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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.




M16C/29 Group 9. Interrupts

9.9 CANO Wake-up Interrupt
CANO wake-up interrupt occurs when a falling edge is input to CRX. The CANO wake-up interrupt is en-
abled when the PortEn bit is set to 1 (CTX/CRX function) and Sleep bit is set to 1(Sleep mode enabled) in
the COCTLR register. Figure 9.13 shows the block diagram of the CANO wake-up interrupt.

CO1WKIC register

Sleep bit in COCTLR register
PortEn bit in COCTLR register \

| - CANO wake-up
CRX O ojo—) Interrupt control circuit —)interrupt request

Figure 9.13 CANO Wake-up Interrupt Block Diagram

9.10 Address Match Interrupt
An address match interrupt request is generated immediately before executing the instruction at the ad-
dress indicated by the RMAD:i register (i=0 to 1). Set the start address of any instruction in the RMADI
register. Use bits AIER1 and AIERO in the AIER register to enable or disable the interrupt. Note that the
address match interrupt is unaffected by the | 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 9.6 shows the value of the PC that is saved to the stack area when an address match interrupt
request is accepted.
aFigure 9.14 shows registers AIER, RMADO, and RMAD1.
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M16C/29 Group 11. DMAC

11.5 Channel Priority and DMA Transfer Timing

If both DMAO and DMA1 are enabled and DMA transfer request signals from DMAO and DMA1 are de-
tected active in the same sampling period (one period from a falling edge to the next falling edge of CPU
clock), 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 > DMA1. The following describes DMAC
operation when DMAOQO and DMA1 requests are detected active in the same sampling period. Figure 11.6
shows an example of DMA transfer effected by external factors.

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

In addition, DMA requsts cannot be counted up since each channel has one DMAS bit. Therefore, when

DMA requests, as DMA1 in Figure 11.6 occurs more than one time, the DAMS 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

DMAT &2 |_Obtainment

P P ; P : of the bus
B, : > /= — | right

N SR A

INTO |

DMAO . 5

request bit

INT

DMA1

request bit | |

Figure 11.6 DMA Transfer by External Factors
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M16C/29 Group

12. Timer A

One-shot Start Flag

b7 b6 b5 b4 b3 b2 b1l bO

| Symbol Address After Reset
ONSF 038216 0016
Bit Symbol Bit Name Function RW
TA0OS [ Timer AO one-shot start flag | The timer starts counting by setting | RW
- this bit to 1 while bits TMOD1 and
TA10S Timer A1 one-shot startflag | TnmoODO in the TAIMR register (i = 0 RwW
: to 4) = 102 (= one-shot timer mode)
TA20S | Timer A2 one-shot start fl RW
Mer A2 one-sho? SR 149 | and the MR2 bit in the TAIMR
TA30S | Timer A3 one-shot start flag | register = 0 (=TAiOS bit enabled). RW
When read, its content is 0
TA40S [ Timer A4 one-shot start flag RW
. . 0: Z-phase input disabled
TAZIE - RW
Z-phase input enable bit 1: Z-phase input enabled
TAOTGL | Timer AO ttri b7b6
Sg;irt bit eventirniager 0 0: Input on TAOIN is selected (™ RW
0 1: TB2 overflow is selected (2)
TAOTGH 1 0: TA4 overflow is selected (2) RW
1 1: TA1 overflow is selected
NOTES:
1. Make sure the PD7_1 bit in the PD7 register is set to 0 (input mode).
2. Overflow or underflow.
Trigger Select Register
b7 b6 b5 b4 b3 b2 b1 b0
Symbol Address After Reset
| TRGSR 038316 0016
Bit Symbol Bit Name Function RW
Timer A1 event/trigger b1b0
- TATTGL select bit 9 0 0: Input on TA1IN is selected (1) RwW
01: TB2 is selected (2)
N TA1TGH 1 0: TAQ is selected (2) RW
11: TA2 is selected (2)
Timer A2 event/trigger b3 b2
P TA2TGL select bit 99 0 0: Input on TA2IN is selected (1) Rw
H 0 1: TB2 is selected (2)
TA2TGH 1 0: TA1 s selected (2) RW
v 11: TA3 is selected (2)
HE i i b5 b4
b TASTGL -srggirt ﬁg event/trigger 0 0: Input on TA3IN is selected (1) RW
HE 0 1: TB2 is selected (2)
P TA3TGH 1.0: TA2 is selected (2) RW
v 11: TA4 is selected (2)
b : - b7 b6
P T TA4TGL -srel:lré?:; ﬁ: event/trigger 0 0: Input on TA4IN is selected (1) RW
H 0 1: TB2 is selected (2)
] TA4TGH 1.0: TA3 is selected (2) RW
11: TAO is selected (2)
NOTES:
1. Make sure the port direction bits for the TA1IN to TA4IN pins are set to 0 ( input mode).
2. Overflow or underflow.
Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
s e CPSRF 038116 OXXXXXXX2
P 4+ v Bit Symbol Bit Name Function RW
. — Nothing is assigned. If necessary, set to 0. _
VT (b6-b0) | When read, their contents are undefined
CPSR Clock prescaler reset flag Setting this bit to 1 initializes the RW

prescaler for the timekeeping clock.
(When read, its content is Q

Figure 12.6 ONSF Register, TRGSR Register, and CPSRF Register
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M16C/29 Group 12. Timer A

12.1.2.1 Counter Initialization by Two-Phase Pulse Signal Processing
This function initializes the timer count value to 0 by Z-phase (counter initialization) input during two-
phase pulse signal processing.

This function can only be used in timer A3 event counter mode during two-phase pulse signal process-
ing, free-running type, x4 processing, with Z-phase entered from the INT2 pin.

Counter initialization by Z-phase input is enabled by writing 000016 to the TA3 register and setting the
TAZIE bit in ONSF register to 1 (Z-phase input enabled).

Counter initialization is accomplished by detecting Z-phase input edge. The active edge can be cho-
sen to be the rising or falling edge by using the POL bit in the INT2IC register. The Z-phase pulse
width applied to the INT2 pin must be equal to or greater than one clock cycle of the timer A3 count
source.

The counter is initialized at the next count timing after recognizing Z-phase input. Figure 12.10 shows
the relationship between the two-phase pulse (A phase and B phase) and the Z phase.

If timer A3 overflow or underflow coincides with the counter initialization by Z-phase input, a timer A3
interrupt request is generated twice in succession. Do not use the timer A3 interrupt when using this
function.

TA3ouT

(Aphase) | I N e
B L \ \ -
Count sourcel_l |_| |_| |_| —I |_| —I |_| |_| |_|
INT2 O j
(Z phase) : :

! l ’ . Input equal to or greater than one clock cycle
of count source

Timer A3 Xme+1X1X2X3X4X5

NOTE:
1. This timing diagram is for the case where the POL bit in the INT2IC register is set to 1 (rising edge).

Figure 12.10 Two-phase Pulse (A phase and B phase) and the Z Phase
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M16C/29 Group 13. Timer S

Figures 13.2 to 13.10 show registers associated with the IC/OC base timer, the time measurement func-
tion, and the waveform generating function.

Base Timer Register!"
b15 b8
(b7) (b0) b7 b0 Symbol Address After Reset

| | G1BT 032116 - 032016 Undefined

Function Setting Range | RW

* When the base timer is operating:
When read, the value of base timer plus 1 can
be read. When write, the counter starts counting
from the value written. When the base timer is
reset, this register is set to 000016. (2) 000016 to FFFF16 | RW
e When the base timer is reset:
This register is set to 000016 but a value read is
undefined. No value is written. (2)

NOTES:
1. The G1BT register reflects the value of the base timer, synchronizing with the count source f8T1 cycles.
2. This base timer stops only when bits BCK1 to BCKO in the G1BCRO register are set to 002 (count source
clock stop). The base timer operates when bits BCK1 to BCKO are set to other than 002. When the BTS
bit in the G1BCR1 register is set to 0, the base timer is reset continuously, and remaining set to 000016.
When the BTS bit is set to 1, this state is cleared and the timer starts counting.

Base Timer Control Register 0

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset

| | [ofo]o] [ [ ] wemcro 032216 0016
Porob b bbbt | BitSymbol | BitName Function RW
S b1b0
P54+ 111 = BCKO 0 0: Clock stop RW
[ Count source .
e ) 0 1: Do not set to this value
e select bit . 1
A BCK1 1 0: Two-phase input (1) RW
11:florf2 @
; 0: Do not reset Base timer by matching
e RsT4 | PO%° t'mfr rte;(ft‘l G1BTRR RW
A cause select bl 1: Reset Base timer by matching
Pl G1BTRRG)
A
e RSRRILRIIIIIILLLLL (b5-b3) Reserved bit Setto 0 RW
, _______________________ Channel 7 input 0: P27/OUTC17/INPC17 pin
: CHTINSEL | 1ot bit 1: P17/INT5/INPC17/IDU pin RW
.......................... T Base timer 0: Bit 15 in the base timer overflows

interrupt select bit | 1: Bit 14 in the base timer overflows RW

NOTES:
1. This setting can be used when bits UD1 to UDO in the G1BCR1 register are set to 102 (two-
phase signal processing mode). Do not set bits BCK1 and BCKO to 102 in other modes.
2. When the PCLKO bit in the PCLKR register is set to 0, the count source is f2 cycles. And when
the PCLKO bit is set to set to 1, the count source is f1 cycles.
3. When the RST4 bit is set to 1, set the RST1 bit in the G1BCR1 register to 0.

Figure 13.2 G1BT and G1BCRO Registers
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M16C/29 Group 13. Timer S

13.1 Base Timer

The base timer is a free-running counter that counts an internally generated count source.

Table 13.2 lists specifications of the base timer. Table 13.3 shows registers associated with the base timer.
Figure 13.11 shows a block diagram of the base timer. Figure 13.12 shows an example of the base timer
in counter increment mode. Figure 13.13 shows an example of the base timer in counter increment/decre-

ment mode. Figure 13.14 shows an example of two-phase pulse signal processing mode.

Table 13.2 Base Timer Specifications

Item

Specification

Count source(fBT1)

f1 or f2 divided by (7+7), two-phase pulse input divided by (7+7)
n: determined by the DIV7 to DIVO bits in the G1DV register. n=0 to 255
However, no division when n=0

Counting operation

The base timer increments the counter value
The base timer increments/decrements the counter value
Two-phase pulse signal processing

Count start condition

The BTS bit in the G1BCR1 register is set to 1 (base timer starts counting)

Count stop condition

The BTS bit in the G1BCR1 register is set to 0 (base timer reset)

Base timer reset condition

(1) The value of the base timer matches the value of the G1BTRR register
(2) The value of the base timer matches the value of G1POO register.
(3) Apply a low-level signal ("L") to external interrupt pin,INT1 pin

Value for base timer reset

000016

Interrupt request

The base timer interrupt request is generated:

(1) When the bit 14 or bit 15 in the base timer overflows

(2) The value of the base timer value matches the value of the base timer
reset register

Read from timer

» The G1BT register indicates a counter value while the base timer is running
» The G1BT register is undefined when the base timer is reset

Write to timer

When a value is written while the base timer is running, the timer counter
immediately starts counting from this value. No value can be written while
the base timer is reset.

Selectable function

» Counter increment/decrement mode

The base timer starts counting from 000016. After incrementing to FFFF 16,
the timer counter is then decremented back to 000016. The base timer
increments the counter value again when the timer counter reaches 000016.
(See Figure 13.13)

» Two-phase pulse processing mode
Two-phase pulse signals from pins P80 and P81 are counted (See Figure

13.14)
U EEENEN RN

The timer increments  The timer decrements
a counter on all edges a counter on all edges
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M16C/29 Group 14. Serial 1/0

14.1.6 Special Mode 4 (SIM Mode) (UART?2)
Based on UART mode, this is an SIM interface compatible mode. Direct and inverse formats can be
implemented, and this mode allows output of a low from the TxD2 pin when a parity error is detected.
Table 14.18 lists the specifications of SIM mode. Table 14.19 lists the registers used in the SIM mode
and the register values set.

Table 14.18 SIM Mode Specifications

Item Specification
Transfer data format * Direct format
* Inverse format
Transfer clock » The CKDIR bit in the U2MR register is set to 0 (internal clock) : fi/ (16(n+1))

fi = f1s10, f2sI10, f8sI0, f32S10. n: Setting value of U2BRG register 0016 to FF16
» The CKDIR bit is set to 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 in the U2C1 register is set to 1 (transmission enabled)
— The TI bit in the U2C1 register is set to 0 (data present in U2TB register)
Reception start condition « Before reception can start, the following requirements must be met
- The RE bit in the U2C1 register is set to 1 (reception enabled)
— Start bit detection
Interrupt request * For transmission
generation timing () When the serial /0 finished sending data from the U2TB transfer register (U2IRS bit =1)
» For reception
When transferring data from the UART2 receive register to the U2RB register (at
completion of reception)
Error detection « Overrun error (1)
This error occurs if the serial /O started receiving the next data before reading the
U2RB register and received the bit one before the last stop bit in the 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
TxDz2 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 to 1 when any of the overrun, framing, and parity errors is encountered

NOTES:
1. If an overrun error occurs, bits 8 to 0 in the U2RB register are undefined. The IR bit in the S2RIC
register remains unchanged.
2. A transmit interrupt request is generated by setting the U2IRS bit in the U2C1 register to 1 (trans-
mission 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.
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M16C/29 Group 15. A/D Converter

A/D Conversion Status Register 0 (1)

b7 b6 b5 b4 b3 b2 b1 bO

ANO conversion

Symbol Address After reset
| | | ADSTATO 03D316 0016
i i | Bit Symbol Bit Name Function RW
i 1| ADERRo |AN1 trigger status flag 0: AN1 trigger did not occur during
o ANO conversion RW
1: AN1 trigger occured during

ADERR1 Conversion termination flag | 0: Conversion not terminated

: Conversion terminated by RW
Timer BO underflow

r
'
'
'
'
-

Nothing is assigned. If necessary, set to 0.

"""" (b2) When read, its content is 0 -
____________ ADTCSF | Delayed trigger sweep 0: Sweep not in progress RO
status flag 1: Sweep in progress
________________ ADSTTO |ANO conversion status flag [ 0: ANO conversion not in progress RO
1: ANO conversion in progress
] ADSTT1 |AN1 conversion status flag | 0: AN1 conversion not in progress RO
1: AN1 conversion in progress
] ADSTRTO |ANO conversion 0: ANO conversion not completed RW
completion status flag 1: ANO conversion completed
b e ] ADSTRT1 |AN1 conversion 0: AN1 conversion not completed RW
completion status flag 1: AN1 conversion completed
NOTE:
1. ADSTATO register is valid only when the DTE bit in the ADTRGCON register is set to 1.
AD Register i (i=0 to 7) Symbol Address After Reset
ADO 03C116 to 03CO016 Undefined
AD1 03C316 to 03C216 Undefined
AD2 03C516 to 03C4 16 Undefined
AD3 03C716 to 03C616 Undefined
AD4 03C916 to 03C816 Undefined
AD5 03CB16 to 03CA16 Undefined
AD6 03CD16 to 03CC16 Undefined
©15) 08) AD7 03CF16 to 03CE 16 Undefined
b7 b0 b7 b0
Function RW
A i |When the BITS bit in the ADCON1 | When the BITS bit in the ADCON1 RW
i [register is 1 (10-bit mode) register is O (8-bit mode)
i, | Eight low-order bits of A/D conversion result RO
A/D conversion result
_ _________________ Two high-order bits of When read, its content is RO
A/D conversion result undefined
e Nothing is assigned. If necessary, set to 0. -
When read, its content is 0

Figure 15.4 ADSTATO Register and ADO to AD7 Registers
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M16C/29 Group 15. A/D Converter

*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO = 012)

*Example 1: When ADTre pin falling edge is generated during ANo pin conversion

ADTRre pin input I:' A/D pin input
voltage sampling

| | A/D pin conversion

ANo ‘

ant o L]
ANz ¢ | |
ANs o i }
ADST flag P : : i
0 J“\ Do not sel:m 1by progra:m !_
ADERROflag 1 | ‘ ‘ ‘ :
0 —$—| ! ! :
ADERRL flag 1 ! ! ‘ ‘ !
o : :
ADTCSFflag 1 ‘ 1 1 I
= L
ADSTTO flag 1 ﬁ ! :
0 ‘ ! ‘ i T
ADSTT1 flag 1 __—l—l '
0 t

ADSTRT1 flag

ADSTRTOflag 1 |
o ——— | L
1 ' f

! |
0 : 1 i !
IR bitinthe ADIC; | | | [
register 0 ‘ I ] /!(_I_

Set to 0 by interrupt request acknowledgement or a program

«Example 2: When ADTre pin falling edge is generated again after ANo pin conversion

ADrre pin input } %

ANo i
AN1
ANz
AN3

ADST flag 1
o —1

Do not set to 1 by progra

ADERROflag 1

B R S A B I B

0 T ; *
ADERRLflag 1 |

0 : N :
ADTCSF fla 1 ] i

9 ] 3 L

ADSTTO flag 1 _|—|

0
ADSTT1 flag

o r

ADSTRTO flag

1

ADSTRT1 flag 1

| i A
0 : T d . I—
IR bit in the ADIC ; | ; | '
register o ' } : l_l_

Set to 0 by interrupt request acknowledgment or a program

ADST flag: Bit 6 in the ADCONO register
ADERRO, ADERR1, ADTCSF, ADSTTO, ADSTT1, ADSTRTO and ADSTRT1 flag: bits 0, 1, 3,4, 5, 6 and 7 in the ADSTATO register

Figure 15.25 Each Flag Operation in ADSTATO Register Associated with the Operation Example
in Delayed Trigger Mode 1 (1)
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M16C/29 Group 16. MULTI-MASTER I2C bus INTERFACE

16.7.1 BitO: Time-Out Detection Function Enable Bit (TOE)

The TOE bit enables the time-out detection function. When the TOE bit is set to 1, time-out is detected
and the 12C bus interface interrupt request is generated when the following conditions are met.

1) the BB flag in the S10 register is set to 1 (bus busy)

2) the SCL clock stops for time-out detection period while high-level ("H") signal is maintained (see

Table 16.7)

The internal counter measures the time-out detection time and the TOSEL bit selects between two
modes, long time and short time. When time-out is detected, set the ESO0 bit to 0 (I2C bus interface
disabled) and reset the counter.

16.7.2 Bitl: Time-Out Detection Flag (TOF)

The TOF flag indicates the time-out detection. If the internal counter which measures the time-out

period overflows, the TOF flag is set to 1 and the 12C bus interface interrupt request is generated at the
same time.

16.7.3 Bit2: Time-Out Detection Period Select Bit (TOSEL)
The TOSEL bit selects time-out detection period from long time mode and short time mode. When the
TOSEL bit is set to 0, long time mode is selected. When it is set to 1, short time mode is selected,
respectively. The internal counter increments as a 16-bit counter in long time mode, while the counter
increments as a 14-bit counter in short time mode, based on the I2C system clock (VIIC) as a counter
source. Table 16.7 shows examples of time-out detection period.

Table 16.7 Examples of Time-out Detection Period (Unit: ms)

Viic(MHz) Long time mode Short time mode
4 16.4 4.1
2 32.8 8.2
1 65.6 16.4

16.7.4 Bits 3,4,5: 12C System Clock Select Bits (ICK2-4)
Bits ICK4 to ICK2, and bits ICK1 and ICKO in the S3D0 register, and the PCLKO bit in the PCLKR register
select the system clock (Viic) of the I12C bus interface circuit. See Table 16.6 for the setting values.

16.7.5 Bit7: STOP Condition Detection Interrupt Request Bit (SCPIN)

The SCPIN bit monitors the stop condition detection interrupt. The SCPIN bit is set to 1 when the 12C bus
interface interrupt is generated by detecting the STOP condition. When this bit is set to 0 by program, it
becomes 0. However, no change occurs even if it is set to 1.
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M16C/29 Group 17. CAN Module

17.2 Operating Modes

The CAN module has the following four operating modes.
* CAN Reset/Initialization Mode
» CAN Operating Mode
* CAN Sleep Mode
* CAN Interface Sleep Mode
Figure 17.17 shows transition between operating modes.

MCU Reset \

CAN reset/initialization
mode

State_Reset =1

Sleep = O()Sleep =1

CCLK3 =1

P

\_/4 CAN sleep mode Reset = 1
CCLK3 =0

Reset =0

CAN operating mode
State Reset =0

when 11 consecutive
recessive bits are
TEC > 255 detected 128 times

or
RetBusOff = 1

CAN interface Bus off state
sleep mode

State_BusOff = 1

CCLKa3: Bit in the CCLKR register
Reset, Sleep, RetBusOff: Bits in the COCTLR register
State_Reset, tate_BusOff: Bits in the COSTR register

Figure 17.17 Transition Between Operating Modes

17.2.1 CAN Reset/Initialization Mode

The CAN reset/initialization mode is activated upon MCU reset or by setting the Reset bit in the COCTLR
register to 1. If the Reset bit is set to 1, check that the State_Reset bit in the COSTR register is set to 1.
Entering the CAN reset/initialization mode initiates the following functions by the module:

» CAN communication is impossible.

» When the CAN reset/initialization mode is activated during an ongoing transmission in operation
mode, the module suspends the mode transition until completion of the transmission (successful,
arbitration loss, or error detection). Then, the State_Reset bit is set to 1, and the CAN reset/
initialization mode is activated.

* Registers COMCTL] (j = 0 to 15), COSTR, COICR, COIDR, CORECR, COTECR, and COTSR are
initialized. All these registers are locked to prevent CPU modification.

* Registers COCTLR, COCONR, COGMR, COLMAR, and COLMBR and the CANO message box
retain their contents and are available for CPU access.

Rev. 1.12 Mar.30, 2007  page 300 of 458 RENESAS
REJ09B0101-0112



M16C/29 Group 18. CRC Calculation Circuit

18. CRC Calculation Circuit

The Cyclic Redundancy Check (CRC) calculation detects errors in blocks of data. The MCU uses a gen-
erator polynomial of CRC_CCITT (X6 + X12 + X5 + 1) or CRC-16 (X'6 + X5 + X2 + 1) to generate CRC
code.

The CRC code is a 16-bit code generated for a block of a given data length in multiples of bytes. The code
is updated in the CRC data register everytime one byte of data is transferred to a CRC input register. The
data register must be initialized before use. Generation of CRC code for one byte of data is completed in
two machine cycles.

Figure 18.1 shows the block diagram of the CRC circuit. Figure 18.2 shows the CRC-related registers.
Figure 18.3 shows the calculation example using the CRC_CCITT operation.

18.1 CRC Snoop
The CRC circuit includes the ability to snoop reads and writes to certain SFR addresses. This can be used
to accumulate the CRC value on a stream of data without using extra bandwidth to explicitly write data into
the CRCIN register. All SFR addresses after 002016 are subject to the CRC snoop. The CRC snoop is
useful to snoop the writes to a UART TX buffer, or the reads from a UART RX buffer.

To snoop an SFR address, the target address is written to the CRC snoop Address Register (CRCSAR).
The two most significant bits of this register enable snooping on reads or writes to the target address. If the
target SFR is written to by the CPU or DMA, and the CRC snoop write bit is set (CRCSW=1), the CRC wiill
latch the data into the CRCIN register. The new CRC code will be set in the CRCD register.

Similarly, if the target SFR is read by the CRC or DMA, and the CRC snoop read bit is set (CRCSR=1), the
CRC will latch the data from the target into the CRCIN register and calculate the CRC.

The CRC circuit can only calculate CRC codes on data byte at a time. Therefore, if a target SFR is
accessed in word (16 bit), only one low-order byte data is stored into the CRCIN register.

§ Data bus high-order 73

L1

S Data bus low-order S

I

Eight low-order bits | l Eight high-order bits

CRCD register (16) (Address 03BD16, 03BC16)
I I PV VS
CRC cod ting circuit :SnoopB
code generating circui ' lock
64 x 243541 OR x164 x154 52+ 1 Snoop Address

L U

CRC input register (8) <
q (Address 03BE16)
enable

S Address Bus S

Figure 18.1 CRC circuit block diagram
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M16C/29 Group 19. Programmable 1/O Ports

19.5 Pin Assignment Control Register (PACR)

Figure 19.10 shows the PACR register. After reset, set bits PACR2 to PACRO in the PACR register before
a signal is input or output to each pin. When bits PACR2 to PACRO are not set, some pins do not function
as I/O ports.

Bits PACR2 to PACRO: control pins to be used
Value after reset: 0002.
To select the 80-pin package, set the bits to 0112.
To select the 64-pin package, set the bits to 0102.

U1MAP bit: controls pin assignments for the UART1 function.

To assign the UART1 function to P64/CTS1/RTS1, P65/CLK1, P66/RxD1, and P67/TxD1, set the UTMAP
bit to 0 (P67 to P64).

To assign the function to P70/CTS1/RTS1, P71/CLK1, P72/RxD1, and P73/TxD1, set the UTMAP bit to 1
(P73 to P70)

The PRC2 bit in the PRCR protects the PACR register. Set the PACR register after setting the PRC2 bit in
the PRCR register.

19.6 Digital Debounce Function

Two digital debounce function circuits are provided. Level is determined when level is held, after applying
either a falling edge or rising edge to the pin, longer than the programmed filter width time. This enables
noise reduction.

This function is assigned to INT5/INPC17 and NMI/SD. Digital filter width is set in the NDDR register and
the P17DDR register respectively. Figure 19.11 shows the NDDR register and the P17DDR register.
Additionally, a digital debounce function is disabled to the port P17 input and the port P85 input.

Filter width : (n+1) x 1/f8 n: count value set in the NDDR register and P17DDR register

The NDDR register and the P17DDR register decrement count value with f8 as the count source. The
NDDR register and the P17DDR register indicate count time. Count value is reloaded if a falling edge or a
rising edge is applied to the pin.

The NDDR register and the P17DDR register can be set 0016 to FF16 when using the digital debounce
function. Setting to FF16 disables the digital filter. See Figure 19.12 for details.
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M16C/29 Group 20. Flash Memory Version

Low power consumption l
l . mode program L L e .
Transfer a low power internal consumption mode . Set the FMRO01 bit to 1 after setting 0 (CPU
program to RAM area . rewrite mode enabled) (2) :

i 1 s

| Set the FMSTP bit to 1 (flash memory stopped. .

Jump to the low power consumption mode ' | Low power consumption state)(") :
program transferred to internal RAM area. . :
(In the following steps, use the low-power . l .

consumption mode program or internal RAM area) ! .
' Switch the clock source of CPU clock. X

Turn main clock off (2)

| 5

. Process of low power consumption mode or .
! on-chip oscillator low power consumption mode

5 l 5

! Start main clock
oscillation

- switch the clock source of the CPU clock (2) :
. Set the FMSTP bit to 0 (flash memory operation)

1 |

. Set the FMRO1 bit to 0
. (CPU rewrite mode disabled)

i I i

Wait until the flash memory circuit stabilizes (tps) ()

1

Jump to a desired address in the flash memory

- wait until oscillation stabilizes

NOTES:
1. Set the FMRSTP bit to 1 after setting the FMRO1 bit to 1 (CPU rewrite mode).
2. Wait until the clock stabilizes to switch the clock source of the CPU clock to the main clock or the sub clock.
3. Add a tps wait time by a program. Do not access the flash memory during this wait time.

Figure 20.10 Processing Before and After Low Power Dissipation Mode
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M16C/29 Group 21. Electrical Characteristics (Normal-version)

Vce =3V

Table 21.24 Electrical Characteristics (Note 1)

Symbol Parameter Condition - Standard Unit
Min. | Typ.| Max.
VoH Output High |PQo to P07, P1oto P17, P20 to P27, P30 to P37, P6o to P67, loH=-1 mA V0.5 Vee | V
("H") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
High Power lon=-0.1mA | Vec0.5 Vee
Output High ("H") Voltage Xour V
Low Power loH=-50 pA Ve 0.5 Vee
Von High Power No load applied 25
Output High ("H") Voltage Xcout - \%
Low Power No load applied 1.6
Voo Output Low |PQo to P07, P10 to P17, P20 to P27, P30 to P37, P6o to P67, lo.=1 mA 05|V
("L") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
. High Power lo.= 0.1 mA 0.5
Output Low ("L") Voltage Xour Cow Power lor = 50 JA 05 Vv
Vo . High Power No load applied 0
Output Low ("L") Voltage Xcour Low Power No load applied 0 Vv
Vr-VT. |Hysteresis | TAON-TA4IN, TBON-TB2N, INTo-INTs, NMI, ADTrRs, CTSo- 08 |V
CTSz, SCL, SDA, CLKo-CLK2, TA20ur-TA4our, Klo-Kl3, Rxoo-
Rxp2, SINg, Sing
VT+-VT. |Hysteresis |RESET 18 | V
VT+VT |Hysteresis |Xin 08 | v
I Input High  |P0o to P07, P1oto P17, P20 to P27, P30 to P37, P6o to P67, Vi=3V 40 | pA
("H") Current |p7 to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
XN, RESET, CNVss
liL Input Low P0o to P07, P10 to P17, P20 to P27, P30 to P37, P6o to P67, Vi=0V -4.0 | pA
("L") Current |p7, to P77, P80 to P87, P90 to P93, P95 to P97, P100 to P107
XN, RESET, CNVss
RpuLwp [Pull-up P0o to P07, P10 to P17, P20 to P27, P30 to P37, P6o to P67, Vi=0V 50 100| 500 | kQ
Resistance |p7¢to P77, P8oto P87, P90 to P93, P9s to P97, P100 to P107
RfxN  |Feedback Resistance XN 3.0 MQ
RfxcN  |[Feedback Resistance XciN 25 MQ
VRAV RAM Standby Voltage In stop mode 2.0 \%
NOTE:
1. Referenced to Vec= 2.7 to 3.6 V, Vss= 0 V at Topr = -20 to 85 ° C / -40 to 85 ° C, f(BCLK) = 10MHz unless otherwise
specified.
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M16C/29 Group 21. Electrical Characteristics (Normal-version)

Vcc =3V

Timing Requirements
(Vce =3V, Vss = 0V, at Topr =— 20 to 85°C /- 40 to 85°C unless otherwise specified)

Table 21.26 External Clock Input (XIN input)

Standard .
Symbol Parameter Min. | Max. Unit
te External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(L) External clock input LOW pulse width 40 ns
tr External clock rise time 18 ns
e External clock fall time 18 ns
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M16C/29 Group

21. Electrical Characteristics (Normal-version)

Timing Requirements
(Vcec =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 21.33 Timer B Input (Counter Input in Event Counter Mode)

Vcc =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 21.34 Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter .Standard Unit
Min. Max.
tc(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 21.35 Timer B Input (Pulse Width Measurement Mode)
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 21.36 A/D Trigger Input
Symbol Parameter - Standard Unit
Min. Max.
tc(AD) 'ADTRG input cycle time (trigger able minimum) 1500 ns
tw(ADL) ADTRG input LOW pulse width 200 ns
Table 21.37 Serial I/O
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
th(c-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 100 ns
th(c-D) RxDi input hold time 90 ns
Table 21.38 External Interrupt INTi Input
Symbol Parameter - Standard Unit
Min. Max.
tw(NH) INTi input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
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M16C/29 Group 21. Electrical Characteristics (T-version)

Vce =3V

Timing Requirements

(Vce =3V, Vss =0V, at Topr = — 40 to 85°C unless otherwise specified)

Table 21.71 Timer B Input (Counter Input in Event Counter Mode)

Svmbol P ) Standard Unit
ymbo arameter Min. Max. ni
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 21.72 Timer B Input (Pulse Period Measurement Mode)
Standard
Symbol Parameter - andar 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 21.73 Timer B Input (Pulse Width Measurement Mode)
t
Symbol Parameter ,S andard 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 21.74 A/D Trigger Input
Standard
Symbol Parameter - andar Unit
Min. Max.
te(AD) ADTRG input cycle time (trigger able minimum) 1500 ns
tw(ADL) ADTRG input LOW pulse width 200 ns
Table 21.75 Serial I/O
Standard
Symbol Parameter - andar 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
td(c-Q) TxDi output delay time 160 ns
th(C-Q) TxDi hold time 0 ns
tsu(p-c) RxDi input setup time 100 ns
th(c-D) RxDi input hold time 90 ns
Table 21.76 External Interrupt INTI Input
Standard
Symbol Parameter - andar 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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M16C/29 Group 22. Usage Notes

22.12 Programmable I/O Ports

1. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the P72 to P75, P80 and P81 pins 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 program-
mable input/output port or the peripheral function—is currently selected.

3.When the SM32 bit in the S3C register is set to 1, the P32 pin goes to high-impedance state. When the
SM42 bit in the S4C register is set to 1, the P96 pin goes to high-imepdance state.

4. When the INVO3 bit in the INVCO register is 1(three-phase motor control timer output enabled), an "L"
input on the P85 /NMI/SD pin, has the following effect.

*When the TB2SC register IVPCR1 bit is set to 1 (three-phase output forcible cutoff by input on
SD pin enabled), the U/ U/ V/ V/ W/ W pins go to a high-impedance state.

*When the TB2SC register IVPCR1 bit is set to 0 (three-phase output forcible cutoff by input on
SD pin disabled), the U/ U/ V/ V/ W/ W pins go to a normal port.

Therefore, the P85 pin can not be used as programmable I/O port when the INVO3 bit is set to 1.
When the SD function isn't used, set to 0 (Input) in PD85 and pullup to H in the P85 /NMI/SD pin from
outside.
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