase operation. The bit is set to “1” when an erase error
occurs; otherwise, it is cleared to “0”. For details, refer to the description of the full status check.

Figure 17.5 and 17.6 show the setting and resetting of EW0 mode and EW 1 mode, respectively.
FMR11 Bit

Setting this bit to “1” places the microcomputer in EW1 mode.

FMR16 Bit

This is a read-only bit indicating the execution result of the Read Lock Bit Status command.
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Flash memory control register 0

___________________ FMRO7 Erase status flag (Note 4) 0: Terminated normally RO

(Effective in only boot mode)

FMRO06 Program status flag (Note 4) 0: Terminated normally

1: Terminated in error RO

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After reset

| | | | 0 | | | | | FMRO 01B716 XX0000012
P Bit symbol Bit name Function RW
E ' ' ' ' ' ' ' FMRO0O RY/BY status flag 0: Busy (being written or erased) RO
R A T 1: Ready
oo v 1 EMRO1 | CPU rewrite mode select bit | 0: Disables CPU rewrite mode
A (Note 1) 1: Enables CPU rewrite mode RW
P EMRO2 | Lock bit disable select bit 0: Enables lock bit
o (Note 2) 1: Disables lock bit RW
E . . . ._ __________ Flash memory stop bit 0: Enables flash memory operation
Vo FMSTP (Note 3, Note 5)) 1: Stops flash memory operation
Vo (placed in low power mode, RW
oo flash memory initialized)
T S (b4) Reserved bit Must always be set to “0” RwW
L ________________ FMRO05 User ROM area select bit 0: Boot ROM area is accessed
E ' (Note 3) 1: User ROM area is accessed RW

1: Terminated in error

Note 1: To set this bit to “1”, write “0” and then “1” in succession. Make sure no interrupts or DMA transfers

will occur before writing “1” after writing “0”.
Write to this bit when the NMI pin is in the high state. Also, while in EW0 mode, modify this bit in other
than the flash memory.

Note 2: To set this bit to “1”, write “0” and then “1” in succession when the FMRO1 bit = 1. Make sure no

interrupts or no DMA transfers will occur before writing “1” after writing “0”.

Note 3: modify this bit in other than the flash memory.
Note 4: This flag is cleared to “0” by executing the Clear Status command.
Note 5: Effective when the FMRO1 bit = 1 (CPU rewrite mode). If the FMRO1 bit = 0, although the FMSTP bit

can be set to “1” by writing “1” in a program, the flash memory is neither placed in low power mode
nor initialized.

Note 6: This status includes writing or reading with the Lock Bit Program or Read Lock Bit Status command.

Flash memory control register 1

b7 b6 b5 b4 b3 b2 bi b0 Symbol Address After reset

| o| | o| o| | | | o| FMR1 01B516 0X00XX0X2
1 ¢ . 1 i 1 i | Bitsymbol Bit name Function RW
E ' ' ' ' ' ' . (b_O) Reserved bit The value in this bit when read is RO
R A R indeterminate.
oo L] FMR11 |EW1 mode select bit (Note) | 0: EWO mode RW
o 1: EW1 mode
__ _______ o ; The value in this bit when read is
E I ' ' (b3-b2) Reserved bit indeterminate. RO
R O R (EM) Reserved bit Must always be set to “0” RW
T FMR16 | Lock bit status flag 0: Lock RO
, 1: Unlock
STy (b7) Reserved bit Must always be set to “0” RW

Note : To set this bit to “1”, write “0” and then “1” in succession when the FMRO01 bit = 1. Make sure no

interrupts or no DMA transfers will occur before writing “1” after writing “0”. Write this bit in the state
the NMI pin = “H”. The FMR01 and FMR11 bits both are cleared to “0” by setting the FMRO01 bit to “0”.

Figure 17.4

FMRO and FMR1 Registers
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EWO0 mode operation procedure

l - -Rewrite control program - J- - ...l

' A

. For only boot mode .
' set the FMRO5 bit to “1” (user ROM area access) .

| |

Set CMO, CM1, and PM1 registers (Note 1) 5 f’féfﬂ’?efv“ﬂioﬁqféteb!nﬁﬁ!‘% (?\loig‘é;he” 1

Transfer a rewrite control program to any area other :
than the flash memory (Note 5)

] ? 1

Jump to the rewrite control program which has been

Single-chip mode, or boot mode

' Execute software commands .

transferred to any area other than the flash memory : Execute the Read Array command (Note 3) :
(The subsequent processing is executed by the . '
rewrite control program in any area other than the ) l '

flash memory)

Write “0” to the FMRO1 bit
' (CPU rewrite mode disabled) '

i 1 é

For only boot mode
Write “0” to the FMRO05 bit (Boot ROM area
: accessed) (Note 4)

i }

Jump to a specified address in the flash memory

Note 1: Select 10 MHz or less for CPU clock using the CMO register’'s CM06 bit and CM1 register's CM17 to 6
bits. Also, set the PM1 register's PM17 bit to “1” (with wait state).

Note 2: To set the FMRO1 bit to “1”, write “0” and then “1” in succession. Make sure no interrupts or no DMA
transfers will occur before writing “1” after writing “0”. -
Write to the FMRO1 bit from a program in other than the flash memory. Also write only when the NMI pin is
“H” level.

Note 3: Disables the CPU rewrite mode after executing the Read Array command.

Note 4: User ROM area is accessed when the FMROS5 bit is set to “1”.

Note 5: When in CPU rewrite mode, bit 0 and bit 3 in the PM1 register are set to “1”. The rewrite control
program can only be executed in the internal RAM or in an external area that is enabled for use when the
PM13 bit = 1.

Figure 17.5  Setting and Resetting of EW0 Mode
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EW1 mode operation procedure

Program in ROM

l

Single-chip mode (Note 1)

Set CM0, CM1, and PM1 registers (Note 2)

A 4

Set the FMRO1 bit by writing “0” and then “1” (CPU
rewrite mode enabled)

Set the FMR11 bit by writing “0” and then “1” (EW1
mode) (Note 3)

A

Execute software commands

A 4

Write “0” to the FMRO1 bit
(CPU rewrite mode disabled)

}

Note 1: In EW1 mode, do not set the microcomputer in boot mode.

Note 2: Select 10 MHz or less for CPU clock using the CMO register’s CMO06 bit and CM1
register’'s CM17 to 6 bits. Also, set the PM1 register’s PM17 bit to “1” (with wait
state).

Note 3: To set the FMRO1 bit to “1”, write “0” and then “1” in succession. Make sure no
interrupts or no DMA transfers will occur before writing “1” after writing “0”.

Write to the FMRO01 bit from a program in other than the flash memory. Also write
only when the NMI pin is “H” level.

Figure 17.6  Setting and Resetting of EW1 Mode
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Low power dissipation l
l . mode program

Transfer a low power dissipation mode program
to any area other the flash memory

Set the FMRO1 bit by writing “0” and then “1”
(CPU rewrite mode enabled)

1 1

L ecinati ' Set FMSTP bit to “1”

Jump to the low power dissipation mode program '

which has been transferred to any area other the : (flash memory stopped. Low power state)(Note 1)
flash memory. . l

(The subsequent processing is executed by a .

program in any area other than the flash memory.)

Switch the clock source for CPU clock.
Turn main clock off. (Note 2)

l

Process of low power dissipation mode

!

Turn main clock on - wait until oscillation stabilizes
- switch the clock source for CPU clock (Note 2)

l

Set the FMSTP bit to “0” (flash memory operation)

}

Write “0” to the FMRO1 bit
(CPU rewrite mode disabled)

|

Wait until the flash memory circuit stabilizes (tps)
(Note 3)

Jump to a specified address in the flash memory

Note 1: Set the FMSTP bit to 1 after setting the FMRO1 bit to “1”.

Note 2: Before the clock source for CPU clock can be changed to
main clock or sub clock, the clock to which to be changed
must be stable.

Note 3: Insert a tps wait time in a program. The flash memory
cannot be accessed during this wait time.

Figure 17.7  Processing Before and After Low Power Dissipation Mode
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17.5.3 Precautions on CPU Rewrite Mode

Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite mode.
(1) Operation Speed
Before entering CPU rewrite mode (EWO0 or EW1 mode), select 10 MHz or less for BCLK using the
CMO6 bit in the CMO register and the CM17 to CM16 bits in the CM1 register. Also, set the PM17 bit in
the PM1 register to “1” (with wait state).

(2) Instructions to Prevent from Using
The following instructions cannot be used in EW0 mode because the flash memory’s internal data is
referenced: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction.

(3) Interrupts
EWO0 Mode
*Any interrupt which has a vector in the variable vector table can be used providing that its vector is
transferred into the RAM area.

*The NMI and watchdog timer interrupts can be used because the FMRO register and FMR1 register are
initialized when one of those interrupts occurs. The jump addresses for those interrupt service routines
should be set in the fixed vector table.

Because the rewrite operation is halted when a NMI or watchdog timer interrupt occurs, the rewrite
program must be executed again after exiting the interrupt service routine.

*The address match interrupt cannot be used because the flash memory’s internal data is referenced.

EW1 Mode

*Make sure that any interrupt which has a vector in the variable vector table or address match interrupt
will not be accepted during the auto program or auto erase period.

*Avoid using watchdog timer interrupts.

*The NMI interrupt can be used because the FMRO register and FMR1 register are initialized when this
interrupt occurs. The jump address for the interrupt service routine should be set in the fixed vector
table.

Because the rewrite operation is halted when a NMI interrupt occurs, the rewrite program must be
executed again after exiting the interrupt service routine.

(4) How to Access
To set the FMRO1, FMRO02, or FMR11 bit to “1”, write “0” and then “1” in succession. This is necessary to
ensure that no interrupts or DMA transfers will occur before writing “1” after writing “0”. Also only when
NMI pin is “H” level.

(5) Writing in the User ROM Space
EWO0 Mode
*[f the power supply voltage drops while rewriting any block in which the rewrite control program is
stored, a problem may occur that the rewrite control program is not correctly rewritten and,
consequently, the flash memory becomes unable to be rewritten thereafter. In this case, standard serial
I/O or parallel I/O mode should be used.
EW1 Mode

*Avoid rewriting any block in which the rewrite control program is stored.

(6) DMA Transfer
In EW1 mode, make sure that no DMA transfers will occur while the FMRO registerAfs FMROO0 bit = 0
(during the auto program or auto erase period).
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(7) Writing Command and Data
Write the command code and data at even addresses.

(8) Wait Mode
When shifting to wait mode, set the FMRO1 bit to “0” (CPU rewrite mode disabled) before executing the
WAIT instruction.

(9) Stop Mode
When shifting to stop mode, the following settings are required:

*Set the FMRO1 bit to “0” (CPU rewrite mode disabled) and disable DMA transfers before setting the
CMI10 bit to “1” (stop mode).

*Execute the JMP.B instruction subsequent to the instruction which sets the CM10 bit to “1” (stop
mode)

Example program BSET 0, CM1 ; Stop mode
JMP.B L1
L1:
Program after returning from stop mode

(10) Low Power Dissipation Mode
If the CMOS bit is set to “1” (main clock stop), the following commands must not be executed.

*Program
*Block erase
*Lock bit program
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17.5.4 Software Commands

Software commands are described below. The command code and data must be read and written in 16-bit units,
to and from even addresses in the user ROM area. When writing command code, the 8 high order bits (D1t—Dg)

are ignored.

Table 17.4 Software Commands

First bus cycle Second bus cycle
Command Mode Address (D(I)Dt%t%w) Mode Address (Dc??otam)

Read array Write X xxFF16

Read status register Write X xx7016 Read X SRD
Clear status register Write X xx5016

Program Write WA xx4016 Write WA WD
Block erase Write X xx2016 Write BA xxDO016
Lock bit program Write BA xxX7716 Write BA xxD016
Read lock bit status Write X xx7116 Write BA xxD016

SRD: Status register data (D7 to Do)

WA: Write address (Make sure the address value specified in the the first bus cycle is the same even address
as the write address specified in the second bus cycle.)

WD: Write data (16 bits)

BA: Uppermost block address (even address, however)

X: Any even address in the user ROM area
xx: High-order 8 bits of command code (ignored)

Read Array Command (FF16)

This command reads the flash memory.

Writing ‘exxFF16’ in the first bus cycle places the microcomputer in read array mode. Enter the read address in
the next or subsequent bus cycles, and the content of the specified address can be read in 16-bit units.

Because the microcomputer remains in read array mode until another command is written, the contents of
multiple addresses can be read in succession.

Read Status Register Command (7016)
This command reads the status register.

Write ‘exx7016’ in the first bus cycle, and the status register can be read in the second bus cycle. (Refer to
“Status Register.””) When reading the status register too, specify an even address in the user ROM area.
Do not execute this command in EW1 mode.
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Clear Status Register Command

This command clears the status register to “0”.
Write ‘exx5016’ in the first bus cycle, and the FMRO06 to FMRO7 bits in the FMRO register and SR4 to SRS in
the status register will be cleared to “0”.

Program Command

This command writes data to the flash memory in 1 word (2 byte) units.

Write ‘exx4016’ in the first bus cycle and write data to the write address in the second bus cycle, and an auto
program operation (data program and verify) will start. Make sure the address value specified in the first bus
cycle is the same even address as the write address specified in the second bus cycle.

Check the FMRO0O0 bit in the FMRO register to see if auto programming has finished. The FMROO bit is “0”
during auto programming and set to “1” when auto programming is completed.

Check the FMRO6 bit in the FMRO register after auto programming has finished, and the result of auto
programming can be known. (Refer to “Full Status Check.”)

Each block can be protected against programming by a lock bit. (Refer to “Data Protect Function.”)

Be careful not to write over the already programmed addresses.

In EW1 mode, do not execute this command on any address at which the rewrite control program is located.

In EW0 mode, the microcomputer goes to read status register mode at the same time auto programming starts,
making it possible to read the status register. The status register bit 7 (SR7) is cleared to “0” at the same time
auto programming starts, and set back to “1” when auto programming finishes. In this case, the microcomputer
remains in read status register mode until a read command is written next. The result of auto programming can
be known by reading the status register after auto programming has finished.

[ Start ]
v

Write the command code ‘xx4016’
to the write address

v

Write data to the write address

YES

Full status check

v

Program
completed

Note: Write the command code and data at even number.

Figure 17.8 Program Command
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Block Erase

Write ‘exx2016 in the first bus cycle and write ‘exxD016” to the uppermost address of a block (even address,
however) in the second bus cycle, and an auto erase operation (erase and verify) will start.

Check the FMRO register’s FMROO bit to see if auto erasing has finished.

The FMROO bit is “0” during auto erasing and set to “1” when auto erasing is completed.

Check the FMRO register’s FMRO7 bit after auto erasing has finished, and the result of auto erasing can be
known. (Refer to “Full Status Check.”)

Figure 17.9 shows an example of a block erase flowchart.

Each block can be protected against erasing by a lock bit. (Refer to “Data Protect Function.”) In EW1 mode, do
not execute this command on any address at which the rewrite control program is located.

In EW0 mode, the microcomputer goes to read status register mode at the same time auto erasing starts, making
it possible to read the status register. The status register bit 7 (SR7) is cleared to “0” at the same time auto
erasing starts, and set back to “1” when auto erasing finishes. In this case, the microcomputer remains in read
status register mode until the Read Array or Read Lock Bit Status command is written next.

[ Start ]

v

Write the command code ‘xx2016’

v

Write ‘xxD016’ to the uppermost
block address

YES

Full status check

v

[ Block erase completed ]

Note: Write the command code and data at even number.

Figure 17.9  Block Erase Command
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Lock Bit Program Command

This command sets the lock bit for a specified block to “0” (locked).

Write ‘exx7716 in the first bus cycle and write ‘exxD016” to the uppermost address of a block (even address,
however) in the second bus cycle, and the lock bit for the specified block is cleared to “0”.

Make sure the address value specified in the first bus cycle is the same uppermost block address that is specified
in the second bus cycle.

Figure 17.10 shows an example of a lock bit program flowchart. The lock bit status (lock bit data) can be read
using the Read Lock Bit Status command.

Check the FMRO register’s FMROO bit to see if writing has finished.

For details about the lock bit function, and on how to set the lock bit to “1”, refer to “Data Protect Function.”

[ Start ]
v

Write command code ‘xx7716’ to
the uppermost block address

v

Write ‘xxD016’ to the uppermost
block address

YES

Full status check

[ Lock bit program completed]

Note: Write the command code and data at even number.

Figure 17.10 Lock Bit Program Command
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Read Lock Bit Status Command

This command reads the lock bit status of a specified block.

Write ‘exx7116’ in the first bus cycle and write ‘exxDO016” to the uppermost address of a block (even address,
however) in the second bus cycle, and the lock bit status of the specified block is stored in the FMRI1 register’s
FMR16 bit. Read the FMR16 bit after the FMRO register’s FMROO bit is set to “1” (ready).

Figure 17.11 shows an example of a read lock bit status flowchart.

[ Start ]

v

Write the command code ‘xx7116’

v

Write ‘xxD016’ to the uppermost
block address

YES

NO

YES

[ Locked ] [ Not locked ]

Note: Write the command code and data at even number.

Figure 17.11 Read Lock Bit Status Command
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17.6 Data Protect Function

Each block in the flash memory has a nonvolatile lock bit. The lock bit is effective when the FMRO02 bit = 0 (lock
bit enabled). The lock bit allows each block to be individually protected (locked) against programming and erasure.
This helps to prevent data from inadvertently written to or erased from the flash memory. The following shows the
relationship between the lock bit and the block status.

* When the lock bit = 0, the block is locked (protected against programming and erasure).
* When the lock bit = 1, the block is not locked (can be programmed or erased).

The lock bit is cleared to “0” (locked) by executing the Lock Bit Program command, and is set to “1” (unlocked) by
erasing the block. The lock bit cannot be set to “1” by a command.
The lock bit status can be read using the Read Lock Bit Status command.

The lock bit function is disabled by setting the FMRO02 bit to “1”, with all blocks placed in an unlocked state.

(The lock bit data itself does not change state.) Setting the FMRO02 bit to “0” enables the lock bit function (lock bit
data retained).

If the Block Erase command is executed while the FMRO2 bit = 1, the target block or all blocks are erased
irrespective of how the lock bit is set. The lock bit for each block is set to “1”” after completion of erasure.

For details about the commands, refer to “Software Commands.”

17.7 Status Register

The status register indicates the operating status of the flash memory and whether an erase or programming
operation terminated normally or in error. The status of the status register can be known by reading the FMRO
register’s FMR00, FMR06, and FMRO7 bits.
Table 17.5 shows the status register.
In EWO0 mode, the status register can be read in the following cases:
(1) When a given even address in the user ROM area is read after writing the Read Status Register command
(2) When a given even address in the user ROM area is read after executing the Program, Block Erase, or Lock
Bit Program command but before executing the Read Array command.

Sequencer Status (SR7 and FMRO0O0 Bits )

The sequence status indicates the operating status of the flash memory. SR7 = 0 (busy) during auto
programming, auto erase, and lock bit write, and is set to “1” (ready) at the same time the operation finishes.

Erase Status (SR5 and FMRO07 Bits)
Refer to “Full Status Check.”

Program Status (SR4 and FMRO06 Bits)
Refer to “Full Status Check.”
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Table 17.5  Status Register

Status FMRO Contents Value
register register Status name after
bit bit "0" 1" reset
SR7 (D7) FMROO Sequencer status Busy Ready 1
SR6 (Ds) — Reserved - - e
SR5 (D5) FMRO7 Erase status Terminated normally | Terminated in error
SR4 (D4) FMRO6 Program status Terminated normally | Terminated in error
SR3 (D3)  — Reserved - - S
SR2 (D2) e Reserved - - _
SR1 (D1) e Reserved - - —
SRO (Do) E— Reserved - - —_—

* DO to D7: Indicates the data bus which is read out when the Read Status Register command is executed.

» The FMRO7 bit (SR5) and FMRO06 bit (SR4) are cleared to “0” by executing the Clear Status Register command.

* When the FMRO7 bit (SR5) or FMRO6 bit (SR4) = 1, the Program, Block Erase, and Lock Bit Program commands
are not accepted.
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17.8 Full Status Check

When an error occurs, the FMRO register’s FMR06 to FMRO7 bits are set to “1”, indicating occurrence of each
specific error. Therefore, execution results can be verified by checking these status bits (full status check). Table
17.6 lists errors and FMRO register status. Figure 17.12 shows a full status check flowchart and the action to be
taken when each error occurs.

Table 17.6  Errors and FMRO Register Status

FRMOO register
(status register)
status Error Error occurence condition
FMR0O7 | FMR06
(SR5) (SR4)
1 1 Command * When any command is not written correctly
sequence error | * When invalid data was written other than those that can be writ-
ten in the second bus cycle of the Lock Bit Program or Block
Erase command (i.e., other than ‘xxD016’ or ‘xxFF16’) (Note 1)

1 0 Erase error » When the Block Erase command was executed on locked blocks
(Note 2)

* When the Block Erase command was executed on unlocked
blocks but the blocks were not automatically erased correctly

0 1 Program error | » When the Program command was executed on locked blocks
(Note 2)

* When the Program command was executed on unlocked blocks

but the blocks were not automatically programmed correctly.
* When the Lock Bit Program command was executed but not pro-

grammed correctly

Note 1: If "xxFF16" is written by the 2nd bus cycle of these commands, it will become lead array mode and
the command code written by the 1st bus cycle will become invalid simultaneously.
Note 2: When FMRO2 bit is "1" (lock bit is invalid), an error is not generated on these conditions.
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( Full status check )

FMRO06 =1
and
FMR07=1?

sequence error

YES

FMRO06=
0?

YES

v

[Full status check completed]

Command ] .

[ Erase error ] .-

NO [ ]
Program error .-

Note 4: If FMR0O6 or FMRO7 = 1, any of the Program, Block Erase, Lock Bit Program, or
Read Lock Bit Status command is not accepted. Execute the Clear Status Register
command before executing those commands.

(1) Execute the Clear Status Register command to
clear these status flags to “0”.

(2) Reexecute the command after checking that it is
entered correctly.

(1) Execute the Clear Status Register command to
clear the erase status flag to “0”.

(2) Execute the Read Lock Bit Status command to see
if the lock bit for the block in error is “0”. If so, set
the FMRO register's FMRO02 bit to “1”.

(3) Reexecute the Block Erase command.

Note 1: If the error still occurs, the block in error
cannot be used.
Furthermore, if the lock bit = 1 in (2) above,
the block in error cannot be used either.

[During programming]

(1) Execute the Clear Status Register command to
clear the program status flag to “0”.

(2) Execute the Read Lock Bit Status command to see
if the lock bit for the block in error is “0”. If so, set
the FMRO register's FMRO2 bit to “1”.

(3) Reexecute the Program command.

Note 2: If the error still occurs, the block in error
cannot be used.
Furthermore, if the lock bit = 1 in (2) above,
the block in error cannot be used either.

[During lock bit programming]
(1) Execute the Clear Status Register command to
clear the program status flag to “0”.
(2) Set the FMRO register's FMRO02 bit to “1”.
(3) Execute the Block Erase command to erase the
block in error.
(4) Reexecute the Lock Bit command.

Note 3: If the error still occurs, the block in error
cannot be used.

Figure 17.12 Full Status Check and Handling Procedure for Each Error

Rev.2.10  Oct 25, 2006
REJ03B0152-0210

Page 301 of 326

RENESAS



M306H7MG-XXXFP/MC-XXXFP/FGFP 17. FLASH MEMORY VERSION

17.9 Standard Serial /0 Mode

In standard serial input/output mode, the user ROM area can be rewritten while the microcomputer is mounted on-
board by using a serial programmer suitable for M306H7FGFP. For more information about serial programmers,
contact the manufacturer of your serial programmer. For details on how to use, refer to the user’s manual included
with your serial programmer.

Table 17.7 lists pin functions (flash memory standard serial input/output mode). Figures 17.13 show pin
connections for serial input/output mode.

17.9.1 ID Code Check Function

This function determines whether the ID codes sent from the serial programmer and those written in the flash
memory match. (Refer to the description of the functions to inhibit rewriting flash memory version.)
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Table 17.7  Pin Functions (Flash Memory Standard Serial I/O Mode)
Pin Name 110 Description
. Input Vcc1 to Vet pin. Input 4.75 to 5.25V to Vce2 pin. Input condition
Vccei, Veez, Vss | Power input is \/oC1 < VoC2.
CNVss CNVss | Connect to Vcc2 pin.
RESET Reset input I Reset input pin. While RESET pin is "L" level, input a 20 cycle or
longer clock to XIN pin.
M1 Mode select | Connect to Vss pin.
STARTB Oscillation selection input | Connect to Vss pin.
: Connect a ceramic resonator or crystal oscillator between XIN and
XIN Clock input ! XouT pins. To input an externally generated clock, input it to XIN pin
XouT Clock output o | andopen XouT pin.
Avcc, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc2, respectively
Apply Vcce2 to AVece pin and OV to AVSS pin..
PO0o to P07 Input port PO | Input "H" or "L" level signal or open.
P10 to P17 Input port P1 | Input "H" or "L" level signal or open.
P20 to P27 Input port P2 I Input "H" or "L" level signal or open.
P30 to P37 Input port P3 I Input "H" or "L" level signal or open.
P40 to P47 Input port P4 | Input "H" or "L" level signal or open.
ps P51to P57 | Input port P5 I | Input "H" or "L" level signal or open.
P50 CE input | Input "H" level signal.
P60 to P63 | Input port P6 | Input "H" or "L" level signal or open.
BTaq Standard serial /0 mode 1: BUSY signal output pin
PB4/RTS1 BUSY output © Standard serial I/O mode 2: Monitors the boot program operation
PG check signal output pin.
P65/CLK1 | SCLK input I Standard serial /0 mode 1: Serial clock input pin
65/C inpu Standard serial /0 mode 2: Input "L".
P66/RXD1 | RxD input I Serial data input pin
P67/TXD1 TxD output O | Serial data output pin (Note 1)
P70 to P77 Input port P7 | Input "H" or "L" level signal or open.
Ego to P84, P86, | |nput port P8 I Input "H" or "L" level signal or open.
7
P85/NM1 NMI input | Connect this pin to Vcce.
P9o to P97 Input port P9 | Input "H" or "L" level signal or open.
VDD2, Vss2 Power input Connect VDD2 pin to Vcc2 and connect Vss2 pin to Vss.
Apply Vcce2 to VbD2 pin and 0V to Vss2 pin.
LP3, LP4 Filter output O | Open
CVIN1, SYNCIN | Compound video input I Input "H" or "L" level signal or open.
VCCOFF Vcc1 faction power supply I Input "L" level signal.

input switch

Note 1: When using standard serial input/output mode 1, the TxD pin must be held high while the RESET
pin is pulled low. Therefore, connect this pin to Vcc1 via a resistor. Because this pin is directed for
data output after reset, adjust the pull-up resistance value in the system so that data transfers will

not be affected.
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Signal line name Value
CNVss Vce
Note 1. Connect an oscillation circuit. M1 Vss
Note 2. Figure is a use example for Vcc1=VCC2.
RESET Vss—Vcce
CE Vce

Figure 17.13 Pin Connections for Serial /O Mode
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17.9.2 Example of Circuit Application in the Standard Serial I/O Mode

Figure 17.14 and 17.15 show example of circuit application in standard serial /O mode 1 and mode 2,
respectively. Refer to the user's manual for serial writer to handle pins controlled by a serial writer.

SCLK input

TxD input

BUSY output

RxD output

Reset input

ik

Microcomputer

il

-1

User reset
signal

P65/CLK1

P50(CE)

P67/TxD1

P64/RTSH1

P66/RxD1

RESET

P85/NMI

STARTB
VCCOFF

CNVss

M1

wwww

V4

(1) Control pins and external circuitry will vary according to programmer.
For more information, see the programmer manual.

(2) In this example, modes are switched between single-chip mode and standard serial
input/output mode by controlling the CNVss input with a switch.

(3) If in standard serial input/output mode 1 there is a possibility that the user reset
signal will go low during serial input/output mode, break the connection between
the user reset signal and RESET pin by using, for example, a jumper switch.

Figure 17.14 Circuit Application in Standard Serial /0 Mode 1
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Microcomputer

| P65/CLK1 P50(C_E) g
; TxD output P67/TxD1 M1
Monitor output P64/RST1 -?— §

(RxDinput ) »-| P66/RXD1 CNVss é
P85/NMI %

STARTB

VCCOFF

/4

(1) In this example, modes are switched between single-chip mode and standard serial
input/output mode by controlling the CNVss input with a switch.

Figure 17.15 Circuit Application in Standard Serial /o Mode 2
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17.10 Parallel /O Mode

In parallel input/output mode, the user ROM and boot ROM areas can be rewritten by using a parallel programmer
suitable for M306H7FGFP. For more information about parallel programmers, contact the manufacturer of your
parallel programmer. For details on how to use, refer to the user’s manual included with your parallel programmer.

17.10.1 User ROM and Boot ROM Areas

In the boot ROM area, an erase block operation is applied to only one 4 Kbyte block. The boot ROM area
contains a standard serial input/output mode based rewrite control program which was written in it when
shipped from the factory. Therefore, when using a serial programmer, be careful not to rewrite the boot ROM

area.
When in parallel output mode, the boot ROM area is located at addresses OFF00016 to OFFFFF16. When
rewriting the boot ROM area, make sure that only this address range is rewritten. (Do not access other than the

addresses OFF00016 to OFFFFF16.)

17.10.2 ROM Code Protect Function

The ROM code protect function inhibits the flash memory from being read or rewritten. (Refer to the
description of the functions to inhibit rewriting flash memory version.)
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19. USEGE NOTES

19.1

Precautions for Power Control

(1) When exiting stop mode by hardware reset, set RESET pin to “L” until a main clock or sub clock

oscillation is stabilized.

(2) Insert more than four NOP instructions after an WAIT instruction or a instruction to set the CM10 bit of

CM1 register to “1”. When shifting to wait mode or stop mode, an instruction queue reads ahead to the next
instruction to halt a program by an WAIT instruction and an instruction to set the CM10 bit to “1” (all
clocks stopped). The next instruction may be executed before entering wait mode or stop mode, depending
on a combination of instruction and an execution timing.

(3) Wait until the main clock oscillation stabilization time, before switching the clock source for CPU clock to

the main clock.
Similarly, wait until the sub clock oscillates stably before switching the clock source for CPU clock to the
sub clock.

(4) Suggestions to reduce power consumption

19.2

* Ports
The processor retains the state of each I/O port even when it goes to wait mode or to stop mode. A current
flows in active I/O ports. A pass current flows in input ports that high-impedance state. When entering wait
mode or stop mode, set non-used ports to input and stabilize the potential.

* A/D converter
When A/D conversion is not performed, set the VCUT bit of ADiCONI1 register to “0” (no VREF
connection). When A/D conversion is performed, start the A/D conversion at least 1 fEs or longer after
setting the VCUT bit to “1” (VREF connection).

* Stopping peripheral functions
Use the CMO register CMO02 bit to stop the unnecessary peripheral functions during wait mode. However,
because the peripheral function clock (fC32) generated from the sub-clock does not stop, this measure is not
conducive to reducing the power consumption of the chip. If low speed mode or low power dissipation
mode is to be changed to wait mode, set the CMO02 bit to “0” (do not peripheral function clock stopped
when in wait mode), before changing wait mode.

* Switching the oscillation-driving capacity
Set the driving capacity to “LOW” when oscillation is stable.

* External clock
When using an external clock input for the CPU clock, set the CMO register CMOS bit to “1” (stop). Setting
the CMO5 bit to “1” disables the XOUT pin from functioning, which helps to reduce the amount of current
drawn in the chip. (When using an external clock input, note that the clock remains fed into the chip
regardless of how the CMO5 bit is set.)

Precautions for Protect

Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be cleared to “0” (write
protected). The registers protected by the PRC2 bit should be changed in the next instruction after setting the PRC2
bit to “1”. Make sure no interrupts or DMA transfers will occur between the instruction in which the PRC2 bit is set
to “1” and the next instruction.

19.3

19.3.1

Do not read the address 0000016 in a program. When a maskable interrupt request is accepted, the CPU reads
interrupt information (interrupt number and interrupt request priority level) from the address 0000016 during the
interrupt sequence. At this time, the IR bit for the accepted interrupt is cleared to “0”.

If the address 0000016 is read in a program, the IR bit for the interrupt which has the highest priority among the
enabled interrupts is cleared to “0”. This causes a problem that the interrupt is canceled, or an unexpected
interrupt request is generated.

Precautions for Interrupts

Reading address 0000016
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19.3.2 Setting the SP

Set any value in the SP (USP, ISP) before accepting an interrupt. The SP (USP, ISP) is cleared to ‘000016’ after
reset. Therefore, if an interrupt is accepted before setting any value in the SP (USP, ISP), the program may go
out of control.

Especially when using NMI interrupt, set a value in the ISP at the beginning of the program. For the first and
only the first instruction after reset, all interrupts including NMI interrupt are disabled.

19.3.3 The NMI Interrupt

(1) The NMI interrupt cannot be disabled. If this interrupt is unused, connect the NMI pin to VCC via a
resistor (pull-up).

(2) The input level of the NMI pin can be read by accessing the P8 register’s P8 5 bit. Note that the P8 5
bit can only be read when determining the pin level in NMI interrupt routine.

(3) Stop mode cannot be entered into while input on the NMI pin is low. This is because while input on the
NMI pin is low the CM1 register’s CM10 bit is fixed to “0”.

(4) Do not go to wait mode while input on the NMI pin is low. This is because when input on the NMI pin
goes low, the CPU stops but CPU clock remains active; therefore, the current consumption in the chip
does not drop. In this case, normal condition is restored by an interrupt generated thereafter.

(5) The low and high level durations of the input signal to the NMI pin must each be 2 CPU clock cycles +
300 ns or more.

19.3.4 Changing the Interrupt Generate Factor

If the interrupt generate factor is changed, the IR bit in the interrupt control register for the changed interrupt
may inadvertently be set to “1” (interrupt requested). If you changed the interrupt generate factor for an
interrupt that needs to be used, be sure to clear the IR bit for that interrupt to “0” (interrupt not requested).
“Changing the interrupt generate factor” referred to here means any act of changing the source, polarity or
timing of the interrupt assigned to each software interrupt number. Therefore, if a mode change of any
peripheral function involves changing the generate factor, polarity or timing of an interrupt, be sure to clear the
IR bit for that interrupt to “0” (interrupt not requested) after making such changes.

Refer to the description of each peripheral function for details about the interrupts from peripheral

functions.

Figure 19.1 shows the procedure for changing the interrupt generate factor.
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C Changing the interrupt source)

Disable interrupts (Note 2, Note 3)

Change the interrupt generate factor (including a mode change of peripheral function)

Use the MOV instruction to clear the IR bit to “0” (interrupt not requested) (Note 3)

Enable interrupts (Note 2, Note 3)

( End of change )

IR bit: A bit in the interrupt control register for the interrupt whose interrupt generate factor is to
be changed

Note 1: The above settings must be executed individually. Do not execute two or more settings
simultaneously (using one instruction).

Note 2: Use the I flag for the INTi interrupt (i = 0 to 5).
For the interrupts from peripheral functions other than the INTi interrupt, turn off the
peripheral function that is the source of the interrupt in order not to generate an interrupt
request before changing the interrupt generate factor. In this case, if the maskable interrupts
can all be disabled without causing a problem, use the | flag. Otherwise, use the corresponding
ILVL2 to ILVLO bit for the interrupt whose interrupt generate factor is to be changed.

Note 3: Refer to Section “Rewrite the Interrupt Control Register” for details about the
instructions to use and the notes to be taken for instruction execution.

Figure 19.1 Procedure for Changing the Interrupt Generate Factor

19.3.5 INT Interrupt

(1) Either an “L” level of at least tW(INL) or an “H” level of at least tW(INH) width is necessary for the
signal input to pins INTo through INTS5 regardless of the CPU operation clock.

(2) If the POL bit in the INTOIC to INTSIC registers or the IFSR7 to IFSRO bits in the IFSR register are
changed, the IR bit may inadvertently set to 1 (interrupt requested). Be sure to clear the IR bit to 0
(interrupt not requested) after changing any of those register bits.

19.3.6 Rewrite the Interrupt Control Register

(1) The interrupt control register for any interrupt should be modified in places where no requests for that
interrupt may occur. Otherwise, disable the interrupt before rewriting the interrupt control register.

(2) To rewrite the interrupt control register for any interrupt after disabling that interrupt, be careful with
the instruction to be used.

* Changing any bit other than the IR bit

If while executing an instruction, a request for an interrupt controlled by the register being modified occurs,

the IR bit in the register may not be set to “1” (interrupt requested), with the result that the interrupt request

is ignored. If such a situation presents a problem, use the instructions shown below to modify the register.
Usable instructions: AND, OR, BCLR, BSET
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* Changing the IR bit
Depending on the instruction used, the IR bit may not always be cleared to “0” (interrupt not requested).
Therefore, be sure to use the MOV instruction to clear the IR bit.

(3) When using the I flag to disable an interrupt, refer to the sample program fragments shown below as
you set the I flag. (Refer to (2) for details about rewrite the interrupt control registers in the sample
program fragments.)

Examples 1 through 3 show how to prevent the I flag from being set to “1” (interrupts enabled) before the

interrupt control register is rewrited, owing to the effects of the internal bus and the instruction queue buffer.

Example 1: Using the NOP instruction to keep the program waiting until the interrupt control

register is modified

INT SWITCHI:

FCLR 1 ; Disable interrupts.

AND.B  #00h, 0055h ; Set the TAOIC register to “0016”.
NOP ;

NOP

FSET I ; Enable interrupts.

The number of NOP instruction is as follows.
PM20=1(1 wait) : 2, PM20=0(2 wait) : 3, when using HOLD function : 4.

Example 2: Using the dummy read to keep the FSET instruction waiting

INT SWITCH2:

FCLR 1 ; Disable interrupts.

AND.B  #00h, 0055h ; Set the TAOIC register to “0016”.
MOV.W MEM, RO ; Dummy read.

FSET I ; Enable interrupts.

Example3: Using the POPC instruction to changing the | flag

INT_SWITCH3:

PUSHC FLG

FCLR 1 ; Disable interrupts.

AND.B  #00h, 0055h ; Set the TAOIC register to “0016”.
POPC FLG ; Enable interrupts.

* Watchdog Timer Interrupt
Initialize the watchdog timer after the watchdog timer interrupt occurs.
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19.4 Precautions for DMAC

19.4.1 Write to DMAE Bit in DMiCON Register

When both of the conditions below are met, follow the steps below.

Conditions
* The DMAE bit is set to “1” again while it remains set (DMAL is in an active state).
* A DMA request may occur simultaneously when the DMAE bit is being written.

Step 1: Write “1” to the DMAE bit and DMAS bit in DMiCON register simultaneously (*1).
Step 2: Make sure that the DMALI is in an initial state (*2) in a program.
If the DMALI is not in an initial state, the above steps should be repeated.

Notes

*1 The DMAS bit remains unchanged even if “1” is written. However, if “0” is written to this bit, it is set
to “0” (DMA not requested). In order to prevent the DMAS bit from being modified to “0”, “1” should
be written to the DMAS bit when “1” is written to the DMAE bit. In this way the state of the DMAS bit
immediately before being written can be maintained.
Similarly, when writing to the DMAE bit with a read-modify-write instruction, “1” should be written to
the DMAS bit in order to maintain a DMA request which is generated during execution.

*2 Read the TCRi register to verify whether the DMAI is in an initial state. If the read value is equal to a
value which was written to the TCRi register before DMA transfer start, the DMAI is in an initial state.
(If a DMA request occurs after writing to the DMAE bit, the value written to the TCRi register 1.) If the
read value is a value in the middle of transfer, the DMAI is not in an initial state.
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19.5 Precautions for Timers

Precautions for Timer A

19.5.1
(M

2

19.5.2
(M

2

19.5.3
(M

2

3)

“4)

)

Timer A

Timer A (Timer Mode)

The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR (i =0 to
4) register and the TAi register before setting the TAiS bit in the TABSR register to “1” (count starts).
Always make sure the TAIMR register is modified while the TAiS bit remains “0” (count stops) regardless
whether after reset or not.

While counting is in progress, the counter value can be read out at any time by reading the TAi register.
However, if the counter is read at the same time it is reloaded, the value “FFFF16” is read.

Also, if the counter is read before it starts counting after a value is set in the TAi register while not
counting, the set value is read.

Timer A (Event Counter Mode)

The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR (i =0 to
4) register, the TAi register, the UDF register, the ONSF register TAZIE, TAOTGL and TAOTGH bits and
the TRGSR register before setting the TAiS bit in the TABSR register to “1” (count starts).

Always make sure the TAIMR register, the UDF register, the ONSF register TAZIE, TAOTGL and
TAOTGH bits and the TRGSR register are modified while the TAiS bit remains “0” (count stops)
regardless whether after reset or not.

While counting is in progress, the counter value can be read out at any time by reading the TAi register.
However, “FFFF16” can be read in underflow, while reloading, and “000016” in overflow.

When setting TAi register to a value during a counter stop, the setting value can be read before a counter
starts counting.

Timer A (One-shot Timer Mode)

The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR (i=0 to
4) register, the TAi register, the ONSF register TAOTGL and TAOTGH bits and the TRGSR register before
setting the TAIS bit in the TABSR register to “1” (count starts).

Always make sure the TAIMR register, the ONSF register TAOTGL and TAOTGH bits and the TRGSR
register are modified while the TAiS bit remains “0” (count stops) regardless whether after reset or not.

When setting TAiS bit to “0” (count stop), the followings occur:

*A counter stops counting and a content of reload register is reloaded.

*TAiIOUT pin outputs “L”.

*After one cycle of the CPU clock, the IR bit of TAIIC register is set to “1” (interrupt request).

Output in one-shot timer mode synchronizes with a count source internally generated. When an external
trigger has been selected, one-cycle delay of a count source as maximum occurs between a trigger input to
TAIIN pin and output in one-shot timer mode.

The IR bit is set to “1” when timer operation mode is set with any of the following procedures:
*Select one-shot timer mode after reset.
*Change an operation mode from timer mode to one-shot timer mode.

*Change an operation mode from event counter mode to one-shot timer mode.
To use the timer Ai interrupt (the IR bit), set the IR bit to “0” after the changes listed above have been
made.

When a trigger occurs, while counting, a counter reloads the reload register to continue counting after
generating a re-trigger and counting down once. To generate a trigger while counting, generate a second
trigger between occurring the previous trigger and operating longer than one cycle of a timer count source.
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19.5.4 Timer A (Pulse Width Modulation Mode)

(M

2

3)

The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR (i =0 to
4) register, the TA1 register, the ONSF register TAOTGL and TAOTGH bits and the TRGSR register before
setting the TAiS bit in the TABSR register to “1” (count starts).

Always make sure the TAIMR register, the ONSF register TAOTGL and TAOTGH bits and the TRGSR
register are modified while the TAiS bit remains “0” (count stops) regardless whether after reset or not.

The IR bit is set to “1” when setting a timer operation mode with any of the following procedures:
*Select the PWM mode after reset.
*Change an operation mode from timer mode to PWM mode.

*Change an operation mode from event counter mode to PWM mode.
To use the timer Ai interrupt (interrupt request bit), set the IR bit to “0” by program after the above listed
changes have been made.

When setting TAiS register to “0” (count stop) during PWM pulse output, the following action occurs:
*Stop counting.

*When TAiOUT pin is output “H”, output level is set to “L” and the IR bit is set to “1”.

*When TAiIOUT pin is output “L”, both output level and the IR bit remains unchanged.
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Precautions for Timer B

19.5.5 Timer B (Timer Mode)

M

2

The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBiMR (i =
0 to 5) register and TBi register before setting the TBiS bit in the TABSR or the TBSR register to “1”
(count starts).

Always make sure the TBiMR register is modified while the TBiS bit remains “0” (count stops)
regardless whether after reset or not.

A value of a counter, while counting, can be read in TBi register at any time. “FFFF16” is read while
reloading. Setting value is read between setting values in TBi register at count stop and starting a
counter.

19.5.6 Timer B (Event Counter Mode)

Q)

2

The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBiMR (i =
0 to 5) register and TBi register before setting the TBiS bit in the TABSR or the TBSR register to “1”
(count starts).

Always make sure the TBiMR register is modified while the TBiS bit remains “0” (count stops)
regardless whether after reset or not.

The counter value can be read out on-the-fly at any time by reading the TBi register. However, if this
register is read at the same time the counter is reloaded, the read value is always “FFFF16.” If the TBi
register is read after setting a value in it while not counting but before the counter starts counting, the
read value is the one that has been set in the register.

19.5.7 Timer B (Pulse Period/pulse Width Measurement Mode)

)

2

(€))

“

&)

Q)

(7

®)

The timer remains idle after reset. Set the mode, count source, etc. using the TBiMR (i = 0 to 5) register
before setting the TBiS bit in the TABSR or the TBSR register to “1” (count starts).

Always make sure the TBiMR register is modified while the TBiS bit remains “0” (count stops)
regardless whether after reset or not. To clear the MR3 bit to “0” by writing to the TBiMR register while
the TBiS bit = “1” (count starts), be sure to write the same value as previously written to the TMODO,
TMOD1, MRO, MR 1, TCKO0 and TCK1 bits and a 0 to the MR2 bit.

The IR bit of TBilC register (i=0 to 5) goes to “1” (interrupt request), when an effective edge of a
measurement pulse is input or timer Bi is overflowed. The factor of interrupt request can be determined
by use of the MR3 bit of TBiMR register within the interrupt routine.

If the source of interrupt cannot be identified by the MR3 bit such as when the measurement pulse input
and a timer overflow occur at the same time, use another timer to count the number of times timer B has
overflowed.

To set the MR3 bit to “0” (no overflow), set TBiMR register with setting the TBiS bit to “1” and
counting the next count source after setting the MR3 bit to “1” (overflow).

Use the IR bit of TBIIC register to detect only overflows. Use the MR3 bit only to determine the
interrupt factor within the interrupt routine.

When a count is started and the first effective edge is input, an indeterminate value is transferred to the
reload register. At this time, timer Bi interrupt request is not generated.

A value of the counter is indeterminate at the beginning of a count. MR3 may be set to “1”” and timer Bi
interrupt request may be generated between a count start and an effective edge input.

For pulse width measurement, pulse widths are successively measured. Use program to check whether
the measurement result is an “H” level width or an “L” level width.
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19.6 Precautions for Serial I/0 (Clock-synchronous Serial 1/0)

19.6.1 Transmission/reception

With an external clock selected, and choosing the RTS function, the output level of the RTSi pin goes to “L”
when the data-receivable status becomes ready, which informs the transmission side that the reception has
become ready. The output level of the RTSi pin goes to “H” when reception starts. So if the RTSi pin is
connected to the CTSi pin on the transmission side, the circuit can transmission and reception data with
consistent timing. With the internal clock, the RTS function has no effect.

19.6.2 Transmission

When an external clock is selected, the conditions must be met while if the UiCO register’s CKPOL bit = “0”
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in the high state; if the UiCO register’s CKPOL bit = “1” (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.
* The TE bit of UiCl1 register= “1” (transmission enabled)
* The TI bit of UiCl1 register = “0” (data present in UiTB register)

* If CTS function is selected, input on the CTSi pin = “L”

19.6.3 Reception

(1) In operating the clock-synchronous serial I/O, operating a transmitter generates a shift clock. Fix
settings for transmission even when using the device only for reception. Dummy data is output to the
outside from the TxDi pin when receiving data.

(2) When an internal clock is selected, set the UiC1 register (i =0 to 2)’s TE bit to 1 (transmission enabled)
and write dummy data to the UiTB register, and the shift clock will thereby be generated.
When an external clock is selected, set the UiCl1 register (i= 0 to 2)’s TE bit to 1 and write dummy data
to the UiTB register, and the shift clock will be generated when the external clock is fed to the CLKi
input pin.

(3) When successively receiving data, if all bits of the next receive data are prepared in the UARTi receive
register while the UiCl register (i = 0 to 2)’s RE bit = “1” (data present in the UiRB register), an
overrun error occurs and the UiRB register OER bit is set to “1” (overrun error occurred). In this case,
because the content of the UiRB register is indeterminate, a corrective measure must be taken by
programs on the transmit and receive sides so that the valid data before the overrun error occurred will
be retransmitted. Note that when an overrun error occurred, the SiRIC register IR bit does not change
state.

(4) To receive data in succession, set dummy data in the lower-order byte of the UiTB register every time
reception is made.

(5) When an external clock is selected, the conditions must be met while if the CKPOL bit = “0”, the
external clock is in the high state; if the CKPOL bit = “1”, the external clock is in the low state.

*. The RE bit of UiCl1 register= “1” (reception enabled)
*. The TE bit of UiCl register= “1” (transmission enabled)
*. The TI bit of UiC1 register= “0” (data present in the UiTB register)

Rev.2.10  Oct25,2006 Page3170f326 ZXENESANAS
REJ03B0152-0210



M306H7MG-XXXFP/MC-XXXFP/FGFP 19. USAGENOTES

19.7 Precautions for Serial /0 (UART Mode)

19.7.1 Special Mode 4 (SIM Mode)

A transmit interrupt request is generated by setting the U2C1 register U2IRS bit to “1” (transmission complete)
and U2ERE bit to “1” (error signal output) after reset. Therefore, when using SIM mode, be sure to clear the IR
bit to “0” (no interrupt request) after setting these bits.

19.8 Precautions for A/D Converter

(1) Set ADCONO (except bit 6), ADCONI1 and ADCON?2 registers when A/D conversion is stopped (before a
trigger occurs).

(2) When the VCUT bit of ADCONI register is changed from “0” (Vref not connected) to “1” (Vref
connected), start A/D conversion after passing 1 ps or longer.

(3) To prevent noise-induced device malfunction or latchup, as well as to reduce conversion errors, insert
capacitors between the AVCC and analog input pins (ANi (i=0 to 7)) each and the AVSS pin. Similarly,
insert a capacitor between the VCC pin and the VSS pin. Figure 19.2 is an example connection of each pin.

(4) Make sure the port direction bits for those pins that are used as analog inputs are set to “0” (input mode).
Also, if the ADCONO register’s TGR bit = 1 (external trigger), make sure the port direction bit for the
ADTRG pin is set to “0” (input mode).

(5) The ¢AD frequency must be 10 MHz or less. Without sample-and-hold function, limit the AD frequency
to 250kHz or more. With the sample and hold function, limit the AD frequency to IMHZ or more.

(6) When changing an A/D operation mode, select analog input pin again in the CH2 to CHO bits of ADCONO
register and the SCAN1 to SCANO bits of ADCONI register.

(7) If the CPU reads the ADi register (i = 0 to 7) at the same time the conversion result is stored in the ADi
register after completion of A/D conversion, an incorrect value may be stored in the ADi register. This
problem occurs when a divide-by-n clock derived from the main clock or a subclock is selected for CPU
clock.

* When operating in one-shot or single-sweep mode
Check to see that A/D conversion is completed before reading the target ADi register. (Check the ADIC
register’s IR bit to see if A/D conversion is completed.)

* When operating in repeat mode or repeat sweep mode 0 or 1
Use the main clock for CPU clock directly without dividing it.

(8) If A/D conversion is forcibly terminated while in progress by setting the ADCONO register’s ADST bit to
“0” (A/D conversion halted), the conversion result of the A/D converter is indeterminate. The contents of
ADi registers irrelevant to A/D conversion may also become indeterminate. If while A/D conversion is
underway the ADST bit is cleared to “0” in a program, ignore the values of all ADi registers.
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Microcomputer

Vcet
| Vcc1 (16pin) AVcece
C4

:h Vss

Vee? AVss
| Vcc2 (62pin)
C5 ANi

% Vss

ANi: ANi (i=0 to 7)

Note 1: C1>0.47uF, C2>0.47uF, C3>100pF, C4>0.1uF, C5>0.1uF (reference)
Note 2: Use thick and shortest possible wiring to connect capacitors.

? veez

T

C3——

Figure 19.2 Use of capacitors to reduce noise
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19.9 Precautions for Programmable 1/O Ports

(1) Setting the SM32 bit in the S3C register to “1” causes the P92 pin to go to a high-impedance state.
Similarly, setting the SM42 bit in the S4C register to “1” causes the P96 pin to go to a high-impedance
state.

(2) The input threshold voltage of pins differs between programmable input/output ports and peripheral
functions.
Therefore, if any pin is shared by a programmable input/output port and a peripheral function and the input
level at this pin is outside the range of recommended operating conditions VIH and VIL (neither “high” nor
“low”), the input level may be determined differently depending on which side—the programmable input/
output port or the peripheral function—is currently selected.

19.10 Electric Characteristic Differences Between Mask ROM and Flash Memory
Version Microcomputers

Flash memory version and mask ROM version may have different characteristics, operating margin,

noise tolerated dose, noise width dose in electrical characteristics due to internal ROM, different layout pattern, etc.
When switching to the mask ROM version, conduct equivalent tests as system evaluation tests conducted in the
flush memory version.

19.11 Precautions for Flash Memory Version

19.11.1 Precautions for Functions to Inhibit Rewriting Flash Memory Rewrite

ID codes are stored in addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and
OFFFFBIs6. If wrong data are written to theses addresses, the flash memory cannot be read or written in standard
serial /0O mode.

The ROMCEP register is mapped in address OFFFFF 16. If wrong data is written to this address, the flash memory
cannot be read or written in parallel I/O mode.

In the flash memory version of microcomputer, these addresses are allocated to the vector addresses (H) of
fixed vectors.

19.11.2 Precautions for Stop mode

When shifting to stop mode, the following settings are required:
¢ Set the FMRO1 bit to “0” (CPU rewrite mode disabled) and disable DMA transfers before setting the CM 10
bit to “1” (stop mode).
* Execute the JMP.B instruction subsequent to the instruction which sets the CM10 bit to “1” (stop mode)
Example program BSET 0,CM 1 ; Stop mode
JMP.B L1
L1:
Program after returning from stop mode
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19.11.3 Precautions for Wait mode

When shifting to wait mode, set the FMRO1 bit to “0” (CPU rewrite mode diabled) before executing the WAIT
instruction.

19.11.4 Precautions for Low power dissipation mode

If the CMOS bit is set to “1” (main clock stop), the following commands must not be executed.
* Program
* Block erase
* Lock bit program

19.11.5 Writing command and data

Write the command code and data at even addresses.

19.11.6 Precautions for Program Command

Write ‘xx4016’ in the first bus cycle and write data to the write address in the second bus cycle, and an auto
program operation (data program and verify) will start. Make sure the address value specified in the first bus
cycle is the same even address as the write address specified in the second bus cycle.

19.11.7 Precautions for Lock Bit Program Command

Write ‘xx7716’ in the first bus cycle and write ‘xxD016’ to the uppermost address of a block (even address,
however) in the second bus cycle, and the lock bit for the specified block is cleared to “0”.

Make sure the address value specified in the first bus cycle is the same uppermost block address that is specified
in the second bus cycle.

19.11.8 Operation speed

Before entering CPU rewrite mode (EW0 or EW1 mode), select 10 MHz or less for CPU clock using the CMO
register’s CM06 bit and CM1 register’s CM17-6 bits. Also, set the PM1 register’s PM17 bit to 1 (with wait
state).

19.11.9 Instructions inhibited against use

The following instructions cannot be used in EW0 mode because the flash memory’s internal data is referenced:
UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

19.11.10 Interrupts
EWO0 Mode

* Any interrupt which has a vector in the variable vector table can be used providing that its vector is
transferred into the RAM area.

* The NMI and watchdog timer interrupts can be used because the FMRO register and FMR1 register are
initialized when one of those interrupts occurs. The jump addresses for those interrupt service routines
should be set in the fixed vector table.

Because the rewrite operation is halted when a NMI or watchdog timer interrupt occurs, the rewrite
program must be executed again after exiting the interrupt service routine.

* The address match interrupt cannot be used because the flash memory’s internal data is referenced.

EW1 Mode
* Make sure that any interrupt which has a vector in the variable vector table or address match interrupt will
not be accepted during the auto program or auto erase period.
* Avoid using watchdog timer interrupts.
* The NMI interrupt can be used because the FMRO register and FMRI1 register are initialized when this
interrupt occurs. The jump address for the interrupt service routine should be set in the fixed vector table.

Because the rewrite operation is halted when a NMI interrupt occurs, the rewrite program must be executed
again after exiting the interrupt service routine.
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19.11.11 How to access

To set the FMRO1, FMRO02, or FMR11 bit to “1”, write “0” and then “1” in succession. This is necessary to
ensure that no interrupts or DMA transfers will occur before writing “1” after writing “0”. Also only when NMI
pinis “H” level.

19.11.12 Writing in the user ROM area
EWO0 Mode

* [f the power supply voltage drops while rewriting any block in which the rewrite control program is stored,
a problem may occur that the rewrite control program is not correctly rewritten and, consequently, the flash
memory becomes unable to be rewritten thereafter. In this case, standard serial 1/O or parallel /O mode
should be used.

EW1 Mode
* Avoid rewriting any block in which the rewrite control program is stored.

19.11.13 DMA transfer

In EW1 mode, make sure that no DMA transfers will occur while the FMRO register’s FMRO0O0 bit = 0
(during the auto program or auto erase period).

19.11.14 Regarding Programming/Erasure Times and Execution Time

As the number of programming/erasure times increases, so does the execution time for software commands
(Program, Block Erase, and Lock Bit Program). Especially when the number of programming/erasure times
exceeds 100, the software command execution time is noticeably extended.

Therefore, the software command wait time that is set must be greater than the maximum rated value of
electrical characteristics.

The software commands are aborted by hardware reset 1, NMI interrupt, and watchdog timer interrupt. If a
software command is aborted by such reset or interrupt, the block that was in process must be erased before
reexecuting the aborted command.
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19.12 Other Notes

19.12.1 When the power is being turned on or off

Start VccCl1, Vcc2, VDD2 and AVCC simultaneously.

While this device is operating, set these pins to the same electric potential.

Also, turn off Vcc1, Vcc2, VDD2 and AVCC simultaneously when the power supply is being turned off.

When using VCC1 < VcC2, ensure voltage of Vcc1 will not exceed voltage of Vcc2 while the power is being
turned on or off.

Execute in the following procedure when VCC1 is turned off (VCC2 voltage is supplied).

19.12.2 Procedure of Vcc1 OFF(Note 1)

(1) Disable an interrupt which uses pins related to VCcC1.
(2) Stop peripheral functions related to VccC1 (Note 2).
(3) Set pins related to VCC1 to input mode.

(4) VCCOFF pin is switched from “L” to “H” .

(5) Turn off Vccl.

19.12.3 Procedure of Vcc1 ON

(1) Turn on Vcci.
(2) VCCOFF pin (91-pin) is switched from “H” to “L” .
(3) Set pins Vccl, Peripheral function and Interrupt.

Note 1: Refer to the following “Additions” for details of procedures (1) to (4).
Note 2: Only when the input from pins related to VccC1 is used. Refer to the following “Additions” for details.

<Additions>
(1) Disable an affected interrupt by pins related to VCCl.
Disable an affected interrupt by pins related to VCC1 by setting the interrupt priority level selection and the
interrupt request bits in the the following interrupt control register to “0”.
In the transitional state when changing the power supply voltage including being turned on or off, ensure
each voltage of Vcci, VDD2, and VDD3 will not exceed voltage of Vcc2.
TAOIC to TA4IC (timer A interrupt control register)
INTO to INT2IC (external interrupt control register)
SORIC to S2RIC (UART receive interrupt control register)

Even if other interrupts are disabled without any problem in software, clear the I flag and it is also possible to
execute the above interrupt disable process after the procedure (4).

(2) Stop peripheral functions related to VCCi
Stop the function when pins related to VCC1 input affect.
When pins related to VCC1 input affect as follows:

*When operating in timer A (TAO to TA4) and the event count mode

*When the gate input function is used in the event count mode, the one-shot timer, and PWM mode.
(When the MR2 bit in the timer A mode registers TAOMR to TA4MR are set to “1”)

*When UART to UART?2 reception are set

Set the following in these cases.
*Timer A
Set the timer count start flags of timers AO to A4 (TAOS to TA4S bits in the TABSR register) to “0”.
*UART reception
Set the RE and TE bits in the UOC1 to U2C1 registers to “0”.
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19.12.4 Precautions when sub clock starts
When a signal “H” is applied to the STARTB pin and a reset is deserted, a sub clock divided-by-8 becomes a
CPU clock.

When using in this condition, set the CM07 bit in the CMO register to “1” and switch the CPU clock to sub
clock (no division).

19.12.5 Power supply noise and latch-up

In order to avoid power supply noise and latch-up, connect a bypass capacitor (more than 0.1uF) directly
between the VCC pin and VSS pin, VDD2 pin and VSS2 pin, AVCC pin and AVSS pin using a heavy wire.
And, connect VSs (GND) to the TEST1 pin (93 pin) via the capacitor (more than 0.1uF).

19.12.6 When oscillation circuit stop for data slicer
Expansion register XTAL VCO, PDC_VCO_ON,VPS VCO ON is set at “L”, when the data slicer is not
used, and the oscillation is stopped. When starting oscillation again, set data at the folowing order.

(a) Set expansion register XTAL _VCO = “H.”
(b) Set expansion register PDC_VCO_ON, VPS VCO_ON = “H.”
(c) 60 ms or more is a waiting state (stability period of internal oscillation circuit + data slice prepara tion).

* To operate slice RAM, set expansion register XTAL VCO = “H.”
Access the memories after wating for 20 ms certainly when resuming synchronous oscillation from the off
state.

19.12.7 When operation start from stand-by mode (clock is stopped)

Set up an extended register as follows in standby mode.

(a) Set extended register XTAL VCO, PDC_VCO_ON, and VPS VCO ON as “L.”
When you return to an oscillation state from a clock oscillation stop, set up as the notes of the oscillation circuit
stop for data slicers.

19.12.8 Notes concerning address 3616 expansion registers and address 3E16
data setting
Please do not change data after setting initial data to the corresponding addresses 3616 and 3E16 interrupt

control bits when you use the interrupt of the expansion feature (SLICEON, remote control, HINT, clock timer,
and remote control transmission interrupt).
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19.12.9 Notes on operating with a low supply voltage (Vcc = 2.0 V to 5.5V, f(XCIN)
= 32 kHz)

When in single-chip mode, this product can operate with a low supply voltage only during low power
dissipation mode. Before operating with a low supply voltage, always be sure to set the relevant register bits to
select low power dissipation mode (BCLK : f(XCIN), main clock XIN : stop, subclock XCIN : oscillating). Then
reduce the power supply voltage Vcc to 3.0 V.

Also, when returning to normal operation, raise the power supply voltage to 5.0V while in low power
consumption mode before entering normal operation mode.

When moving from any operation mode to another, make sure a state transition occurs according to the state
transition diagram (Figure 4.9) in Section 4.4, “Power control.”

The status of the power supply voltage VcC during operation mode transition is shown in Figure 19.3 below.

Vce

Power control

. Normal operation mode| Low power dissipation mode Normal operation mode
operation modes

Note 1: Normal operation mode refers to the high-speed, medium-speed, and low-speed modes.
Note 2: When operating with a low supply voltage (2.6 V or more), be aware that only the CPU, ROM,
RAM, input/output ports, timers (timers A and B), clock timer, and the interrupt control circuit
can be used.
All other internal resources (e.g., data slicer, DMAC and A/D) cannot be used.
Note 3: When operating with a low supply voltage (less than 2.6 V), be aware that only the CPU, RAM, Input/Output
ports, clock timer, and interrupt control circuit can be used.

Figure 19.3  Status of the power supply voltage Vcc during operation mode transition

19.13 Serial I/O (RxDi input setup time)

For the RxDi input setup time, refer to the rated values shown below, as well as Electrical Characteristics Table
16.23, “Serial 1/0.”

Table 19.1 Serial I/0 (Vcc=5V)

Symbol Parameter 'Standard Unit
Min. Max.
tsu(D-C) RxDi input setup time 70 ns

Note: Refer to “Table 16.23. Serial I/0O of the Electrical Characteristics.
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19.14 Precautions for LP3 and LP4 pins

Cannect capacitors to LP3 and LP4 as shown in Figure 19.4.

LP4

LP3

M306H7MG-XXXFP/

MC-XXXFP/FGFP

2.0KQ

0.1uF

f— 47pF

2.0KQ

0.1uF

SHpwed SHEwA

—L 47pF

Figure 19.4  Use of capacitors to reduce noise

Notes on pins CVIN, SYNCIN, and SVREF
Please connect pins CVIN, SYNCIN, and SVREF with GND when you do not use the data slicer.
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