LENESAS APPLICATION NOTE

RL78/F13, F14 RO2AN0034EJ0100
Rev.1.00
Clock Generator Sep. 1, 2016

Introduction

This application note is related to the clock generators used in the RL78/F13 and RL78/F14 microcontrollers and
describes the structure of clocks, their setting procedures and the points to note.

Target Device
RL78/F14 and RL78/F13 groups (CAN and LIN incorporated), and RL78/F13 group (LIN incorporated)
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RL78/F13, F14

Clock Generator

1. Hardware description

The RL78/F13 and RL78/F14 groups have the following clock generators. Table 1.1 and Table 1.2 show outlined
specifications of each clock generator.

- X1 oscillator

- High-speed on-chip oscillator (high-speed OCO)

- PLL circuit

- XT1 oscillator

- Low-speed on-chip oscillator (low-speed OCO)

- Watchdog-dedicated low-speed on-chip oscillator (WDT-dedicated low-speed OCQO)
Notes: 1. Products with 20, 30 and 32 pins have no XT1 oscillator.

2. Do not use the XT1 oscillator (subsystem clock) in grade-Y products.

Table 1.1 Outline of clocks used in RL78/F13 and RL78/F14 groups (1)

High-speed OCO

X1 clock XT1 clock PLL clock
clock

After reset Starts oscillating Stops Stops Stops

release

Clock frequency grade L 1 to 20[MHz] grades L and K grade L
Select one from the 32.768[kHz] Select one from the
following: grade Y following:
1/4/8/12/16/24/32/48/ Usage disabled 24/32/48/64 [MHz]
64 [MHz] grades K and Y

grades K and Y
Select one from the

Select one from the
following:

following: 24/32/48 [MHz]
1/4/8/12/16/24/32/48
[MHZz]
CPU/peripheral grade L 20MHz 35.0kHz grade L
hardware clock 32[MHZz] 32[MHZz]
frequency (max.) | grades K and Y grades K and Y
24[MHz] 24[MHZz]
Application *CPU clock *CPU clock *CPU clock *CPU clock

*peripheral hardware
clock

*peripheral hardware
clock

*peripheral hardware
clock

*peripheral hardware
clock

Conditions for
starting oscillation

*after reset release
*CSC.HIOSTOP=0
*when STOP mode is
released

*CSC.MSTOP=0
*when STOP mode is
released

*CSC.XTSOP=0

*PLLCTL.PLLON=1

Conditions for

*Execution of the

*Execution of the

*CSC.XTSTOP=1

*PLLCTL.PLLON=0

stopping STOP instruction STOP instruction

oscillation *CSC.HIOSTO=1 *CSC.MTOP=1

Method for — *Wait for the clock *Wait for the clock *PLLSTS.LOCK=1
deciding whether oscillation to stabilize oscillation to stabilize

the clock using the OSTC using software

oscillation has register

stabilizes
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Clock Generator

Table 1.2 Outline of clocks used in RL78/F13 and RL78/F14 (2)

Low-speed OCO

WDT-dedicated low-speed OCO clock

After reset Stops Select the operation (stops/oscillates) with the WDTON bit in the
release user option byte (000COH/020COH).

Clock frequency 15[kHz] 15[kHz]

CPU/peripheral 15[kHz] Cannot be used as the CPU/peripheral hardware clock.
hardware clock

frequency (max.)

Application *CPU clock *WDT clock

*peripheral hardware clock
*clock monitor operation clock

Conditions for
starting oscillation

*OSMC.WUTMMCKO=1, or
CKSEL.SELLOSC=1

*Set the WDTON bit in the user option byte (000COH/020COH) to
1

*Set the WDTON and WDSTBYON bits in the user option byte
(O0O0COH/020CO0H) to 1 and 0 respectively, and release HALT/
STOP/SNOOZE modes.

Conditions for

*OSMC.WUTMMCKO0=0 and

*Set the WDTON bit in the user option byte (000COH/020COH) to

stopping CKSEL.SELLOSC=0 0

oscillation * When the WDTON and WDSTBYON bits in the user option byte
(O0O0COH/020C0H) have been set to 1 and O respectively and also
the operating mode is shifted to HALT/STOP/SNOOZE mode.

Method for — —

deciding whether

the clock

oscillation has

stabilizes

1.1 CPU clock status transition

Figure 1.1 is a state transition chart of the CPU/peripheral hardware clock frequency (fck) and Figure 1.2 is a block
diagram of the CPU clock. Table 1.3 shows the state transitions of the CPU clock.

C

Reset release >

-

~

PLL clock oscillates
(high-speed OCO)

.

High-speed OCO oscillates

' )

4 A

XT1 clock oscillates >

—(
—(

Low-speed OCO oscillates >

PLL clock oscillates
(X1 clock)

XT1 clock oscillates >

N\

Na
e

)

J

SNOOZE mode

A

STOP mode
( HALT mode > Qwhen SNOOZE mode is not usedD (

STOP mode
(when SNOOZE mode is used)

Figure 1.1 CPU clock state transition
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RL78/F13, F14

Clock Generator

‘ MCSs ‘ MCMO ‘

‘ PLLCTL ‘ ‘ PLLSTS ‘

MDIV

A

A

SELLOSC

fex: external main system clock frequency

fi:  high-speed on-chip oscillator clock frequency
fsus: subsystem clock frequency (fxr, fext)

fxr:  XT1 clock frequency

fexr: external subsystem clock frequency

fi:  low-speed on-chip oscillator clock frequency
fuan: Main system clock frequency

fwe: main/PLL select clock frequency

fek: CPU/peripheral hardware clock frequency

fi
X1 oscillator M >
Source selector for v
main system clock h 4 \ 4
. fin fuam N fup -
High-speed OCO > »  PLL circuit > Divider >
Source selector for
CPU clock and fewk
peripheral hardware
clock
f q
XT1 generator S8 » d
f;
Selector =
fIL
Low-speed OCO >
fux: high-speed system clock frequency (fx, fex)
fx: X1 clock oscillation frequency

MCMO0,MCS,CSS,CLS: bits in the CKC register
SELLOSC: a bit in the CKSEL register
MDIV,PLLCTL,PLLSTS: registers

Figure 1.2 Block diagram of CPU clock

Table 1.3 Transitions of CPU/peripheral hardware clock (fcik)

Clock after switchover
fin fmx feee(fin) feLe(fvx) fsus(Noe 1) fiL
fin Switchover enabled Switchover enabled nibited h Switchover enabled Switchover enabled
Prohibited t
(See Figure 2.4.) (See Figure 2.10.) roniblied o change (See Figure 2.4.) (See Figure 2.4.)
Switchover enabled Switchover enabled Switchover enabled Switchover enabled
fMX Prohibited to change
(See Figure 2.2.) (See Figure 2.10.) (See Figure 2.2.) (See Figure 2.2)
Clock Switchover enabled
before fPLL(fIH) (See Fi 211 ) Prohibited to change Prohibited to change Prohibited to change Prohibited to change
ee Figure 2.11.
switchover Switchover enabled
(f ) fPLL(fMX) Prohibited to change ( ) Prohibited to change Prohibited to change Prohibited to change
CLK, See Figure 2.12
fSUB Switchover enabled Switchover enabled
(Note 2) (See Fi 28) (See Fi 28) Prohibited to change Prohibited to change Prohibited to change
ee Figure Z.o. €ee Figure 2.6.
Switchover enabled Switchover enabled
fIL ( ) ) ) Prohibited to change Prohibited to change Prohibited to change
See Figure 2.6. See Figure 2.6.
fok: CPU/peripheral hardware clock
fin: high-speed on-chip oscillator clock
fvx: X1 clock
feue(fin):  PLL clock (clock source: high-speed on-chip oscillator)
feu(fux):  PLL clock (clock source: X1 clock)
fsus : XT1 clock
fi: low-speed on-chip oscillator clock

Note: Products with 20, 30, and 32 pins are not provided with the XT1 clock.
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RL78/F13, F14 Clock Generator

2. Procedures for setting each clock generator

This chapter describes the overview of each clock generator and the procedures for setting the clock generators.

2.1 X1 oscillator

The X1 oscillator is a clock generator which is connected to the X1/X2 pin, or an external clock circuit which input to
the EXCLK pin, and respectively generates the internal clock (the X1 clock oscillation frequency fx, the external main
system clock frequency fex). The clock generated by the X1 oscillator can be used as a clock source of the CPU clock.
When the clock generated by the X1 oscillator is selected as a main system clock fuain, the oscillation status of the X1
clock can be monitored by the clock monitor function. Figure 2.1 is a block diagram of the X1 oscillator.

X1 oscillator

MSTOP STOP mode signal OSTS2 OSTS1 OSTSO0
A 4 i i l i
P X1 oscillation stabilization time counter |« standby controller
X1 (O— J—} i
_) fux v
X2EXCLK (O)—— = EXCLK s fey osTC
A A A

MSTOP: a bit in the CSC register
AMPH, EXCLK, OSCSEL: bits in the CMC register

AMPH EXCLK | OSCSEL OSTS2 - OSTSO: bits in the OSTS register

fx 1 X1 clock oscillation frequency
fex 1 external main system clock frequency
fux : high-speed system clock frequency

Figure 2.1 Block diagram of X1 oscillator

211 Procedure for starting X1 oscillator operation

After reset release, the pins P121 and P122, to which the pins X1 and X2 are respectively assigned, function as an input
port and the X1 oscillator stops its operation. To restart the X1 oscillator, set the following clock-related registers
according to the procedure below:

(1) Set the EXCLK, OSCSEL and AMPH bits in the CMC register. No1
CMC.[EXCLK:OSCSEL] = 01b (X1 oscillation mode) or 11b (external clock input mode)

(2) Set the oscillation stabilization time with the OSTS register. Not2

(3) Write 0 to the MSTOP bit in the CSC register to enable the X1 oscillator operation.

(4) Monitor the OSTC register to check the elapsed oscillation stabilization time.

Notes:1. The CMC register can be written only once after reset release.

2. The oscillation stabilization time varies depending on the resonator used. Please consult the resonator
manufacture to select an appropriate oscillation stabilization time and adequately evaluate the oscillation on
your system. When external clock input mode is selected, oscillation stabilization processing is not needed.
However, be sure to use the input clock within the range specified in the electrical characteristics.

For the procedure for selecting the high-speed system clock frequency fux as the CPU clock, refer to Section 2.2 to
Section 2.5.
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21.2 Procedure for stopping X1 oscillator operation
To stop the oscillation of the X1 oscillator, set the following clock-related registers according to the procedure below:

(1) Set the CPU clock to a clock whose count source is not the high-speed system clock frequency fux.
(2) Write 1 to the MSTOP bit in the CSC register to stop the operation of the X1 oscillator.
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Clock Generator

2.1.3

Procedure for switching CPU clock (pre-switchover clock: fux)

Figure 2.2 shows the procedure for switching the X1 oscillation clock to any available clock as the CPU clock.

X1 clock oscillates

<

<~

To oscillate high-speed

~

To oscillate X1 clock

To oscillate set XT1 clock

To oscillate low-speed

OCO OCO
*[EXCLKS, OSCSELS]
. =01b(XT1 oscillation mode)
1. CMC register l l =11b(external clock input) i
*[AMPHS1, AMPHSO0]=xxb
G OSMC register 1 l *RTCLPC=x l
*SELLOSC=1
3. QfSEL ! ! *SELLOSC=0 (Low-speed OCO starts
register operating.)
4. 0STS
register ! ! ! !
5. HOCODIV *HOCODIV[2:0]=xxb | ! !
register
6.CSC *HIOSTOP=0 *XTSTOP=0
register (High-speed OCO starts l (XT1 oscillator starts !
operating.) operating.)
Z's::/?flaai':icf)%rto *Secure the stabilization ! *Secure the stabilization !
ctabilize wait time by a program. wait time by a program.
G MDIV register *MDIV[2:0]=xxxb *MDIV[2:0]=xxxb l )

N N N N N N N N N N

9. CKC register *MCMO0=0 ! *CSS=1 *CSS=1
(Switch the clock) (Select fyan=fi.) (Select ferc=fsL.) (Select fcik=fsL)
10. CKC
register *Confirm MCS=0. ! *Confirm CLS=1. *Confirm CLS=1.
(check
switchover)
|: Settings not required N 7 N e
ferk=fin ferk=fux fok=fsue fouk=fiL
(High-speed OCO clock (X1 clock (XT1 clock (Low-speed OCO clock

has been selected)

has been selected)

has been selected)

has been selected)

Figure 2.2 Switchover from X1 clock
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RL78/F13, F14 Clock Generator

2.1.4 Cautions on the X1 oscillator
® When the X1 oscillator is not used, set both the EXCLK bit and the OSCSEL bit in the CMC register to 0 (input
port mode).

® |f the X1 clock oscillation frequency exceeds 10MHz, set the AMPH bit in the CMC register to 1. When the X1
clock oscillation frequency is in the range from 1 to 10MHz, setting the AMPH bit to 1 improves the oscillation
margin.

® Before the X1 oscillator starts operating, the OSTS2 to OSTSO bits in the OSTS register need to be set to a value
equal to or greater than the count value which is to be checked by the OSTC register.

® \When setting the MDIV register, make the frequency after division of fye be within between 1MHz and 32MHz (or
1MHz to 24MHz for grade-K and grade-Y products).

® If your X1 oscillator has any resonator, oscillation constants and oscillation stabilization time required for the X1
oscillator vary depending on the resonator used. Please consult the resonator manufacture to select an appropriate
resonator and to determine the proper oscillator constants. Also adequately evaluate the oscillation on your system.

2.2 High-speed on-chip oscillator

After reset release, the high-speed on-chip oscillator is a clock source of the CPU clock. With option byte, one high-
speed on-chip oscillator clock frequency can be selected from the incorporated clock sources 1/4/8/12/16/24/32/48/64
[MHZz]. With a program, the high-speed on-chip oscillator clock frequency can be switched to
1/2/3/416/8/12/16/24/32/48/64 [MHz]. Figure 2.3 shows a block diagram of the highs-speed on-chip oscillator.

High-speed on-chip oscillator

‘ HIOSTOP ‘ ‘ FRQSEL[4:0] ‘ STOP mode signal

v v

fin

>

FRQSEL[4:0]: bits in the option byte
HOCODIV[2:0]: bits in the HOCODIV register
HIOSTOP: a bit in the CSC register

fiu: high-speed on-chip oscillator

HOCODIV[2:0]

Figure 2.3 Block diagram of high-speed on-chip oscillator

2.2.1 Procedure for starting high-speed on-chip oscillator operation

After reset release, the high-speed on-chip oscillator starts operating. To start the oscillator after the oscillator operation
is stopped, set the following clock-related registers according to the procedure below.

(1) Write 0 to the HIOSTOP bit in the CSC register to start the high-speed on-chip oscillator.
(2) Check the elapsed oscillation stabilization time. Nte!

Note: Set the oscillation stabilization time with your software using a timer or software wait. The oscillation
stabilization time varies depending on the settings to the FRQSEL4 bit in the option byte (000C2H/020C2H).

FRQSEL4=0: (max) 65us, FRQSEL4 =1: (max) 105us

For the procedure for selecting the high-speed on-chip oscillation clock frequency fi. as the CPU clock, refer to
Sections 2.1, 2.3 to 2.5.
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222 Procedure for stopping high-speed on-chip oscillator
To stop the high-speed on-chip oscillator, set the following clock-related registers according to the procedure below.

(1) Set the CPU clock to a clock whose count source is not the high-speed on-chip oscillator clock frequency fi.

(2) Write 1 to the HIOSTOP bit in the CSC register to stop the high-speed on-chip oscillator.
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2.2.3 Procedure for switching CPU clock (pre-switchover clock: fin)

Figure 2.4 shows the procedure for switching the high-speed on-chip oscillator clock to any available clock as the CPU
clock.

High-speed on-chip oscillator oscillates

To oscillate high-speed

<

<

To oscillate X1

To oscillate low-speed

0Cco —y To oscillate XT1 clock 0Cco
*[EXCLK, OSCSEL] *[EXCLKS, OSCSELS]
1.CMC = 01b (X1 oscillation mode) = 01b (XT1 oscillation mode)
register l = 11b (external clock input) = 11b (external clock input) l«
*AMPH = x *[AMPH1, AMPHS0] = xxb
2. 0SMC * =
Cegister 1l l RTCLPC = x ! }
*SELLOSC =1
ré (.:SKt:rEL l | *SELLOSC =0 (Low-speed OCO
9l starts operating.)
4. OSTS . "
Cegister ! 0STS[2:0] = xxxb ! ! }
. HOCODIV *HOCODIV[2:0] = ! !
register xxxp®™ee D |
csc *MSTOP =0 *XTSTOP =0
re‘ stor ) (X1 oscillator starts (XT1 oscillator starts !
9 operating.) operating.)
. Wait for Read the OSTC register to Secure the oscillation
oscillation to i check the elapsed oscillation stabilization wait time by a l
stabilize stabilization time. program.
C. MDIV register | *MDIV[2:0] = xxxb®x? *MDIV[2:0] = xxxb ! ! ]
9. CKC register *MCMO =1 *CSs=1 *CSS=1
(Switch clocks) ! (Select fyam = fux-) (Select fyan = fs.) (Select fyan = fs.)
10. CKC register
(Check clock l *Confirm MCS = 1. *Confirm CLS = 1. *Confirm CLS = 1.
switchover)
ferk=fin foLk=fux felk=fsus feuk=fiL

(High-speed OCP clock

has been selected.)

| : Settings not required

(X1 clock has
been selected.)

(XT1 clock has
been selected.)

(Low-speed OCO clock
has been selected.)

Note: To change the high-speed on-chip oscillator clock frequency fi to 64 or 48MHz from 32MHz or lower, set the MDIV[2:0] bits in the
MDIV register to 001b (divided by 2) before setting the HOCODIV[2:0] bits in the HOCODIV register.

Figure 2.4 Switchover from high-speed on-chip oscillator clock
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RL78/F13, F14 Clock Generator

2.2.4 Cautions on high-speed on-chip oscillator

@ \When setting the MDIV register, make the frequency after division of the main/PLL select clock frequency fwvp be
within between 1MHz and 32MHz (or between 1MHz and 24MHz for grade-K and grade-Y products).

® To select the PLL clock as the CPU/peripheral hardware clock when the high-speed on-chip oscillator clock
frequency is set to 48MHz or 24MHz with the FRQSEL [4:0] bits in the user option byte (000C2H/020C2H), do not
set the CPU/peripheral hardware clock frequency (fcik) to 32MHz.

® \When the high-speed on-chip oscillator clock frequency is set to 64MHz or 48MHz, set the MDIV register to 01h
(fme/2).

® To restart the high-speed on-chip oscillator, the oscillation stabilization time is required. The oscillation stabilization
time varies depending on the settings to the FRQSEL4 bit in the user option byte (000C2H/020C2H): [when
FRQSEL4=0, the time is 65us (max.), when FRQSEL4=1, the time is 105us (max.)]. Implement the oscillation
stabilization time with your software using timers or software wait.

2.3 Low-speed on-chip oscillator

The low-speed on-chip oscillator operates at 15kHz and can be selected as a clock source of the CPU clock. After reset
release, the low-speed on-chip oscillator stops operating. In STOP mode, the low-speed on-chip oscillator does not stop
its oscillation. Figure 2.5 shows a block diagram of the low-speed on-chip oscillator.

Low-speed on-chip oscillator

WUTMMCKO

R fiL

WUTMMCKO: a bit in the OSMC register
SELLOSC: a hit in the CKSEL register
fi.: low-speed on-chip oscillator clock frequency

SELLOSC

Figure 2.5 Block diagram of low-speed on-chip oscillator

2.3.1 Procedure for starting low-speed on-chip oscillator

After reset release, the low-speed on-chip oscillator stops operating. To restart the low-speed on-chip oscillator, set the
clock-related registers according to the procedure below:

(1) Write 1 to the SELLOSC bit in the CKSEL register to start the low-speed on-chip oscillator operation. Note!

Note: The low-speed on-chip oscillator also starts its operation when the WUTMMCKO bit in the OSMC register is set
to 1.

For the procedure for selecting the low-speed on-chip oscillator clock frequency fi_ as the CPU clock, refer to Sections
2.1and 2.2.
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2.3.2 Procedure for stopping low-speed on-chip oscillator
To stop the low-speed on-chip oscillator, set the following clock-related registers according to the procedure below.

(1) Set the CPU clock to a clock whose count source is not the high-speed on-chip oscillator clock frequency fi.

(2) Set the SELLOSC bit in the CKSEL register and the WUTTMMCKO bit in the OSMC register to 0 to stop the low-
speed on-chip oscillator operation.
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2.3.3 Procedure for switching CPU clock (pre-switchover clock: fi.)

Figure 2.6 shows the procedure for switching the low-speed on-chip oscillator clock to any available clock as the CPU
clock.

Low-speed on-chip oscillator oscillates

To oscillate high-speed To oscillate low-speed

To oscillate X1 clock To oscillate XT1 clock

(e]e]e] (e]efe]
*[EXCLK, OSCSEL]
. = 01b (X1 oscillation mode)
1. CMC register Il = 11b (external clock input) - I
*AMPH = x
EOSTS register ! *OSTS[2:0]=xxxb — ! ]
EHOCODN *HOCODIV[2:0]=xxxb™'¢ ) ! — | ]
register
*HIOSTOP= 0 *MSTOP=0
4, CSC register (High-speed OCO starts (X1 oscillator starts — !
operating.) operating.)
5. Wait for Secure the oscillation RG] T2 QI FEgEi(e
illation t stabilization wait time by a el e Ehses —
Otscl;'lz‘i ionto e— Y oscillation stabilization !
stabilize program. iy
*SELPLL=0 *SELPLL =0
6. Set fyp (Select clock through (Select clock through — |
mode.) mode.)
7.Check the clock Confirm SELPLLS = 0. Confirm SELPLLS = 0. . !
switched from fyp. (fMP = fMAIN selected) (fup = fwan Selected)
EMDIV register *MDIV[2:0] = xxxb *MDIV[2:0] = xxxb — l ]
9. CKC register
(Select main *MCMO0 =0 *MCMO = 1 — !
system clock fyan.)
(lg(,\,gc'?,%\,r:rgmer Confirm MCS = 0. Confirm MCS = 1. _ !
confirmation) (fup = fwan = fi Selected) (fup = fuain = fux selected)
11. CKC register
(Select *CSS =0 *CSS =0 _ !
CPU/peripheral (Select feik = fwan.) (Select feik = fuwain-)
ardware clock fcik)
12. CKC register
(Switchover *Confirm CLS = 0. *Confirm CLS = 0. = l
confirmation)

Arrow (|): Settings not required J\ /L

—: No settings

<>

~ =

<>

fork=fin fork=fux
(High-speed OCO clock has (X1 clock
been selected.) has been selected.)

Prohibited to change feu=fiL
(Low-speed OCO clock

has bee selected.)

Figure 2.6 Switchover from low-speed on-chip oscillator clock

RO2AN0034EJ0100 Rev.1.00
Sep. 1, 2016

Page 15 of 26
RENESAS



RL78/F13, F14 Clock Generator

2.3.4 Cautions on low-speed on-chip oscillator

® To select the low-speed on-chip oscillator for the count source of the timer RJ, write 1 to the WUTMMCKO bit in
the OSMC register. Writing 1 to the WUTMMCKO bit starts the operation of the low-speed on-chip oscillator.

@ \When the low-speed on-chip oscillator clock is used as the peripheral hardware clock, operations of A/D converters
and IICA cannot be guaranteed.

® \When setting the TRD_CKSEL bit in the CKSEL register to 1 (select the subsystem/low-speed on-chip oscillator
select clock frequency fs. as the timer RD clock), select fs, as the CPU clock before setting the TRDOEN bit in the
PERL register to 1.

2.4 XT1 oscillator

The XT1 oscillator is a clock generator which is connected to the XT1/XT2 pin, or an external circuit which inputs to
the EXCLKS pin, and respectively generates the internal clock (the XT1 clock oscillation frequency fxr, the external
subsystem clock frequency fexs). The clocks generated by the XT1 oscillator can be used for the source of the CPU
clock. Even after the transition to STOP mode, the XT1 oscillator does not stop oscillating. Figure 2.7 is a block
diagram of the XT1 oscillator.

XT1 oscillator

XTSTOP CLS

A\ 4 A 4
(0— XTI XTZ T |
XT1C | resonator _> fxr
> fsus
XT2/EXCLKS (O——
A A A A A XTSTORP: a bit in the CSC register

CLS: a bit in the CKC register
SELLOSC: a bit in the CKSEL register
AMPHS1, AMPHSO0, EXCLKS, OSCSELS: bits in the CMC register

‘SELLOSC‘ ‘ AMPHS1 ‘ AMPHSO0 ‘ EXCLKS | OSCSELS

fxr:  XT1 clock oscillation frequency
fexs: external subsystem clock frequency
fsus: subsystem clock frequency

Figure 2.7 Block diagram of XT1 oscillator

2.4.1 Procedure for starting XT1 oscillator

After reset release, the pins P123 and P124 to which the pins XT1 and XT2 are respectively assigned, function as an
input port pin and the XT1 oscillator stops operating. To restart the XT1 oscillator, set the following clock-related
registers according to the procedure below:

(1) Set the EXCLKS, OSCSELS, AMPHS1 and AMPHSO0 bits in the CMC register. Note1
CMC.[EXCLKS:OSCSELS]=01b (XT1 oscillation mode) or 11b (external clock input mode)

(2) Set the SELLOSC bit in the CKSEL register to 0.

(3) Write 0 to the XTSTOP bit in the CSC register to enable the XT1 oscillator operation.

(4) Confirm the elapsed oscillation stabilization time. N°t2

Notes:1. The CMC register can be written only once after reset release.

2. The stabilization oscillation time varies depending on the resonator used. Please consult the resonator
manufacture to select an appropriate oscillation stabilization time and adequately evaluate the oscillation on
your system. When external clock input mode is selected, oscillation stabilization time is not required.
However, be sure to use the input clock within the specified range of electrical specifications.

For the procedure for selecting the subsystem clock frequency fsus as the CPU clock, refer to Sections 2.1 and 2.2.
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2.4.2 Procedure for stopping XT1 oscillator
To stop the XT1 oscillator, set the following clock-related registers according to the procedure below:

(1) Set the CPU clock to a clock whose count source is not the subsystem clock fsyg.
(2) Write 1 to the XTSTOP bit in the CSC register to stop the XT1 oscillator operation.
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2.4.3

Procedure for switching CPU clock (pre-switchover clock: fsug)

Figure 2.8 shows the procedure for switching the XT1 oscillator clock to any available clock as the CPU clock.

XT1 clock oscillates

~—

~—

/To oscillate high—speed\

To oscillate X1 clock

To oscillate XT1 clock

To oscillate low-speed

(

Car N or N/gas\ (2N & N/ ex N\ gao\ [agoN\/ 2 N(&e N/ ® \/ =

NP/ NP/ NP/ NP/ N7 N N N N N N N

oco oco
*[EXCLK, OSCSEL]
= 01b (external X1 oscillation
1. CMC register l mode) ! —
= 11b (external clock input)
*AMPH = x
2. OSTS register ! *OSTS[2:0] = xxxb 1 -
3. HOCODIV *HOCODIV[2:0] = xxxb l ! -
register
*HIOSTOP =0 *MSTOP =0
4. CSC register (High-speed OCO starts (X1 oscillator starts | =
operating.) operating.)
. -
5. Wait for *Secure the oscillation REEGI (e GRS TS
illation to stabilization time with a o check the elapsed I -
Otsct;.l. rogram oscillation stabilization
stabilize program. time.
6. Set fup *SELPLL =0 *SELPLL =0
(Clock (Select clock through (Select clock through ! —
switchover) mode.) mode.)
7.Check the clock *Confirm SELPLLS = 0. *Confirm SELPLLS = 0. . _
switched from fyp. (fvp = fuain Selected) (fup = fuan Selected)
8. MDIV register *MDIV[2:0] = xxxb *MDIV[2:0] = xxxb 1 —
o SKC register *MCMO = 0 MCMO = 1 . _
system clock fun) (fvp = fmain = fiu Selected) (fup = fman = fux selected)
10. CKC register
(Check *Confirm MCS = 0. *Confirm MCS = 1. l =
switchover)
11. CKC register *CSS=0 *CSS=0 ! _
(Switch the clock.) (feik = fman(fin) selected) (ferk = fuan(fux) selected)
12. CKC register o : - o g _ _
(Check switchover) Confirm CLS = 0. Confirm CLS = 0. 1
| : settings not required ~ - ~ - . - 2 _
—: no settings
fouk=fin fork=fux feu=fsue Prohibited to change
(High-speed OCO clock (X1 clock (XT1 clock

has been selected.)

has been selected.)

has bee selected.)

Figure 2.8 Switchover from XT1 clock
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2.4.4 Cautions on XT1 oscillator

The subsystem clock (fsus) cannot be used in products with 20, 30 and 32 pins as well as grade-Y products.

When the XT1 oscillator is not used, set both the EXCLKS and OSCSELS bits in the CMC register to 0 (input port
mode).

When a resonator is used in your XT1 oscillator, oscillation constants and the oscillation stabilization time vary
depending on the resonator used. Thus, please consult the resonator manufacturer to select an appropriate resonator
and the oscillation stabilization time and sufficiently evaluate oscillation with your system.

When the subsystem clock is used as the peripheral hardware clock, the operations of the A/D converter and 1ICA
are not guaranteed.

When setting the TRD_CKSEL bit in the CKSEL register to 1(select the subsystem/low-speed on-chip oscillator
select clock frequency fs. as the timer RD clock), select fs, as the CPU clock before setting the TRDOEN bit in the
PER1 register to 1.

2.5 PLL circuit

The clocks that can be obtained by multiplying the high-speed system clock frequency (fux) or the high-speed on-chip
oscillator clock frequency (i) are used as a clock source of the CPU clock. Figure 2.9 shows a block diagram of the

PLL circuit.
PLL circuit
SELPLLS
A
f
MAIN i O
L fup
PLL output ]
Itipli clock fre PuLean /C 3
— ) muttiplier d(ilvidery ; |
Lock-up wait
counter
A A A A
\ 4
PLLON LOCK PLLDIVO PLLMUL SELPLL
PLLON,PLLMUL,SELPLL,PLLDIVO : bits in the PLLCTL register fwan: mMain system clock frequency
SELPLLS, LOCK :bits in the PLLSTS register fwp: main/PLL select clock frequency
Figure 2.9 Block diagram of PLL circuit
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251 Procedure for starting oscillation of the PLL circuit

After reset release, the PLL circuit stops operating. To restart the PLL circuit operation, set the following clock-related
registers according to the procedure below:

(1) Set the PLLMUL, PLLDIVO, PLLDIV1 and LCKSEL[1:0] bits in the PLLCTL register.

(2) Wait for the selection of the PLL multiplication value to become effective. (After setting the PLLMUL bit, wait for
at least 1ps.)

(3) Write 1 to the PLLON bit in the PLLCTL register to enable the operation of the PLL circuit.

(4) Monitor the LOCK bit in the PLLSTS register to check the elapsed oscillation stabilization time. (The desired time
is 40us or more.)

Note: 1. Refer to Table 2.1 for the combination of input clocks and output clocks that can be used in the PLL circuit.
Do not apply any combination of clocks which is not specified in the table.

252 Procedure for stopping the oscillation of the PLL circuit
To stop the oscillation of the PLL circuit, set the following clock-related registers according to the procedure below:

(1) Write 0 to the SELPLL bit in the PLLCTL register to enter clock through mode.
(2) With the SELPLLS bit in the PLLSTS register, check that the transition to clock through mode has been completed.
(3) Write 0 to the PLLON bit in the PLLCTL register to stop the PLL circuit.
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2.5.3

Procedure for switching CPU clock (pre-switchover clock: fp..)

Figure 2.10 shows the procedure for switching the PLL clock to any available clock as the CPU clock. Figure 2.11
shows the procedure for switching the clock source fi4 or fux to the PLL clock.

PLL clock oscillates

CWhen PLL clock source:f.H> CWhen PLL clock source:fmx>

To oscillate high-speed
0oco

To oscillate X1 clock

To oscillate XT1 clock

To oscillate low-speed
OCO

1. PLLCTL
register

Cze)

*SELPLL=0
(fvp = fwain = fi Selected)

*SELPLL=0
(fvp = fwain = fux selected)

2. PLLSTS register

e

*Confirm PLLSTS=0.
(ferk = fuan(fin))

*Confirm PLLSTS = 0.
(ferk = fman(fux))

3. PLLCTL
register

TR

*PLLON =0

*PLLON =0

4. MDIV
register

T

*MDIV[2:0] = xxxb

*MDIV[2:0] = xxxb

5. HOCODIV

TR

NP NP N N N

) *HOCODIV[2:0] = xxxb 1
register
| : settings not required
—:no settings
o o=f . .
CLK=TIH feu=fux Prohibited to change Prohibited to change

(High-speed OCO clock has
been selected)

(X1 clock has been selected)

Figure 2.10 Switchover from PLL clock
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High-speed on-chip
oscillator clock

X1 clock

<>

<

To oscillate high-speed
OCO clock as PLL clock

To oscillate X1 clock
as PLL clock

1. PLLCTL register
(Set PLL
multiplication.)

SEFI

*PLLDIV1 = x
*PLLDIVO = x

*LCKSEL[1:0] = xxb (Set the lock-up wait counter.)

*PLLMUL = x

*Wait for the selection of the PLL multiplication
value to become effective (1ps)

2. PLLCTL register
(PLL starts
operating.)

(83

*PLLON =1

3. PLLSTS register
(Check PLL locked
state.)

-

*Confirm LOCK = 1.

4. MDIV register

Ce

*MDIV[2:0] = xxxb

5. PLLCTL register
(Clock switchover)

2

*SELPLL =1
(ferk = feuc(fin))

*SELPLL =1
(ferk = feuc(fux)

6. PLLSTS register
(Check switchover)

TR

*Confirm SELPLLS = 1.

NP NP N/ N N N

\

AN

<~

fok=feLL selected

(PLL clock whose clock source

/

is high-speed OCO clock)

<~

fCLK=fPLL selected

source is X1 clock)

(PLL clock whose clock

Figure 2.11 Switchover to PLL clock

RO2ANO034EJ0100 Rev.1.00

Sep. 1, 2016

RENESAS

Page 22 of 26




RL78/F13, F14

Clock Generator

254 Cautions on PLL clock

@ \When setting the MDIV register, make the frequency after division of the main/PLL select clock frequency fwp be
within between 1MHz and 32MHz (or 1MHz to 24MHz for grade-K and grade-Y products). In addition, when the
PLLDIV1 bitin the PLLCTL register is set to 1 (fpL.>32MHz), set the MDIV register to 01h (fve/2).

® For a combination of input clocks and output clocks that can be used as the PLL clock, refer to Table 2.1. Do not

apply any combination which is not specified in Table 2.1.

Table 2.1 List of multiplied clocks

PLLCTL register
Input clock Output clock
PLLMUL PLLDIVO PLLDIV1*Note! LCKSEL[1:0]
0 (multiplied by 12) 0 (divided by 2) 0 (frLL<32MHzZ) 01b (64ps) 24MHz
4AMHz£2%
1 (multiplied by 16) 0 (divided by 2) 0 (frLL<32MH?2) 10b (128ps) 32MHz
0 (multiplied by 12) 1 (divided by 4) 0 (frLL<32MH2z) 24MHz
0 (multiplied by 12) 0 (divided by 2) 1 (feLL>32MHz) 48MHz
8MHz+2% 10b (64ps)
1 (multiplied by 16) 1 (divided by 4) 0 (frLL<32MH2z) 32MHz
1 (multiplied by 16) 1 (divided by 4) 1 (feLL>32MHz) 64MHz

Note:1. When the FRQSELA bit in the user option byte (000C2H/020C2H) is 1, set the PLLDIV1 bit to 0.

® \When the clock monitor detects that the main system/PLL select clock has been stopped, the SELPLLS bit in the
PLLSTS register is set to 0 (clock through mode). However, the value of the SELPLL bit in the PLLCTL register

remains 1 (PLL-clock-selected mode).

® \When selecting the PLL clock as the CPU/peripheral hardware clock while the high-speed on-chip oscillator clock
frequency is set to 48MHz or 24MHz with the FRQSEL[4:0] bits in the user option byte (000C2H/020C2H), do not
set the CPU/peripheral hardware clock frequency (fcix) to 32MHz.
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2.6 Watchdog-dedicated low-speed on-chip oscillator
The watchdog-dedicated low-speed on-chip oscillator (WDT-dedicated low-speed on-chip oscillator) is used as the

watchdog timer clock. When the WDTON bit in the user option byte (000COH/020COH) is set to 1, the WDT-dedicated
low-speed on-chip oscillator starts oscillating after reset release, and the watchdog timer starts counting.

When the WDTON and WDSTBYON bits in the user option byte (000COH/020COH) has been respectively set to 1 and
0, and also the operating mode is shifted to HALT/STOP/SNOOZE mode, the WDT-dedicated low-speed on-chip
oscillator stops oscillating. When HALT/STOP/SNOOZE mode is released, the WDT-dedicated low-speed on-chip
oscillator restarts oscillating.

Figure 2.12 is a block diagram of the WDT-dedicated on-chip oscillator.

WDT-dedicated on-chip oscillator

User option byte (000COH/020COH)

WDTON
User option byte (000COH/020COH)
*@ WDSTBYON
HALT/STOP mode signal

f
WDT-dedicated WoT » Watchdog
on-chip oscillator timer

A

Figure 2.12 Block diagram of WDT-dedicated on-chip oscillator
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3. Cautions on setting clocks

® Peripheral functions using the CPU/peripheral hardware clock need to be stopped before the CPU/peripheral
hardware clock is changed.

® The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release. If the
setting to the CMC register is already done, the procedure for clock switchover and the following steps can be
omitted.

® Execute the write access to the CMC, CSC, CKC, OSTS, and MDIV registers when the GCSC bit in the IAWCTL
register is setto 0.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas.
For detailed usage notes on the products covered by this document, refer to the relevant sections of the document as
well as any technical updates that have been issued for the products.

1. Handling of Unused Pins

Handle unused pins in accordance with the directions given under Handling of Unused Pins in the

manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

2. Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.

3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access

these addresses; the correct operation of LSl is not guaranteed if they are accessed.
4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

— The characteristics of Microprocessing unit or Microcontroller unit products in the same group but
having a different part number may differ in terms of the internal memory capacity, layout pattern,
and other factors, which can affect the ranges of electrical characteristics, such as characteristic
values, operating margins, immunity to noise, and amount of radiated noise. When changing to a
product with a different part number, implement a system-evaluation test for the given product.
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1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
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"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.
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7. 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 systems manufactured by you.

8. 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.

9. 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
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It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
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11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. 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.

(Note 2) "“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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