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RL78/G12

CHAPTER 3 CPU ARCHITECTURE

Cautions

1. While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area +10 bytes when instructions are fetched from RAM areas,
respectively. Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For
details, see 21.3.2 RAM parity error detection function.

2. The RAM in the R5F10266 has capacity as small as 256 bytes. Depending on the customer’s program
specification, the stack area to execute the data flash library may not be kept and data may not be
written to or erased from the data flash memory. For details, refer to RL78 Family Data Flash Library
Type04 User's Manual.

3. The self-programming function cannot be used in the R5F10266 and R5F10366
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CHAPTER 3 CPU ARCHITECTURE

Table 3-7. Extended SFR (2nd SFR) List (4/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FO180H Timer counter register 00 TCRO00 R - - \ FFFFH
FO181H

FO182H Timer counter register 01 TCRO1 R - - \ FFFFH
FO183H

F0184H Timer counter register 02 TCRO02 R - - \ FFFFH
FO185H

FO0186H Timer counter register 03 TCRO03 R - - \ FFFFH
FO187H

FO188H Timer counter register 04 TCR04 R - - \ FFFFH
FO189H

FO18AH Timer counter register 05 TCRO05 R - - \ FFFFH
FO18BH

FO18CH Timer counter register 06 TCRO06 R - - \ FFFFH
FO18DH

FO18EH Timer counter register 07 TCRO7 R - - R FFFFH
FO18FH

FO190H Timer mode register 00 TMRO00 R/W - - v 0000H
FO191H

FO192H Timer mode register 01 TMRO1 R/W - - \ 0000H
FO193H

F0194H Timer mode register 02 TMRO2 R/W - - \ 0000H
FO195H

FO196H Timer mode register 03 TMRO03 R/W - - \ 0000H
FO197H

FO198H Timer mode register 04 TMRO4 R/W - - \ 0000H
FO199H

FO19AH Timer mode register 05 TMRO05 R/W - - \ 0000H
FO19BH

FO19CH Timer mode register 06 TMRO06 R/W - - \ 0000H
FO19DH

FO19EH Timer mode register 07 TMRO7 R/W - - v 0000H
FO19FH

FO1AOH | Timer status register 00 TSROOL | TSR00 R - \ \ 0000H
FO1A1H - - -

FO1A2H | Timer status register 01 TSRO1L | TSRO1 R - \ v 0000H
FO1A3H - - -

FO1A4H Timer status register 02 TSRO2L | TSR02 R - \ \ 0000H
FO1A5H _ _ _

FO1A6H | Timer status register 03 TSRO3L | TSR03 R - S R 0000H
FO1A7H - - -

FO1A8H Timer status register 04 TSRO4L | TSR04 R - \ v 0000H
FO1A9H - - -

FO1AAH | Timer status register 05 TSRO5L | TSRO5 | R - v v 0000H
FO1ABH - - -

FO1ACH | Timer status register 06 TSRO6L | TSR06 R - \ v 0000H
FO1ADH - - -

FOTAEH | Timer status register 07 TSRO7L | TSRO7 R - J J 0000H
FO1AFH - - -
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RL78/G12 CHAPTER 5 CLOCK GENERATOR

5.3.4 Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.
The X1 clock oscillation stabilization time can be checked in the following case:

¢ If the X1 clock starts oscillation while the high-speed on-chip oscillator clock is being used as the CPU clock.
¢ If the STOP mode is entered and then released while the high-speed on-chip oscillator clock is being used as the
CPU clock with the X1 clock oscillating.

The OSTC register can be read by a 1-bit or 8-bit memory manipulation instruction.

When reset signal is generated, the STOP instruction and MSTOP (bit 7 of clock operation status control register
(CSC)) = 1 clear the OSTC register to 00H.

Remark The oscillation stabilization time counter starts counting in the following cases.

¢ When oscillation of the X1 clock starts (EXCLK, OSCSEL =0, 1 - MSTOP = 0)
e When the STOP mode is released

RO1UH0200EJ0210 Rev.2.10 IIENESAS 122
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RL78/G12 CHAPTER 6 TIMER ARRAY UNIT

6.4 Basic Rules of Timer Array Unit

6.4.1 Basic Rules of Simultaneous Channel Operation Function

When simultaneously using multiple channels, namely, a combination of a master channel (a reference timer mainly
counting the cycle) and slave channels (timers operating according to the master channel), the following rules apply.

—
—_
~

Only an even channel (channel 0, 2, 4, 6) can be set as a master channel.

N

Any channel, except channel 0, can be set as a slave channel.
The slave channel must be lower than the master channel.

&)

Example: If channel 2 is set as a master channel, channel 3 or those that follow (Channel 3 to 7) can be set as a
slave channel.

Two or more slave channels can be set for one master channel.

E

(5) When two or more master channels are to be used, slave channels with a master channel between them may not
be set.
Example: If channels 0 and 4 are set as master channels, channels 1 to 3 can be set as the slave channels of
master channel 0. Channels 5 to 7 cannot be set as the slave channels of master channel 0.

(6) The operating clock for a slave channel in combination with a master channel must be the same as that of the
master channel. The CKSOn0 and CKSOn1 bits (bits 15 and 14 of timer mode register On (TMRON)) of the slave
channel that operate in combination with the master channel must be the same value as that of the master channel.

(7) A master channel can transmit INTTMOn (interrupt), start software trigger, and count clock to the lower channels.

(8) A slave channel can use INTTMON (interrupt), a start software trigger, or the count clock of the master channel as a
source clock, but cannot transmit its own INTTMOn (interrupt), start software trigger, or count clock to channels
with lower channel numbers.

(9) A master channel cannot use INTTMOn (interrupt), a start software trigger, or the count clock from the other higher
master channel as a source clock.

(10) To simultaneously start channels that operate in combination, the channel start trigger bit (TSOn) of the channels in
combination must be set at the same time.

(11) During the counting operation, a TSOn bit of a master channel or TSOn bits of all channels which are operating
simultaneously can be set. It cannot be applied to TSOn bits of slave channels alone.

(12) To stop the channels in combination simultaneously, the channel stop trigger bit (TTOn) of the channels in
combination must be set at the same time.

(13) CK02/CK03 cannot be selected while channels are operating simultaneously, because the operating clocks of
master channels and slave channels have to be synchronized.

(14) Timer mode register On (TMROnN) has no master bit (it is fixed as “0”). However, as channel 0 is the highest
channel, it can be used as a master channel during simultaneous operation.

The rules of the simultaneous channel operation function are applied in a channel group (a master channel and slave
channels forming one simultaneous channel operation function).

If two or more channel groups that do not operate in combination are specified, the basic rules of the simultaneous
channel operation function in 6.4.1 Basic rules of simultaneous channel operation function do not apply to the
channel groups.

Remark n: Channel number (n = 0to 7)
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CHAPTER 6 TIMER ARRAY UNIT

6.5.2 Start timing of counter

Timer count register On (TCRONn) becomes enabled to operation by setting of TSOn bit of timer channel start register 0

(TS0).

Operations from count operation enabled state to timer count Register On (TCRON) count start is shown in Table 6-6.

Table 6-6. Operations from Count Operation Enabled State to Timer count Register On (TCROn) Count Start

Timer operation mode

Operation when TSOn = 1 is set

Interval timer mode

No operation is carried out from start trigger detection (TSOn = 1) until count
clock generation.

The first count clock loads the value of the TDROn register to the TCRON register
and the subsequent count clock performs count down operation (see 6.5.3 (1)
Interval timer mode operation).

e Event counter mode

Writing 1 to the TSOn bit loads the value of the TDROnN register to the TCROn
register.

Detection TIOn input edge, the subsequent count clock performs count down
operation. (see 6.5.3 (2) Event counter mode operation).

e Capture mode

No operation is carried out from start trigger (TSOn = 1) detection until count
clock generation.
The first count clock loads 0000H to the TCROn register and the subsequent

count clock performs count up operation (see 6.5.3 (3) Capture mode operation
(input pulse interval measurement)).

e One-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSOn bit while the
timer is stopped (TEOn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads the value of the TDROn register to the TCRON register
and the subsequent count clock performs count down operation (see 6.5.3 (4)
One-count mode operation).

e Capture & one-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSOn bit while the
timer is stopped (TEOn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H to the TCROn register and the subsequent
count clock performs count up operation (see 6.5.3 (5) Capture & one-count
mode operation (high-level width is measured)).

RO1UHO0200EJ0210 Rev.2.10
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RL78/G12 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-52. Example of Set Contents of Registers to Measure Input Pulse Interval (1/2)

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON [cksont|cksono ccson | M/s ™ | STSOn2 | STSONn1 |STSON0| CISON1 | CISONO MDOn3 | MDOn2 | MDOn1 | MDOnO
1/0 0 0 0 0 0 0 1 1/0 1/0 0 0 0 1 0 1/0

L | I [ I [ I_|_I

Operation mode of channel n
010B: Capture mode

Setting of operation when counting is started
0: Does not generate INTTMOn when
counting is started.
1: Generates INTTMOn when counting is
started.

|__Selection of TIOn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

L__Capture trigger selection
001B: Selects the TIOn pin input valid edge.

L__Setting of MASTERON bit (Channel 2, 4, 6)
0: Independent channel operation.
Setting of SPLITON bit (Channel 1, 3)
0: 16-bit timer

L Count clock selection
0: Selects operation clock (fvck).

L__Operation clock (fuck) selection
00B: Selects CK0O0 as operation clock of channel n.
10B: Selects CKO1 as operation clock of channel n.
01B: Selects CK02 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CK03 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register 0 (TOO0)
Bit n
TOO TOON 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEQ)
Bit n

TOEO | TOEON 0: Stops TOON output operation by counting operation.
0

Note TMRO02, TMR04, TMRO6: MASTERON bit
TMRO1, TMRO3: SPLITOnN bit
TMRO00, TMRO05, TMRO7: 0 fixed

Remark n: Channel number (n =0 to 7)
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CHAPTER 11 SERIAL ARRAY UNIT

11.3.5 Serial data register mn (SDRmn)
The SDRmn register is the transmit/receive data register of channel n (16 bits). Bits 8 to 0 (lower 9 bits) of SDR00 and
SDRO1 or bits 7 to 0 (lower 8 bits) of SDR02, SDR03, SDR10, and SDR11 function as a transmit/receive buffer register,
and bits 15 to 9 (higher 7 bits) are used as a register that sets the division ratio of the operation clock (fmck).
If the CCSmn bit of serial mode register mn (SMRmn) is cleared to 0, the operating clock divided by the division ratios

specified by bits 15 to 9 (higher 7 bits) of the SDRmn register is used as the transfer clock.
If the CCSmn bit of SMRmn is set to 1, set bits 15 to 9 (higher 7 bits) of SDR00, SDR01, SDR10, and SDR11 to
0000000B. The input clock fsck (slave transfer in CSI mode) from the SCKp pin is used as the transfer clock.

The lower 8/9 bits of the SDRmn register function as a transmit/receive buffer register. During reception, the parallel
data converted by the shift register is stored in the lower 8/9 bits, and during transmission, the data to be transmitted to the
shift register is set to the lower 8/9 bits.

The SDRmn register can be read or written in 16-bit units.

However, the higher 7 bits can be written or read only when the operation is stopped (SEmn = 0). During operation
(SEmn = 1), a value is written only to the lower 9 bits of the SDRmn register. When the SDRmn register is read during

operation, the higher 7 bits are always read as 0.

Reset signal generation clears the SDRmn register to 0000H.

Figure 11-10. Format of Serial Data Register mn (SDRmn)

Address: FFF10H, FFF11H (SDR00), FFF12H, FFF13H (SDRO01)

FFF11H (SDR0O)

After reset: 0000H R/W

FFF10H (SDR00)

Symbol 15

14

13 12 11

10

SDRmn |

Address: FFF44H, FFF45H (SDR02), FFF46H, FFF47H (SDRO3)

FFF48H, FFF49H (SDR10), FFF4AH, FFF4BH (SDR11)
FFF45H (SDR02)

After reset: 0000H R/W

FFF44H (SDR02)

—
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
sopen | | | [ [ [ | Jol [ [ [ [ ] | [ |

SDRmn[15:9] Transfer clock setting by dividing the operating clock (fMck)
0 0 0 0 0 0 0 fmck/2
0 0 0 0 0 0 1 fmck/4
0 0 0 0 0 1 0 fmck/6
0 0 0 0 0 1 1 fmek/8
1 1 1 1 1 1 0 fmck/254
1 1 1 1 1 1 1 fmMck/256
(Cautions and Remarks are listed on the next page.)
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RL78/G12 CHAPTER 11 SERIAL ARRAY UNIT

(1) Register setting

Figure 11-33. Example of Contents of Registers for Master Reception of 3-Wire Serial I/0 (CSI00, CSI01, CSI11,
CSI20)

(a) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmn |cksmn|lccsmn STSmn SISmno) MDmn2||MDmn1}|MDmn0
01 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I |
Operation clock (fwck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

SCRmn [JTXEmn|RXEmn||DAPmMN|CKPmn EOCmn|PTCmn1 [PTCmn0]| DIRmn SLCmn1|SLCmnO DLSmn1][DLSmNO
0 1 0/1 | 0N 0 0 0 0 0/1 0 0 0 0 1 1 0/1
I_'_l | [
Selection of data transfer sequence Setting of data length
Selection of the data and clock 0: Inputs/outputs data with MSB first 0: 7-bit data length
phase (For details about the 1: Inputs/outputs data with LSB first. 1: 8-bit data length

setting, see 11.3 Registers
Controlling Serial Array Unit.)

(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn Baud rate setting Receive data
(Operation clock (fmck) division setting) 0 (Write FFH as dummy data.)
SIOp

(d) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

S003 | SO02 | SO0t
SOm CKOm1|CKOmO Note 1 Note 1 Note 2 SOmo

0 0 0 0 1 1 101 ]01]| 0 0 0 0 x x x X

[ Communication starts when these bits are 1 if the clock
phase is non-inversion (the CKPmn bit of the SCRmn = 0).
If the clock phase is inverted (CKPmn = 1), communication
starts when these bits are 0.

(e) Serial output enable register m (SOEm) ... The register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEO03 | SOE02 | SOEO1
SOEm Note 1 Note 1 Note2  |SOEmMO

0 0 0 0 0 0 0 0 0 0 0 0 x x x x

(f) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SS03 | SS02
SSm Note 1 Note 1 SSm1 | SSmoO

0 0 0 0 0 0 0 0 0 0 0 0 |o1| x |01 |0N

Notes 1. Provided in the serial array unit O of 30-pin products.
2. 20-, 24-pin products only.
Remarks 1. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 11, 20),
mn = 00, 01, 03, 10,
2. 0: Setting is fixed in the CSI master transmission mode, . Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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CHAPTER 11 SERIAL ARRAY UNIT

11.7.3 Data reception

Data reception is an operation to receive data to the target for transfer (slave) after transmission of an address field.

After all data are received to the slave, a stop condition is generated and the bus is released.

Simplified I°C

11C00 1ICO1 lIC11

11C20

Target channel

Channel 0 of SAUO Channel 1 of SAUO Channel 3 of SAUO

Channel 0 of SAU1

Pins used

SCL0O, SDA00™"" SCLO1, SDAO1™"" SCL11, SDA11"""

SCL20, SDA20™*"

Interrupt

INTIICO0 INTIICO1 INTIIC11

INTIIC20

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error detection flag

ACK error detection flag (OVFmn)

However, the following condition must be satisfied in each mode of I°C.
o Max. 400 kHz (fast mode)
¢ Max. 100 kHz (standard mode)

Transfer data length 8 bits
Transfer rate"°* Max. fuex/4 [Hz] (SDRmn[15:9] = 1 or more) fuck: Operation clock frequency of target
channel

Data level Non-inversion output (default: high level)
Parity bit No parity bit
Stop bit Appending 1 bit (ACK transmission)

Data direction

MSB first

Notes 1. To perform communication via simplified I°C, set the N-ch open-drain output (Voo tolerance) mode (POMxx =
1 (POM11, POM41 = 1 for 20- or 24- pin products, POM11, POM14, POM50 = 1 for 30-pin products)) for the

port output mode registers (POMxx). For details, see 4.3 Registers Controlling Port Function and 4.5

Register Settings When Using Alternate Function.
When 11C00 and 11C20 is communicating with an external device with a different potential, set the N-ch open-
drain output (Vop tolerance) mode (POMxx = 1 (POM10 = 1 for 20- or 24- pin products, POM10, POM15 = 1
for 30-pin products)) also for the clock input/output pins (SCL00, SCL20). For details, see 4.4.4 Handling
different potentials (1.8 V, 2.5V, and 3 V) by using I/O buffers.
2. Use this operation within a range that satisfies the conditions above and the peripheral functions
characteristics in the electrical specifications (see CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D:Ta
= -40 to +85°C) or CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)).

Remark m: Unit number, n: Channel number (mn = 00, 01, 03, 10)
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RL78/G12 CHAPTER 11 SERIAL ARRAY UNIT

(1) Register setting
Figure 11-105. Example of Contents of Registers for Data Reception of Simplified I°C (11C00, 1IC01, lIC11, 1IC20)

(a) Serial mode register mn (SMRmn) ... Do not manipulate this register during data

transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MDmnO|

0

MDmn2
1

MDmn1

0

SISmnO)

0

STSmn

0

SMRBmMn Jcksmn
0N

[CCSmn|

0 1 0 0

0 0 0 0 0 0

(b) Serial communication operation setting register mn (SCRmn) ... Do not manipulate the bits of this
register, except the TXEmn and

RXEmn bits, during data
transmission/reception.
15 14 13 12 1N 10 9 8 7 6 5 4 3 2 1 0

DLSmn1}|DLSmnO)

SLCmn1
0

SLCmnO|
1

DIRmn

0

PTCmNO]

0

EOCmN|
0

PTCmn1

0

DAPmnJ|CKPmn

0 0

SCRmn [Jtxemn
0

RXEmn
1

0 0 0 1

(c) Serial data register mn (SDRmn) (lower 8 bits: SIOr)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn Baud rate setting"**** Dummy transmit data setting (FFH)

SIOr
(d) Serial output register m (SOm) ... Do not manipulate this register during data

transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm1|CKOmo 38213 882112 Suoay SOmo
0 0 0 0 1 1 01 | on 0 0 0 0 0/1 « oA on
Note 2 Note 2 Note 3 Note3 Note 3

(e) Serial output enable register m (SOEm) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm3| SOEm2| SOEm1
SOEm Noter;n NmeT NmeT SOEmO0

olo|o|oflo|o|o0o|o|o0o]|O0|O0O]| O |gq|x«|o1]o0n

(f) Serial channel start register m (SSm) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm3 | SSm2
SSm Note 1 Note1 | SSm1 | SSmO

0 0 0 0 0 0 0 0 0 0 0 0 | o/ %« | 01 | 0N

Notes 1. Provided only in 30-pin products serial array unit 0.
2. Only for 20, 24-pin products.
3. The values may change during operation, depending on the communication data.
4. Because the setting is completed by address field transmission, setting is not required.
Remarks 1. m: Unit number, n: Channel number (mn = 00, 01, 03, 10), r: [IC number (r = 00, 01, 11, 20)
2. @: Setting is fixed in the 1IC master transmission mode, [ ] Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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RL78/G12 CHAPTER 12 SERIAL INTERFACE IICA

Figure 12-32. Example of Master to Slave Communication
(9-Clock Wait Is Selected for Master, 9-Clock Wait Is Selected for Slave) (2/4)

(2) Address ~ data ~ data

.
1
IICAO ;
1
ACKDO [
(ACK detection)

WTIMO H
(8 or 9 clock wait)
ACKEO
(ACK control)
MSTSO0
(communication status)
STTO
(ST trigger)
SPTO
(SP trigger)
WRELO
(wait cancellation)
INTIICAO
(interrupt)
TRCO
(transmit/receive)

Bus line

SCLAQ (bus)
(clock line)

)
1Note 1

: <5>
1

I

I

\l_ [
\

L

I

N B Bt B

)

U U l <8>

SDAAO (bus) = .
(data line) W_ACK N\_D:7 X .6 XDi5 X D:a X D:3 X D2 X D11 X Dio \ACKY

<3>, ' ' <7>\ |

Slave side ' ' ' o

1 ) 1 !

] ] L] ]

1 1 [

) !

] |

] |

1 1

| !
!
!
1

ACKDO
(ACK detection

IICAO \'_'_
-
[

STDO —
(ST detection) . 1
SPDO Co |
(SP detection) L .
7
1
1

WTIMO H
(8 or 9 clock wait) /
(I
1
1
1
|

1

|

1

ACKEO L

(ACK control)  H
MSTSO0

(communication status)

WRELO
(wait cancellation)

INTIICAO
(interrupt)

TRCO
(transmit/receive)

<10>\_|Note 2

<6> ﬂ Note 2

]

.74_’3.._\
- :r_/ [ R R

L

Q : Wait state by slave device

[ITTTTTII]] : Wit state by master and slave devices

Notes 1. Write data to [ICAQ, not setting the WRELDO bit, in order to cancel a wait state during transmission by a
master device.
2. For releasing wait state during reception of a slave device, write “FFH” to IICAO or set the WRELDO bit.
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RL78/G12 CHAPTER 12 SERIAL INTERFACE IICA

Figure 12-32. Example of Master to Slave Communication
(9-Clock Wait Is Selected for Master, 9-Clock Wait Is Selected for Slave) (4/4)

(4) Data ~ restart condition ~ address

IICAO

<iii>
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(ACK control)  H
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(ST trigger)
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WRELO /
(wait cancellation) L

INTHCAO

(interrupt)

TRCO
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Bus line
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Restart condition

AD6 A AD5 A AD4 X AD3 x AD2 XAD1

Slave address

Note 1

—

ACKDO \‘
(ACK detection)

STDO
(ST detection)

SPDO
(SP detection)

WTIMO
(8 or 9 clock wait)
ACKEO
(ACK control)

MSTSO0
(communication status

WRELO
(wait cancellation)
INTIICAO
(interrupt)

TRCO
(transmit/receive)

-

/

/

-

J

T

=~

T

]
|
\

)L

Note 2

/f:}.

! <i>

\i_l

. -__-____f-

I:l: Wait state by master device
% : Wait state by slave device

[ITTITIII]] - Weit state by master and slave devices

Notes 1. Make sure that the time between the rise of the SCLAO pin signal and the generation of the start
condition after a restart condition has been issued is at least 4.7 us when specifying standard mode and
at least 0.6 us when specifying fast mode.

2. For releasing wait state during reception of a slave device, write “FFH” to IICAO or set the WRELDO bit.
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RL78/G12 CHAPTER 17 STANDBY FUNCTION

17.3.3 SNOOZE mode

(1) SNOOZE mode setting and operating statuses
The SNOOZE mode can only be specified for CS100, UARTO, or the A/D converter. Note that this mode can only be
specified if the CPU clock is the high-speed on-chip oscillator clock.
When using CSI00 or UARTO in the SNOOZE mode, set the SWCO bit of the serial standby control register 0 (SSCO)
to 1 immediately before switching to the STOP mode. For details, see 11.3 Registers Controlling Serial Array Unit.
When using the A/D converter in the SNOOZE mode, set the AWC bit of the A/D converter mode register 2 (ADM2) to
1 immediately before switching to the STOP mode. For details, see 10.3 Registers Controlling A/D Converter.

In SNOOZE mode transition, wait status to be only following time.
Transition time from STOP mode to SNOOZE mode: 18 pus to 65 us

Remark Transition time from STOP mode to SNOOZE mode varies depending on the temperature conditions and
the STOP mode period.

From SNOOZE to normal operation
o When vectored interrupt servicing is carried out:
HS (high-speed main) mode : "6.65 us to 9.44 us" + 7 clocks
LS (low-speed main) mode : "1.10 us to 5.08 us" + 7 clocks
¢ When vectored interrupt servicing is not carried out:
HS (high-speed main) mode : "6.65 s to 9.44 us" + 1 clock
LS (low-speed main) mode : "1.10 us to 5.08 us" + 1 clock

The operating statuses in the SNOOZE mode are shown below.
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CHAPTER 20 VOLTAGE DETECTOR

20.1 Functions of Voltage Detector

The operation mode and detection voltages (VivoH, VivoL, Vivp) for the voltage detector is set by using the option byte
(000C1H).
The voltage detector (LVD) has the following functions.

e The LVD circuit compares the supply voltage (Vop) with the detection voltage (VivoH, VivoL, Vivp), and generates an
internal reset or interrupt request signal.

e The detection level for the power supply detection voltage (VivoH, VivoL, Vivp) can be selected by using the option
byte as one of 12 levels (For details, see CHAPTER 23 OPTION BYTE).

e Operable in STOP mode.

<R> o After power is supplied, the reset state must be retained until the operating voltage becomes in the range defined in

28.4 or 29.4 AC Characteristics. This is done by utilizing the voltage detector or controlling the externally input
reset signal. After the power supply is turned off, this LSI should be placed in the STOP mode, or placed in the reset
state by utilizing the voltage detection circuit or controlling the externally input reset signal before the voltage falls
below the operating range. The range of operating voltage varies with the setting of the user option byte (000C2H).

(a) Interrupt & reset mode (option byte LVIMDS1, LVIMDSO = 1, 0)
The two detection voltages (VivoH, VivoL) are selected by the option byte 000C1H. The high-voltage detection level
(VovoH) is used for releasing resets and generating interrupts. The low-voltage detection level (VivpL) is used for
generating resets.

(b) Reset mode (option byte LVIMDS1, LVIMDSO = 1, 1)
The detection voltage (VLvp) selected by the option byte 000C1H is used for generating/releasing resets.

(c) Interrupt mode (option byte LVIMDS1, LVIMDSO = 0, 1)
The detection voltage (VLvp) selected by the option byte 000C1H is used for releasing resets/generating interrupts.

The reset and interrupt request signals are generated in each mode as follows.

Interrupt & reset mode Reset mode Interrupt mode
R
<> (LVIMDS1, LVIMDSO = 1, 0) (LVIMDS1, LVIMDSO =1, 1) (LVIMDS1, LVIMDSO0 =0, 1)
Generates an interrupt request signal by | Releases an internal reset by detecting Retains the state of an internal reset by
detecting Voo < Vivon when the operating | Voo > Vivo. the LVD immediately after a reset until
voltage falls, and an internal reset by Generates an internal reset signal by Vop > Vivo. Releases the LVD internal
detecting Voo < VivoL. detecting Voo < Vivo. reset by detecting Voo > Vivp.
Releases an internal reset by detecting Generates an interrupt request signal
Vop > VivoH. (INTLVI) by detecting Voo < Vivp or Voo >

Vo after the LVD internal reset is
released.

While the voltage detector is operating, whether the supply voltage is more than or less than the detection level can be
checked by reading the voltage detection flag (LVIF: bit O of the voltage detection register (LVIM)).

Bit 0 (LVIRF) of the reset control flag register (RESF) is set to 1 if reset occurs. For details of the RESF register, see
CHAPTER 18 RESET FUNCTION.
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RL78/G12 CHAPTER 21 SAFETY FUNCTIONS

21.2 Registers Used by Safety Functions

The safety functions use the following registers for each function.

Register Each Function of Safety Function
« CRC input register (CRCIN) "**® CRC operation function
o CRC data register (CRCD) " (general-purpose CRC)
¢ RAM parity error control register (RPECTL) RAM parity error detection function
¢ Invalid memory access detection control register (IAWCTL) RAM guard function

SFR guard function

Invalid memory access detection function

e Timer input select register 0 (TISO) Frequency detection function

o A/D test register (ADTES) A/D test function

Note Only in the R5F102 products.
21.3 Operation of Safety Functions

21.3.1 CRC operation function (general-purpose CRC)

In order to guarantee safety during operation, the IEC61508 standard mandates the checking of data even while the
CPU is operating.

In the RL78/G12, a general CRC operation can be executed as a peripheral function while the CPU is operating. The
general CRC can be used for checking various data in addition to the code flash memory area. The data to be checked
can be specified by using software (a user-created program). CRC calculation function in the HALT mode can be used
only during the DMA transmission

The CRC generator polynomial used is “X® + X" + X® + 1” of CRC-16-CCITT. The data to be input is inverted in bit
order and then calculated to allow for LSB-first communication. For example, if the data 12345678H is sent from the LSB,
values are written to the CRCIN register in the order of 78H, 56H, 34H, and 12H, enabling a value of 08F6H to be
obtained from the CRCD register. This is the result obtained by executing a CRC operation on the bit rows shown below,
which consist of the data 12345678H inverted in bit order.

CRCIN setting data 78H 56H 34H 12H
Bit representation data 0111 1000 0101 0110 0011 0100 0001 0010

e

Bit reverse data 0001 1110 01101010 00101100 0100 1000
@ Operation with polynomial
Result data 01101111 0001 0000
Bit reverse
CRCD data 0000 1000 11110110 <4 Obtained result
(08F6H)

Caution Because the debugger rewrites the software break setting line to a break instruction during program
execution, the CRC operation result differs if a software break is set in the CRC operation target area.
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CHAPTER 21 SAFETY FUNCTIONS

Figure 21-10. Configuration of Frequency Detection Function

High-speed on-chip
oscillator clock (fiH) 5
% fok
o
[0
High-speed system @
clock (fux)
<1>
A 4
TIO1 @ P % <> Channel 1 o_f timer
3 array unit 0
g (TAUO)
Low-speed on-chip )
oscillator clock i Watchdog timer
(15 kHz (typ.)) (WDT)

If input pulse interval measurement results in an abnormal value, it can be concluded that the clock frequency is

abnormal.

For how to execute input pulse interval measurement, see 6.8.4 Operation as input pulse interval measurement.

21.3.6.1 Timer input select register 0 (TIS0)

This register is used to select the timer input of channel 1 of the timer array unit 0 (TAUO) in 20- and 24-pin products.

The TISO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 21-11. Format of Timer Input Select Register 0 (TISO)

Address: FO0O74H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TISO 0 0 0 0 0 0 TISO1 TIS00
TISO1 TIS00 Selection of timer input used with channel 1
X 0 Input signal of timer input pin (TI101)
0 1 Low-speed on-chip oscillator clock (fi.)
1 1 Setting prohibited

Remark x: don’t care

RO1UH0200EJ0210 Rev.2.10 RENESAS
Mar 25, 2016

671



RL78/G12

CHAPTER 23 OPTION BYTE

23.2 Format of User Option Byte

The format of user option byte is shown below.

Address: 000COH

Figure 23-1. Format of User Option Byte (000COH)

7 6 5 4 3 2 1 0
WDTINIT | WINDOW1 | WINDOWO WDTON WDCS2 | WDCS1 | WDCS0 |WDSTBYON
WDTINIT Use of interval interrupt of watchdog timer

0 Interval interrupt is not used.

1 Interval interrupt is generated when 75% + 1/2 fi of the overflow time is reached.

WINDOW1 | WINDOWO Watchdog timer window open period"™

0 0 Setting prohibited

0 1 50%

1 0 75%

1 1 100%

WDTON Operation control of watchdog timer counter

0 Counter operation disabled (counting stopped after reset)

1 Counter operation enabled (counting started after reset)

WDCS2 WDCS1 WDCSO0 Watchdog timer overflow time
(fiL = 17.25 kHz (MAX.))

0 0 0 2°/fiL (3.71 ms)

0 0 1 2'/fiL (7.42 ms)

0 1 0 2°/fiL (14.84 ms)

0 1 1 2°/fiL (29.68 ms)

1 0 0 2"/fiL (118.72 ms)

1 0 1 2/fiL (474.89 ms)

1 1 0 2"/fiL (949.79 ms)

1 1 1 2"/fiL (3799.18 ms)

WDSTBYON Operation control of watchdog timer counter (HALT/STOP mode)

0 Counter operation stopped in HALT/STOP mode"*

1

Counter operation enabled in HALT/STOP mode

Note The window open period is 100% when WDSTBYON = 0, regardless the value of the WINDOW1 and
WINDOWO bits.

Remark fiL.: Low-speed on-chip oscillator clock frequency
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RL78/G12 CHAPTER 24 FLASH MEMORY

Table 24-12. Relationship between Enabled Security Function and Commands

(1) During serial programming

Enabled Security Function Executed Command
Block Erase Write
Prohibition of block erasure Blocks cannot be erased. Can be performed"”.
Prohibition of writing Blocks can be erased. Cannot be performed.
Prohibition of rewriting boot cluster 0 Boot cluster 0 cannot be erased. Boot cluster 0 cannot be written.
Note Confirm that no data has been written to the write area. Because data cannot be erased when block erase is

prohibited, do not write data if the data has not been erased.

(2) During self-programming

Enabled Security Function Executed Command

Block Erase Write

Prohibition of block erasure Blocks can be erased. Can be performed.

Prohibition of writing

Prohibition of rewriting boot cluster 0 Boot cluster 0 cannot be erased. Boot cluster 0 cannot be written.

Remark To prohibit writing and erasing during self-programming, use the flash shield window function (see 24.6.2 for
detail).

Table 24-13. Security Setting in Each Programming Mode

Serial programming

Security Security Setting How to Disable Security Setting

Prohibition of block erasure Set via GUI of dedicated flash memory Cannot be disabled after setting.

programmer, etc.

Prohibition of writing Set via GUI of dedicated flash memory

programmer, etc.

Prohibition of rewriting boot cluster 0 Cannot be disabled after setting.

Caution Releasing the setting of prohibition of writing is enabled only when the security is not set as the block erase
prohibition and the boot cluster 0 rewrite prohibition with code flash memory area and data flash memory
area being blanks.
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CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

29.6.4 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(Ta =—-40 to +105°C, VporR< VDD < 5.5 V, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection supply voltage Vivoo Power supply rise time 3.90 4.06 422 Vv
Power supply fall time 3.83 3.98 413 \%

Vivo1 Power supply rise time 3.60 3.75 3.90 \

Power supply fall time 3.53 3.67 3.81 \%

Vivp2 Power supply rise time 3.01 3.13 3.25 \'%

Power supply fall time 2.94 3.06 3.18 \%

Vivps Power supply rise time 2.90 3.02 3.14 \'%

Power supply fall time 2.85 2.96 3.07 \%

Vivps Power supply rise time 2.81 2.92 3.03 \

Power supply fall time 2.75 2.86 2.97 \%

Vivpbs Power supply rise time 2.70 2.81 2.92 \Y

Power supply fall time 2.64 2.75 2.86 \'%

Vivoe Power supply rise time 2.61 2.71 2.81 \Y

Power supply fall time 2.55 2.65 2.75 \

Vwvor Power supply rise time 2.51 2.61 2.71 \

Power supply fall time 2.45 2.55 2.65 \%

Minimum pulse width tw 300 us
Detection delay time 300 us
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