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Description

The RAA270005KFP is a general-purpose Power Management IC (PMIC), and suitable for RENESAS
RH850/P1x series microcontroller (MCU). The features and the details of the PMIC are described in this
document.

The PMIC contains two types of DCDCs converters: buck and boost, two low dropout linear regulators
(LDO) and two linear trackers.

The switching frequency of boost/buck DCDCs are typical 420 kHz, 2.1 MHz respectively.

Monitor functions for the internal status are implemented. Input voltage, output of all regulators, and
internal analog voltage corresponding to temperature can be monitored through ADC of MCU. And
reference voltage can be monitored for testing the ADC of MCU as well.

The PMIC has sequencer circuits for controlling power-up/down, therefore any external sequencer
circuits are unnecessary. And the PMIC can control an external backup-power for MCU.

Features
e Supply the power to Renesas RH850/P1x (eVR)
e Load dump robustness
Input voltage range: 6.6~18.5V to perform specified characteristics.
5.4V~: continued operation without low voltage detection
3.8V~: continued operation declined the output voltage
* If not use the boost DCDC converter

e DCDC converter:
Boost: 6.0V/250mA (Input voltage: 2.2V~)
Buck: 6.1V/600mA
e Linear regulators:
1. Output voltage : 3.3V/10mA
2. Output voltage : 5.0V/350mA with reverse protection
e Two linear trackers
Output voltage: VOUT1/100mA with reverse protection
Automatic power sequence
An external backup-power control
Watchdog timer
Analog multiplexer
Interrupt request
Thermal shut down
Reset generator
External devices control
Monitoring to a core voltage in MCU.
Exposed die pad, HLQFP package, 40pin 9mm x 9mm

Application
e Automotive applications
¢ Industrial applications
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1. Abusolute maximum ratings

Item Comment Min Max unit
VINR, VINPDC Battery -0.3 28 Notes V
VIN3V S_upply power for internal 03 19 \%
circuits
VDDIO, VINPBS ﬁgpply power for PMIC, -0.3 6.5 v
VINP1, VINPTRQ Regulator input -0.3 19 \%
AGND1~3 Ground -0.3 0.3 \%
LX -1.0Neez  |\/INPDC+0.3 Noe6 |V
FBDC Feedback pin for DCDC -0.3 19 \%
BSGATE -0.3 VINPBS+0.3 Notes \%
ENIG -0.3 VINR+0.3 Note6 V
AMUXIN1/2 -0.3 VINR+0.3 Note4 V
VOUTO LDOO output -0.3 VINR+Q.3 Note4 Vv
VTRQ1/2 TRACK1/2 output -0.3 19 \Y
VOUT1 LDO1 output -0.3 6.5 \Y
MUXOUT, BUFREF -0.3 VOUT1+0.3 Noted \%
COREMON -0.3 6.5 \Y
BKCNT, CSGND, CSR -0.3 VIN3V+0,3 Notes \Y,
ERROR, WDI Digital input pins -0.3 6.5 \%
E:;II’SSEI;ICSB’ SPICLK, Digital input pins -0.3 VDDIO+0.3Note5 |y
FI\I)SI%NUT.I},/ZR’SS.I.F;SDO’ SUSP, Digital output pins -0.3 VDDIO+0.3 Note5 v
TEST1/2 -0.3 VIN3V+0.3 Notes \'%
Junction to ambient 20.2 Note?
Thermal resistance (Typical) Junction to case (Top) 33.3 Note? °C/W
Junction to case (Bottom) 1.03 Note?
Junction Temperature Not8 -40 150 °C
Storage Temperature Range -55 150 °C

Notes 1. Stress beyond those listed under Absolute Maximum Rating may cause permanent damage to

the device. Exposure to any Absolute Maximum Rating condition for extended periods may
affect device liability and lifetime.

. Must be 19V or lower.

. Not allowed to apply continuous voltage.
. Maximum voltage is 40V under load dump condition. (Duration time is 400ms.)

ONOUTAWN

Must be 6.5V or lower.

. Must be 28V or lower.
. Simulation value based on JEDEC-2S2P condition.
. The PMIC includes over temperature protection that is intended to protect the device during

momentary over load condition. Junction temperature will exceed the maximum operating
junction temperature when over temperature is achieved. Continuous operating above specified
maximum operating junction temperature may impair device reliability.

RO2DS0017EJ0100 Rev.1.00
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2. Pin Configuration
2.1. Pin Configuration

Pin configuration is shown in the below figure. The package is 40pin exposed die pad HLQFP.

EXCNT1
EXCNT2
VINPBS
CSGND
CSR
AGND3
BSGATE
TEST1
VIN3V
VOUTO

31
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Figure 2-1 Pin configuration (Top view)

COREMON
AGND2
INTOUT
VDDIO
SPISDO
SPICLK
SPICSB
SPISDI
RSTB

EN

R02DS0017EJ0100 Rev.1.00
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2.2. Pin list

The pin list table is shown below.
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3. Internal Block Diagram

The PMIC block diagram is shown in the below figure.

BUFREF
VINR

VOUTO

VIN3V
VDDIO

SPICSB
SPICLK

SPISDI
SPISDO

WDI

RSTB

ENIG
EN

SUSP
ERROR
BKCNT
EXCNT1
EXCNT2

TEST1
TEST2

]

VINPBS

BSGATE

CSR
CSGND

VINPDC

LX
FBDC

VINP1

VOUT1

] VINPTRQ

TVTRQ1

VTRQ2

1 COREMON

JINTOUT

BGR VREF
T+—— LDOO
0—> Internal
A power
SPI I/IF
r————ﬂrf
wDT TRACKL1
VDDIO
\4
o3 —
7;|_ Sequencer TRACK2 r
A —L
OSC Core voltage
Monitor [
Operation Thermal Interrupt
Control Shut-down Control —1
Analog
Multiplexer
A

MUXOUT

AMUXIN1
AMUXIN2

Figure 3-1 The PMIC block diagram
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The abstractive descriptions are here. Refer to each section for more details.

€ Boost DCDC
Boost DCDC is a switching regulator which boost up to 6.0V, and the frequency is 420 kHz.
¢ LDOO
LDOO is a low drop output regulator which generates 3.3V power. The output current ability is 20mA.
¢ LDO1
LDOl1 is a low drop output regulator which generates 5.0V power. The output current ability is 350mA.
¢ TRACK1
TRACKU1 is a voltage tracker. The output tracks a voltage applied on VOUTL1. The current ability is
100mA.
¢ TRACK2
TRACKU1 is a voltage tracker. The output tracks a voltage applied on VOUTL1. The current ability is
100mA.
€ Buck DCDC
Buck DCDC is a switching regulator which generates 6.1V, and the frequency is 2.1 MHz. The output
current ability is 600mA.
€ Band gap reference (BGR)
BGRs generate reference voltages for each regulator.
¢ VREF
VREF generates reference voltages for regulators. An external capacitor is necessary to reduce
noise of LDOL1.
€ Analog multiplexer
An analog multiplexer outputs internal analog voltage of the PMIC or external pins (AMUXIN1/2).
€ SPlinterface
SPI receives requests from MCU, or sends register setting.
€ Watch dog timer (WDT)
WDT monitors system operating, can be controlled by WDI pin or via SPI.
€ Sequencer
Sequencer controls power up/down of the regulators.
@ Operation control
Operation control for the PMIC and external pins.
€ Interrupt control
Interrupt operation control.
@ Oscillator
Oscillator for sequencer, buck DCDC and boost DCDC.
€ Thermal shutdown
Thermal shutdown monitors the temperature in the PMIC. If the internal temperature exceeds the
shutdown temperature, the PMIC goes to P/D sequence2.
€ Core voltage monitor
Core voltage monitor detects the under or over voltage of MCU’s core voltage.

R02DS0017EJ0100 Rev.1.00 Page 9 of 75
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4. PMIC Function

4.1. Abstract of the PMIC

In order to supply power to MCU or ASIC, the PMIC contains current mode DCDC converters (DCDC)
and two LDOs. The buck DCDC’s output is used for LDO1’s or trackers power source. When a battery
voltage is applied to the PMIC, the regulators rise up automatically in accordance with designated
sequence. And after all outputs of the regulators power up successfully, the “INTOUT” signal is released.
The PMIC also has a watchdog timer (WDT). When timer in the WDT expires, a reset signal is occurred.
The WDT is refreshed by a request via WDI pin or SPI.

When the junction temperature reaches over Tsd, a reset occurs and the all regulators except for LDOO
is forced to power down immediately

4.1.1. PMIC Operation
The principal operate transitions and conditions are illustrated in the below state diagram.

ENIG or EN is enables operation of the PMIC.

ENIG=1 & (VINR > Vrbu)

Tj<Trls
ENIG=0 & EN=0
(ENIG=0 & EN=0)
or VINR < Vdbu Stand-by
RSTB=L ENIG=0 & EN=0
Tj < Trls
\,
Self-dia@
ENIG or EN=1 Tj> Tsd

P/D sequence2

COREMON < Vdcol2 A
or

Tj> Tsd

P/U sequence Reset2

\ 4

ENIG=0 & EN=0

COREMON < Vdcol2
\ or T > Tsd P/D sequencel

Normal

RSTEH \,@

(ENIG=0 & EN=0) or
VOUT1 < Vd1I2

Figure 4-1 State diagram

R02DS0017EJ0100 Rev.1.00 Page 10 of 75
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€ Power down
In this state, no blocks in the PMIC operate.

€ Stand-by
In this state, the PMIC executes initial reset of internal registers and RSTB pin is asserted low. Only
LDOQO is activated by ENIG=1 operates in this state.

€ Self-diagnosis
Self-diagnostic automatically is started after stand-by state. In this state, over/low voltage detector
in the regulators, the temperature sensor and the internal logic circuit are checked.

€ P/U sequence
After executing self-diagnostic, this state is automatically entered. Even if one of regulators doesn’t
rise up, the PMIC stays in this state. After LDOL1 rise up, INTOUT is high and passed 14.5ms, a reset
is released.

4 Normal
After the reset is released, this state is automatically entered. The system monitor is started with
using the WD function. And also, the PMIC monitors the junction temperature and the output voltage
of VOUT1.

@ Resetlb
RSTB asserts low by setting low both ENIG and EN, or low voltage detection of VOUT1 immediately.

@ P/D sequencel
This state is automatically entered after “Reset 1” state. Buck DCDC and LDOL1 start to fall down in
designated order. The junction temperature is checked. If the junction temperature is higher than
Tsd, then the PMIC enters “Cool down” state. If lower than Trls, the PMIC enters back “Stand-by”
state.

@ Reset2
When the junction temperature comes over Tsd or the low voltage of core voltage is detected, the
reset is released.

€ P/D sequence?2
This state is automatically entered after “Reset2” state. Buck DCDC and LDO1 start to fall down in
designated order. When ENIG or EN is set to high, the PMIC goes to “Cool down” state. When ENIG
and EN are set to low, the PMIC goes to “Stand-by” state.

@ Cool down
The PMIC checks if the junction temperature is lower than Trls. If the junction temperature is higher
than Tsd, the PMIC waits until the junction temperature cools down. After the junction temperature
comes below Trls, the PMIC enters “Stand-by” state. When ENIG and EN are set to low, the PMIC
also goes to “Stand-by” state.

4.1.2. Pin setting
The PMIC has ENIG and EN pin to define PMIC operation. For proper operation, these pins should be
set to the appropriate level. The appropriate setting voltages are described in “6. Electrical Characteristics”

€ PMIC enabling

The PMIC enabling is set by ENIG or EN pin. And in the initial phase, the PMIC should be enabled on by
ENIG. ENIG pin can be connected to a battery voltage.

Table 4-1 PMIC operation setting

ENIG EN PMIC operation
0 0 PMIC disable
0 1 PMIC enable
1 0 PMIC enable
1 1 PMIC enable
R02DS0017EJ0100 Rev.1.00 Page 11 of 75
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4.1.3. Configuration register

In order to configure function of the PMIC, need to set in this register. Refer to each described section for

more setting information.

» Configuration register

The below registers are secured registers. Enter “key” code, before entering this request. (Refer to

section 4.2.3.)

B Address (CONF): 10H

A5 A4 A3 A2 Al A0
0 1 0 0 0 0
B Register
D7 D6 D5 D4 D3 D2 D1 DO
- - - RSTMD - RSTERR SPIWDT ADVWD
B Setting contents
Register name Control contents 1 Setting 0
RSTMD D4 | Reset mode L Pulse *
RSTERR D2 | Reset assertion by ERROR On Off *
SPIWDT D1 | Select WDT clear input channel SPI WDI *
ADVWD DO | Advanced mode for WD operating On Off *

* Default setting

Note: Advanced mode for WD is effective when SPI is selected to refresh WDT.

RSTMD: Reset mode select when a reset is occurred.

RSTERR: Reset control register by ERROR. After setting “On”, RSTB asserts low when ERROR

indicates error.
SPIWDT: select WDT clear input

ADVWD: This register can set to operate WDT in advanced mode. After setting “Enable”, WD

operates in advanced mode. Refer to section 4.8.3.

4.1.4. Product code
These bits identify the PMIC product code.

» Product code
B Address(CHIPID): O0H

Ab A4 A3 A2 Al A0
0 0 0 0 0 0
B Register (Read only)
D7 D6 D5 D4 D3 D2 D1 DO
1 0 0 0 0 0 1 0

R02DS0017EJ0100 Rev.1.00
Apr. 9, 2018 RENESAS
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4.2. Serial Interface
The PMIC includes serial to peripheral interface (SPI). Refer to each section for more detail contents,

» WNDT operation (If SPI control is selected)

» Control the monitor function

» Reset control, read reset factor, write reset clear/mask

> Interrupt control, read interrupt factor, write interrupt clear/mask
» Tracker control

» Change thermal detection

4.2.1. Signal format

The bit length of the communication is 16bits, and the signal format is illustrated in below figures.

The data should be transmitted as MSB first. For this SPI, one SPICSB active is for one request.
Therefore, SPICSB should be high after transmitted data.

scss mat

AV AV AVAVAVAVAVAVAVAVAVAVAVAVAY AN
spisor Y Yoo\ e Yoo Yo Yo Yoo Yo Yoo Yow Yoo Yoo Yor Yon Yoo J o ) s

spispo 12/ Hi-Z

Figure 4-2 SPI format (Write)

] aat
SV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA NS
s o oo o oo o Y ) o) e

spispo B2 (007 (owe (o Yoot ovo) e oo o) 7 J—te2—

Figure 4-3 SPI format (Read)

Caution: The entered data is latched by rising edge of SPICSB.
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¢ W/R
This bit indicates write or read register. To write register, bit W/R should be set 0. To read register,
bit W/R should be set 1. When read register, Do7-Do0 bits indicate contents. (D7-D0 bits are ignored
in the PMIC.)

¢ A5-A0
The PMIC contains several registers. The addresses are described in these bits. Every register can
be read to confirm its content.

4 D7-DO
These bits describe control bits of the PMIC to write into the PMIC.

@ Do7-Do0
These bits describe content bits or flag bits to read from the PMIC. SPISDO pin keeps Hi-z during
transmitting “W/R” bit and address bits, A5-AQ. The parity bit of read data is calculated with “W/R”
bit and all address bits as 1.

®P
This bit indicates a parity bit calculated based on the number of logic contained in bits excepting
parity bit itself.

Bit P has to be set 0 if the number of 1 is odd.
Bit P has to be set 1 if the number of 1 is even.

Note: If interrupt factors of the target address occurs during the interrupt factor reading, the parity bit
might not be set correctly.

4.2.2. Ensuring communication
To ensure the communication between the PMIC and MCU, the PMIC observes the SPI signal of following
accesses. If any violation, The PMIC ignores this command or request.

» Number of SPICLK
The PMIC counts SPICLK clocks while SPICSB is low. If the number of clock is not 16, that
communication is considered as an error. The PMIC ignores this command or request.

» Undefined address
When undefined address is transmitted, the PMIC ignores this address’ contents.

> Parity bit
The SPI format includes a parity bit. The PMIC monitors the parity bit and if transmitted bits are not
based on the parity bit, this communication is considered as an error. The PMIC ignores this
command or request.

R02DS0017EJ0100 Rev.1.00 Page 14 of 75
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4.2.3. Secured request

A MCU read PRTCT register to get key and write it back to PRTCT register before modifying those
secured registers, instead of writing the key to those secured registers. Without the key code, the request
is ignored.

» Pin setting (Address: 02H)

» Interrupt mask register (Address: 0CH~0FH)

» Configuration register (Address: 10H)

» Reset mask register (Address: 14H)

» Window time setting for WDT (Address: 17H)

» Tracker register (Address: 1AH)

» Buck DCDC protection setting (Address: 1BH)

» Software reset (Address: 1DH)

» Temperature setting for the thermal shut down (Address: 1EH)
» Boost DCDC protection setting (Address: 1FH)

RSTB__|

SPICSB I | Write same value | I_I I_I

=~
SPISDI____X___PRTCT (Read) XX prrct X rowikey X X ade. X Daa X )

SPISDO RDMKEY i
Read Keycode

4.2.4. Register
The contents of SPI setting are described in this section.

Figure 4-4 Key code unlock

» Protect deactivate key code
B Address (PRTCT): 11H

A5 A4 A3 A2 Al A0
0 1 0 0 0 1
B Register
Before the access secured registers, need to obtain the below random code by read mode.

Do7 | Do6 | Do5 | Do4 | Do3 | Do2 | Dol | DoO
RDMKEY (Do7:D00)

eed to enter the obtained data before MCU enters request.

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RDMKEY (D7:D0)

pd

B Setting contents
e RDMO (Do7:Do0): Random code from the PMIC
e RDMI (D7:D0): Copy and sent RDMO (Do7:Do0)
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4.2.5. Register map

The registers which can be set in the PMIC are summarized in below table with its address and data. The

detail contents are described in each section. Hexadecimal number is written as xxH.

1013U02 DADA LS00 | 91Sy [¢) HTY 1NOSH <0:T>S83aNILd <O:T>SEINILNI M | 13ssd H4T
ainyesadwal uMopINys fewsdyl | 00L3d O Hv6 <0:T>13QUVM <0 T>13YHL <0:T>13HAVM M | dWLIN3S H3T
19581 a1emyos | 41sy O - <0:L>ATINGY M | 1sylds HaT
apow pasueApe QM 10} 19sal Jo JaqunN | gLSH H4d <0:/>VAL3S M | VALSH HOT
@0 40} [013U0d HWIT | O0L3A [e) HY0 <0:T>3NILA <0:T>TNILNI M | WMoa HET
[013U02 JO/UO Z/THOVHL | dLSH o HOO [ LNOTOYIA | LNOZOMIA JISATONEL M [ INOOYHL HVT
apow padueApe QM Joj 8nfeA palenwnddy | 91Sy HoO <0:/>VADOV o VYAIVO H6T
jonuod dwexniy [ g1Sy HoO <0:€>713SX NN LNOXNN M/ | LNOXNIN H8T
Bumes swi mopum M | 91SH [e) HTO <0:T>INILAM _ <0:T>13ISMO MY | INLAM H.T
opow padsuerpe M | 91SYH Hux <0:5>0dNS <0:7>3d0 MY | odLam HIT
Buimas Joyuow Joud pue INOX3 | 9LSYH HO0O EldEE] 1a13s <0:T>ZLNOX3a M/ | L3ASNId HST
sew Jojoe} j1osay | 4LSYH O HOoO SNSAMMSN | dXIAMISIN | JNLASIMSIN AQVAOMSIN M/ | SINFLSYH HYT
Jea|d J0joe} 19say | ALSYH - TOQIATID | SNSAMTID | dX3IAMTO | dALASLID | FHOOATIO | AQVAOTD | ¥¥3dLIS1O M | 1041SY HET
lojoe} 19say | O0L3A HOO TOQIA1 SNSAM dX3am dNLASL JHOOAT AQVAO ¥yd3dLs o ov4Lsy HZT
9pod anowal J0dj0ld | ELSYH Hax <0:L>ATMNGY M | 1014d HTT
J2)sifa1 uoneinByuod | 00L3A (o] HOO aMAaY L1amids dy3Lsy anlsy M 4NOD HOT
¥ isew dnusil | 91SH (@] HOO | GLSHUMSA [ LNOMEGAMSIN | dSNSAMSIN [TLNOXIAMSIN|ZLNOXIINSN M/ | PISIALNI H40
€ ssew ydnual [ 91SYy (@] HOO | DOOQMSN | dNLIMMSIN | J43UMSIN OSOASYSA | VLSASMSA M/ | EXSIALNI H30
Zsew dnue | gLSH O HO00 NOAMSI NTYMSW NTOUINSN | NZOYIMSA | TNOOMSW | zZnoodisw M/ | ZASIALNI Hao
T ysew dnusi | 918y O HOO TOAMSW TSN ITOUINSA | 12OHINSN DOSENSA | DOTOULIMSIN | DOZOUIMSN | M | TMSIALNI HO0
¥ tes|d idnuew | 91sy - g1S¥d10 | LNOMEdTO | dSNSd10 | TLNOX3d1O | ZLNOX3d1D M ¥IOLNI Hga0
€ feajo idnuew | 91S4 - 200010 dNLEMTO 43410 Mg1va1o 0S0ds10 | V.LSAas1o dnXga10 3QONMETO | M €10LNI Hv0
Z fesjo idnusw | d1SH - noalio nt10 NTO¥LID NzdYL1D TNOJ10 [4glele}fe) M ZTOLNI H60
T fesjo dnusw | d1SH - 10010 11710 TTOUL1D 120d1L10 700710 20S810 00TOHLTO | 0020HLTD | M TTOLNI H80
¥ 1senbai dnusiul [ 0oL3q HO0O a1Sdd LNOMgd dsnsd TLNOX3d ZLNOX3d ANNNQ d OIYLNI H.0
€ 1senbai dnusiul [ 00L3q HOO | 2o0o2aL3a dNLEM 43¥13a Malve 0S0ds v1Sas dnxaas Elee/INE] d €OIULNI H90
¢z 1senbay dnusiul [ 00L3q HOoO noaiaa nTL3a NIOYLIIA | Nzd¥LlLaa | Tnool3a ZnooL3a d | 2O34INI HS0
T isenbai ydnusiul [ 00L3A HO0O 710aL3a Jt13d J1dYL13a | 1zdyllaa Jo0o13a 00S413a [ 00t1dYLLIA [ dozdYLLIaA| o TOIYINI HY0
10308} dnusiul | 00L3A HO0O THLNI ZHLNI SYLNI PHLNI AaS.LNI O4SHLNI o OV4INI HED
suid indino [eybip 1o} peay / 18S | 9LSYH O HZO | LNOMEL3S | dSNSL3S | TLNOX3L3S | ZLNOX3L3S -— MY | NIddLl3s Hz0
aidud Hz8 <0:/>QAldIHO o aldiHO HOO
uonoung Ag painoss | [eniu| od 1a za €a ¥a sa 9od Ld M SWEN ssaippy
. 1959y o 1315169y

Note: The initial value of PRTCT, WDTRG are undefined value.
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4.2.6. Electrical characteristics

Parameter Symbol Conditions MIN TYP MAX | Unit
SPICLK delay tdck From SPICSB{ 400 - - ns
SPICLK period tcyc 800 - - ns
H period of SPICLK thigh 320 - - ns
L period of SPICLK tlow 320 - - ns
Command set-up tcmsu | From last SPICLK T 400 - - ns
Data set-up tsu Before SPICLK T 100 - - ns
Data hold thd | After SPICLK T 100 - - ns
Data access time tacc From SPICLK { - - 50 ns
Read data Hi-Z time thiz - - 50 ns
Data active delay tact After SPICSB | - - 50 ns
H width of SPICSB twidth 2800 - - ns
SPICSB 5( \ \
tdck —>| | tcyc >| temsu —>
SPICLK _\
N
tsu thd —> tlow

A

all

Hi-Z

€«—twidt

)

hiz

SPISDI
> |
spispo 2 \ \
Figure 4-5 SPI write timing
SPICS \ \
<«<—thiah
SPICLK
—> acc
SPISD \ X
Y

Figure 4-6 SPI read timing
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4.3. Reference Voltage

Below figure shows simplified reference voltage generator block.

BGR3
> VREF1
(Reference voltage for DCDC)
(Reference voltage for LDO1, DCDC monitoring)

DETOO é

Internal circuit reset

Reference for LDO1

ENIG
EN -+ BUFREF

____________ 0.1uF
! 1

! 1

| BGR2 [

i !

! |

/| BGR1 [ > VREFO

| ' (Reference voltage for LDOO)
“““““““ (Reference voltage for LDOO monitoring)

A4

Power control for LDOO

Figure 4-7 REF block diagram

There are three Band Gap Reference (BGR) circuits in the PMIC. In Figure 4-7, if BGR1 or BGR2 has
damage, the PMIC does not power up. If BGR3 suffers damage, LDOO powers up and Buck DCDC and
LDO1 does not power up.

BUFREF is the reference voltage for LDO1. In order to apply “clear” supply for ADC in MCU, 0.1uF
capacitor is recommended to connect to ground.

4.3.1. Electrical characteristics

Co=0.1pF (ESR=0~0.1Q)

Parameter Symbol Conditions MIN TYP MAX Unit
BUFREF output voltage VBUF BUREF 1.176 | 1.200 | 1.224 V
R02DS0017EJ0100 Rev.1.00 Page 18 of 75
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4.4. LDO

The PMIC includes two LDOs. Each LDO requires a ceramic capacitor on its output. The gain stage of
LDOLl is operated with 3.3V generated by LDOO. And LDOL input of power stage has to be connected to
the buck DCDC'’s output. These LDOs have a protection circuit with fold back characteristics (Refer to

section 4.4.1).

¢ LDOO

The LDOO output should be used as power supply for
internal circuit of the PMIC. The typical output voltage is
3.3V. The LDOO output contains an output voltage
detector.

When the over voltage is detected, the power line switch
for internal circuit of the PMIC cut off supply power. Or
when the low voltage is detected, The PMIC makes reset
and initializes internal register. The detect voltages are
described in section 4.12.4.

¢ LDO1

The LDO1 output should be used as power supply for
MCU. The typical output voltage is 5.0V.

The LDOL1 includes an output voltage detector. If the
output voltage comes across the over voltage, a flag is
set into register and INTOUT asserts low. When
DETI1L1 is detected, SUSP is asserted as the warning.
And when DET1L?2 is detected, RSTB is asserted. The
detect voltages are described in section 4.12.4.

VINR
VREFO ——
+
Current limit
1.
DETOU
Voltage
DET00O detector
DETOL

Figure 4-8 LDOO block diagram

VOUTO

L
1uF

7

H] GND

VINP1
BUFREF B_{
V\
Reverse
protect
VOUT1
p
-*————[]——1
Current limit % _lOHF
DET1U <« Voltage . .
DETILL < detec?or frimming
DET1L2 <« GND
SUSP

Figure 4-9 LDOL1 block diagram
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4.4.1. Output protection function

All LDOs have a current limit function. Fold-back characteristic is illustrated in Figure 4-10.

In this figure, “lo” is a guaranteed current which maintains the specified output voltage. For more than “lo”
current, the more output current flows, the lower output voltage goes down with decreasing output current

)

Increasing current

Output voltage
A

f > Output
Short current lo current

Figure 4-10 Fold-back characteristic

4.4.2. Electrical characteristics
Characteristics noted under conditions GND=0V, unless otherwise noted. The TYP condition is Ta=25°C.

4 LDOO
C0=1.0pF (ESR=0~0.1Q)
Parameter Symbol Conditions MIN TYP MAX Unit
Output voltage Vo0 10=0~10mA (DC) 3.20 3.30 3.40 V
Short current IsO Vo=0V - - 20 mA
Note: “(DC)” means not to include AC factor like transient response.
¢ LDO1
C1=10pF (ESR=0~0.1Q), VDC~VINP1 connected
Parameter Symbol Conditions MIN TYP MAX Unit
VINPDC>5.75V,
Outpt voltage Voll l0=0~350mA (DC) 490 | 5.00 5.10 Y
Vol2* | VINPDC=5.4V, 10=300mA (DC) | 4.75 - - V
Vol3* | VINPDC=3.8V, 1o=300mA (DC) 3.20 - - \Y
Short current Is1 Vo=0V - - 100 mA

Note: “(DC)” means not to include AC factor like transient response.
*. Guaranteed by Design Engineering
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4.5. Tracker

The PMIC includes two trackers. Each tracker needs a ceramic capacitor on its output. The buffer on the
tracker is operated by 3.3V generated at the LDOO. And each input of power stage has to be connected
to buck DCDC'’s output. Set VTRQLCNT1 or VTRQ2CNT to 1 to activate the trackers.

¢ TRACK1

TRACKL1 is an auxiliary power rail. This output
voltage follows to VOUTL1. The power up control is set
via SPI. This tracker has high voltage protect function
to prevent reverse current from the output. When the
output touch high voltage like battery, this circuit
stops reverse current toward the PMIC. TRACK1 has
a voltage/current detector which assert INTOUT to
low, if the over/low voltage or over current is detected.
The detect voltages are described in section 4.12.4.

€ TRACK2

TRACK2 is an auxiliary power rail. This output
voltage follows to VOUTL1. The power up control is
set via SPI. This tracker has high voltage protect
function to prevent reverse current from the output.
When the output touch high voltage like battery, this
circuit stops reverse current toward the PMIC.
TRACK2 has a voltage/current detector which assert
INTOUT to low, if the over/low voltage or over current
is detected. The detect voltages are described in
section 4.12.4.

Caution:

VOUT1 —|—
+

High voltage
protection
— ¢
DETTRQ1OC |« Current
detector
1
DETTRQ1U <+ Voltage

DETTRQIL <

detector

VINPTRQ

GND

Figure 4-11 TRACK1 block diagram

VOUT1 —|—
+

High voltage
protection

l—II

Current
detector

DETTRQ20C |«

;

T,

DETTRQ2U <—
DETTRQ2L <

Voltage

detector

VINPTRQ

VTRQ2

2.2uF

&

GND

Figure 4-12 TRACK2 block diagram

If over current or low voltage is detected, the tracker is suspended for the protection. The VTRQ1CNT or
VTRQ2CNT register set 0 once, and then set 1 to reboot the tracker.
Not allow to add over 20uF in addition to 2.2uF in Figure 4-11 and Figure 4-12.
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4.5.1. Register
The content of TRACK1/2 setting controls output and changes low voltage detection.

» TRACK1/2 setting
The below registers are secured registers. Enter “key” code, before entering this request. (Refer to
section 4.2.3.)

B Address (TRQCNT): 1AH

A5 A4 A3 A2 Al A0
0 1 1 0 1 0
B Register
D7 D6 D5 D4 D3 | D2 D1 DO
- - - TRQLVSEL - - VTRQ2CNT | VTRQICNT
B Setting contents
Register name Control contents 1 Setting 0
TROLVSEL | D4 #‘;{V)’\é‘:('tl"’;ge detection on 92.5% 48.6% *
VTRQ2CNT D1 | TRACK2 On/Off On Off *
VTRQICNT DO | TRACK1 On/Off On Off *

* Default setting
Note: Set TRQLSEL before start-up. TRQLVSEL changes both TRACK1 and TRACK2 low voltage
detection.

4.5.2. Electrical characteristics
Characteristics noted under conditions GND=0V, unless otherwise noted. The TYP condition is Ta=25°C.

¢ TRACK1
CTRQ1=2.2uF (ESR=0~0.1Q)

Parameter Symbol Conditions MIN | TYP | MAX | Unit
Matching output error dVTR1 | VTRQ1-VOUT1 -20 - 20 mV
Output current lotrll 100 - - mA
Power on time Trirgl * | 90% output - 1.8 2.4 ms

*. Guaranteed by Design Engineering
¢ TRACK2
CTRQ2=2.2uF (ESR=0~0.1Q)

Parameter Symbol Conditions MIN TYP MAX Unit
Matching output error dVTR2 VTRQ2-VOUT1 -10 - 10 mV
Output current lotr2 100 - - mA
Power on time Trtrg2 * 90% output - 1.8 2.4 ms

*. Guaranteed by Design Engineering
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4.6. DCDC converter (DCDC)

The PMIC includes two types of DCDCs: buck and boost. The internal high-side PMOS power stage is
implemented in the buck DCDC. The buck DCDC requires some external device in Figure 4-13. The
boost DCDC operates down to 2.2V battery voltage (VBAT) by configuration in Figure 4-16 and that
output connects to the input of the buck DCDC. The buck DCDC has output monitoring which protect the
DCDC output and the over-current by a detector monitoring the over and low voltage.

4.6.1. Buck DCDC

The buck DCDC operates with current mode control and is supposed to supply power as intermediate
power supply. LDO1 and trackers input should be connected to the buck DCDC'’s output. The buck DCDC
includes an output voltage detector. If the output voltage comes across over or low voltage, the flag is set
into register and INTOUT signal is occurred. The detect voltage is described in section 4.12.4.

T H] VINPDC

VREF1 Detector —> DETDCU QOver current
—> DETDCL + protect _l

FBDC

3 3
R Q[ *P—o—{
4.7uH
CHDR 3666‘ —>
J_ SLOPE Lx IVDC
;/; PWM OSC ;

[ 1
L1

]
<XO

4.7uF x2

2.1MHz

Trimming

%

Figure 4-13 Buck DCDC block diagram

€ Buck DCDC output protect function
The buck DCDC monitors the output current and output voltage. In the case that over voltage is detected
on the buck DCDC, the PMIC stops the buck DCDC'’s switching. When over current or low voltage are
detected with taking over detection time, then the buck DCDC enters the interval operation. The detection
time of over current and the interval time of resuming can be set via SPI.
Before the buck DCDC'’s operation comes into the protect mode, INTOUT is asserted low. The operation
timing is shown in Figure 4-14 and Figure 4-15.

Detect over voltage
Output voltage Release voltage

1
Stop switching Resume |
1
\
AN AR
1
Detect - Y
Over voltage detection _
(Internal signal) T Clear interrupt

INTOUT X

Figure 4-14 Buck DCDC protect function behavior 1
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. Over-current or
Output condition Normal low voltage Normal
1 1
v !
1
Over-current or Detect :
Low voltage detection '
1 ! 1
(DETDCL) <! Detection time !
Normal ' Normal
vDC v \
operation

1
1
operation i
1
1
1
1

Interval operation

e 1 o T

'L 1 1
—>1 1€ 122ps > € Clear interrupt

INTOUT Interval time : —————

Figure 4-15 Buck DCDC protect function behavior 2

4.6.2. Boost DCDC

The PMIC operates without a reset signal until the input voltage (VBAT) is down to Vdbu. The boost
DCDC should be operated in the lower VBAT voltage to maintain the PMIC function. Some external
devices shown in Figure 4-16 is required for the boost operation. The output of the boost DCDC (VBS) is
connected to the input of the buck DCDC (VINPDC) or LDOO (VINR) and BSCNT is set to 1. the boost
DCDC is activated when the VBAT is lower after starting up the PMIC.

VOUT1
VBAT
VREFL ™ VINPBS
VINR
0_o- LI
Switch for stand by current
VBS
Pre-driver BSGATE r)
+ DRV -
R Q ;77|'
S -~ F
SLOPE 7;7
A7uF
A PWM Over current
Trimming E
;1; 420 kHz protect CSGND 47mQ
CSAMP

Figure 4-16 Boost DCDC block diagram
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The timing chart in the boost operation is shown in Figure 4-17.
The VBAT is same voltage to the VINR in the normal. The boost DCDC is enabled when the VINR voltage
is lower than VoDC2. The VBAT returns to the normal, then the boost DCDC is suspended.

VBAT \

VBS
(VINR)

VoDC2 —
VINPBS —

|

BSGATE

Figure 4-17 Timing chart (boost DCDC)

€ Boost DCDC output protect function
The boost DCDC stops the switching when over current is detected though a resister both CSR and
CSGND, moves the interval operation. The PMIC goes to the power down state and stops the buck DCDC
and LDO1 if VBS(VINR) is under Vdbu after over current detecting.
The detection time of over current and the interval time of resuming can be set via SPI.
Before the boost DCDC'’s operation comes into the protect mode, INTOUT is asserted low. The operation
timing is shown in Figure 4-18.

Output condition Normal Over current Normal

> Detection time

1
1
L Normal
v

VBS Normal i
operation i ! ' operation
1 & A
.\ Interval operation ’i
1
1o A A EEEA
i N
€ 2408 > Clear interrupt
Interval time [——==-
INTOUT I

Figure 4-18 boost DCDC protect function behavior
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4.6.3. Register

The contents of protect function setting are described here.

» Buck DCDC protection mode setting
The below registers are secured registers. Enter “key” code, before entering this request. (Refer to

section 4.2.3.)

B Address(DCLIM): 1BH

A5 A4 A3 A2 Al A0
0 1 1 0 1 1

B Register
D7 D6 D5 D4 D3 | D2 D1 | DO
- - - - INTIME (1:0) DTIME (1:0)

B Setting contents
Interval time and over current detection time for the buck DCDC

Ig;“ar o (lbg) Interval time BIIME (1[')08 Detection time
0 0 15.6ms 0 0 122us *
0 1 31.2ms * 0 1 122ps
1 0 124.9ms 1 0 610us
1 1 249.9ms 1 1 1098|JS

* Default setting
Note: INTOUT is low in 122us regardless of DTIME.

» Boost DCDC protection mode setting
The below registers are secured registers. Enter “key” code, before entering this request. (Refer to

section 4.2.3.)

B Address(BSSET): 1FH

* Default setting

A5 A4 A3 A2 Al A0
0 1 1 1 1 1
B Reqgister
D7 | D6 D5 | D4 D3 D2 D1 DO
INTIMEBS (1:0) | DTIMEBS (1:0) - - - BSCNT

B Setting contents

Interval time and over current detection time for the boost DCDC

INTIMEBS (1:0) . DTIMEBS (1:0) o
D7 D6 Interval time D5 Y Detection time
0 0 4.8us 0 0 2.4us*
0 1 11.9us * 0 1 2.4pus
1 0 312.1ms 1 0 11.9ps
1 1 624.2ms 1 1 2440us
* Default setting * Default setting
Register name Control contents 1 Setting 0
BSCNT | DO | Boost DCDC enable Enable * Disable

* Default setting

Note: INTOUT is low in 2.4ps regardless of DTIMEBS.
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4.6.4. Electrical characteristics
Characteristics noted under conditions GND=0V, unless otherwise noted. The TYP condition is Ta=25°C.

€ Buck DCDC
Co=4.7uF x2 (ESR=0.0~0.1Q), L=4.7uH
Parameter Symbol Conditions MIN TYP MAX Unit
Output voltage VoDC1 | 10=0~600mA (DC) 5.90 6.10 6.30 V
OSC frequency Foscl 1890 2100 2310 kHz

Note: “(DC)” means not to include AC factor like transient response.

€ Boost DCDC
Co=47yF (electrolytic capacitor, ESR=0.01~6Q) + 1.0uF (ESR=0.0~0.1Q), L=10uH

Parameter Symbol Conditions MIN TYP MAX Unit
VBAT=2.2V,
Output voltage VoDC2 l0=0~250mA(DC) 5.70 6.00 6.40 \%
OSC frequency Fosc2 378 420 462 kHz

Note: “(DC)” means not to include AC factor like transient response.
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4.7. Power Rail Sequence

When the battery voltage is applied to the PMIC, the LDOO rises up first. After the LDOO rises up, the
buck DCDC and LDOL1 are powered up in the sequence automatically. After LDO1 rises up, reset signal
is released.

4.7.1. Power up sequence

After the PMIC is applied supply voltage, the buck DCDC(VDC) and VOUT1 rise up automatically. If a
back-up supply is connected, the PMIC powers up the back-up supply once to detect it after self-diagnosis.
The rise up timing of VOUT1, INTOUT and RSTB are suitable for RENESAS RH850/P1x.

€ Power up with ENIG
While the supply voltage is applied, the PMIC can be controlled by ENIG pin. After ENIG is entered, the
self-diagnosis is executed. The buck DCDC and LDOL1 are controlled by the internal sequencer. After
VOUTL1 rises up, the interrupt signal is released. Further 14.5ms passes, the reset signal is released as
well. INTOUT is asserted high even if a core voltage (VCL) in MCU is not activated. The PMIC keep the
operation by asserted EN high from MCU, if ENIG is low.

ENIGAI \_

1
EN .
|
VOUTO | 5 I
ms 1
2.7ms
vDC : %{‘vml s , ,
Do, Sy e
o e, 1
VOUT1 Backup diagnosis S T L vrli
5
>
v 3ms
COREMON / !
|
INTOUT l ,
14.5ms !
1 1
RSTB l

Figure 4-19 Power up timing (with ENIG setting)
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€ Power up without ENIG
When ENIG are connected to the supply voltage and the supply voltage comes up, the power up
sequence starts automatically. The power up sequence behavior is same as using ENIG. INTOUT is
asserted high even if a core voltage (VCL) in MCU is not activated.

VINR
VINPDC Vrbu

VOUTO ‘
1 3ms_1 1 2ms

1 2.7ms ! ! !
vDC : : /,"Vrdl o
T e3oms e
VOUT1 Backup diagnosis | ., i = vril
!
>
3ms :
COREMON / :
INTOUT / .
I 145ms !
K ’I
RSTB [

Figure 4-20 Power up timing (Supply power coming up)

4.7.2. Power down sequence

When the PMIC powers down, all regulators fall down automatically. The difference of fall down time
between each regulator is suitable for RENESAS RH850/P1x.

The PMIC is not re-activated without the low voltage detection (Vd1I2) in the LDO1 after the power down
sequence.

€ Power down with ENIG
When the PMIC is stopped operating by ENIG, the power down sequence is started by asserted ENIG
and EN low. After INTOUT and RSTB is low, the LDOL1 or the buck DCDC is powered down. The LDOO
is powered down after VOUT1 detects Vd1I2.

ENIG=0 \
and EN=0 :
VOUTO LN
100ps — »(—‘—
VDC L TN
50pus —>»  j«—/
VOUT1 e
-
COREMON o \\\\\
e
| 100us
INTOUT ' ‘
_)'f «—
RSTB \ 100us
Figure 4-21 Power down timing (with ENIG/EN setting)
R02DS0017EJ0100 Rev.1.00 Page 29 of 75

Apr. 9, 2018 RENESAS



RAA270005KFP

& Power down without ENIG, EN
The output behavior in low supply voltage is shown in the below figure. Even though the supply voltage
of the PMIC goes down lower than the output voltage of the buck DCDC, regulators can generate the
output voltage. But the output voltage becomes to be almost same as the supply voltage.
When the supply voltage falls down and VOUT1 goes across Vd1l1, the PMIC asserts that INTOUT is

low. Further the supply voltage goes across Vdbu or VOUT1 goes across Vd1I2, the PMIC asserts that
RSTB is low.

VINR vdbu
VINPDC
l"‘\
14
VOUTO 1 \\\\‘
1 AYY
VDC h
I

1

VouT1L / L S~
1
1

COREMON

INTOUT \ \

p
RSTB \

Figure 4-22 Power down timing (Supply voltage falling down)

€ Power down by low voltage of VOUT1

When VOUT1 goes across Vd1I2, the PMIC asserts that RSTB is low and moves to the power down
sequence. The PMIC turns off the LDO1 and the buck DCDC.

VDC

Wy 50us
VOUT1 TERVITY:
1

COREMON '
\

9 b
INTOUT \ Lo
RSTB L‘
Figure 4-23 Power down timing (VOUT1 low voltage detection)
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4.7.3. Working with a backup-power
If the buck DCDC or LDO1 is in unusual operation, the backup is powered up.

€ Buck DCDC unusual operation
When the buck DCDC detects over, low voltage or over current, the backup-power is risen up instead of
the LDO1 if the PMIC is connected with the backup-power. If no back up, the LDOL is risen up. Even
DCDC goes back to the normal operation, the backup-power is operated until the operation mode is the
stand-by.

ENIG l

e S A Vada

VvDC © 27ms | | !

1 ! h
BKCNT [ ‘ '/
—>

VDC over voltage

VOUTL [ <
(Back up) Back up diagnosis :l::' Ir ! vrll
! Core voltage risen up
COREMON /
1
1
INTOUT | . Lo

o 145ms

RSTB I

Figure 4-24 Power up timing (Backup-power)1

€ LDO1 low voltage
If the low voltage is detected on LDO1 during the PMIC starting up, the backup-power is risen up and
LDOLl is suspended. The backup-power is operated until the operation mode is the stand-by.

l

BKCNT
'€ >< > «— External backup-power risen u
| FIIEE J,,.?:.Qms i 3ms”! e P
VOUT1 Back up diagnosis i <.\./.r.1'f I .;: vril
1 Core voltage risen up
COREMON /
|
INTOUT Lo
o 14.5ms \
RSTB I
Figure 4-25 Power up timing (Backup-power)2
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€ Backup-power power down
The backup-power executes power down sequence.

ENIG=0 \"
and EN=0

VOUTO : '\\‘\

T 1 , 1
| | ! !
vDC Lo \
BKCNT Lo \ !
1 1 !
50us —> E(—,'
VOUT1 FT N a1
(Backup-power) .
COREMON \\\\\\
—> <=
INTOUT T \ 100ps
1
ﬁ: F
RSTB \ 100us
Figure 4-26 Power down timing (Back up suppy)
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4.8. Watchdog Timer (WDT)

The watchdog (WD) timer can be used for monitoring the system health to prevent a runaway operation.
In order to refresh WD timer (WDT), a trigger via SPI or on WDI pin is required.

4.8.1. Window WDT

The window WDT is implemented in the PMIC. A trigger is required to start the WD operation during first
window (FW) in “Normal” state. If the trigger is not executed, a reset pulse is occurred and the PMIC
waits for a FW trigger again. After WD starts operating in “System monitor” state, a trigger should not be
executed during Close Window (CW). A trigger should be executed to refresh the timer during Open
window (OW). If the refreshing is not executed within designated time in OW, a reset pulse occurs. While
the WDT is operating and when SUSP is asserted, the WDT stops its operating. And when SUSP is
released, then the WDT resumes FW in “Normal” state.

The CW time and the OW time are programmed via SPI.

4.8.2. WDT operation
The detail WD operation is described in this section. In order to clear the timer, toggling on WDI or SPl is
required.

€ Operation in normal
The below figure shows the normal operation of WDT when the trigger from WDI pin or SPI is entered
within designated time. The certified point as a trigger is the both edge of WDI or rising edge of SPICSB.
In SPI mode, the parity bit should be set to the correct data to be checked by the PMIC even though any
data can be written into WD trigger address(WDTRG).

:1 < Tfw o Tew \:1 < Tow N
I ’I‘ TN ’I
! 1 ! 1
| Reguest to start | Request to refresh |
' (FW Trigger) |
WDI !
! 1 1
1
Internal : ﬂ n
trigger | | |
RSTB

(&) WDT timing in WDI mode

< Tfw Tew

&
<

1< Tow,
1 A
Y 71
! 1
1

I

1

Y

1
I< 1
! Request to start 1
' (FW Trigger) 1  Request to refresh Certified point

= \ :
PesE I B ':_ SPICSB I

h 1
spispl Yoo X ooz X Yworme X onra X Nwores Xowe X (0 T —

1

1

! Sel tSPId\‘ rl
Internal ! elec moce I-I

1

1

trigger

RSTB J

(b) WDT timing in SPI mode
Figure 4-27 WDT normal operation
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€ Behaviors in unusual operation
A reset is occurred when the trigger in CW or when the OW timer expires.

(1) No trigger in FW
When the trigger is not entered in FW, a reset is occurred. After that, if no triggers are entered, a
reset is occurred frequently on the periodic interval. If RSTMD register is set to 1, RSTB maintains
low (the reset is low after the PMIC’s restart through stand-by state in the PMIC.).

1 Tiw ol Ly Tfw !
——— - D v DG S
Trigger E No trigger E r i
(Internal) ! o :
! Twrstb :(—): !
rst | [ LI
RSTMD=1

Figure 4-28 No trigger in FW

(2) A triggerin CW
When the trigger is entered in CW, a reset is occurred. RSTMD is set to 0, INTOUT asserts low.
WDSUS in the reset factor register is set to 1. RSTMD is set to 1, RSTB maintains low (the reset
is low after the PMIC’s restart through stand-by state in the PMIC.).

i( < Tfw >§< < Tew >§ E < Tfw ;E
: : ! r=--
INTouT__| ! I ' =
! \ 1 1 !
1 I |
Trigger | I-I :
(Internal) | ; i | |
: Trigger in CW i(_): Twrstb
csts_ | I A
RSTMD=1

Figure 4-29 Trigger in CW

(3) No trigger in OW
When the trigger is not entered in OW, the timer is expired and a reset is asserted. RSTMD is set
0, WD is restarted from FW after the reset is released. INTOUT asserts low. WDEXP in the reset
factor register is setto 1. RSTMD is set to 1, RSTB maintains low (the reset is low after the PMIC’s
restart through stand-by state in the PMIC.).

|

e e

Tew ' Tow i

INTOUT___]

Request to start

|
1
Trigger |
(Internal) .
Twrsth <>
1
RSTB I |_ -
RSTMD=1
Figure 4-30 No trigger in OW
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€ WD operation suspend
When the output voltage on VOUT1 comes down and SUSP asserts low, then WD stops its operation.
And SUSP is changed to high, WD resumes the operation form FW.

: < Tfw 1

>

| :

SusP | | |

|jm—————- Clearinterrupty _ _ _ _ _ _ _ -
INTOUT | . i
Trigger rl

(Internal)

Figure 4-31 WD operation suspend
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4.8.3. Advanced mode

Advanced mode WDT is MCU and the PMIC are monitoring each other operation. Set the configuration
register (CONF) to “Advanced mode”. The “Advanced mode” is enable in the case of setting to SPI in
SPIWDT.

After WD operation starts, MCU should obtain a “Question” to send an “Answer” to the PMIC. (QA
monitoring) The “Question” contains operand and objective data. The MCU should send a request to
refresh WD timer with data of the “Answer”. The “Answer” is in accordance with the operand in the
previous “question”. The PMIC refreshes the WD timer, gives a point for the “Answer”, and accumulates
the points to evaluation register. When the accumulated point reaches the designated value, a reset is
occurred. The PMIC accepts the other SPI communication form the MCU between “Question” and
“‘Answer”.

If “Advanced mode” is not selected, only refreshing the WD timer is executed. It is possible to change to
“Advanced mode” in CW, a reset is occurred if the changing the mode is executed in OW.

RSTB_I Set “SPI WDT mode”, “Advanced mode” |

spicsB | [ 1 [ [ 1] [1 |

SPISDI X Add.XData X:X AddLData )Cx Add. (Read) D( Add.XData Add. (Read) x:x Add.XData )
: = \
SPISDO WD timer start [ iData) | Write an “Answer” | < Data >

| Read a “Question” (

| Evaluate an “Answer’ |_.

Evaluation Initial value is 0 /N

register

Figure 4-32 QA monitoring operation

@ Procedure
Below figure illustrates the procedure in accordance with Figure 4-32.
Address Data

A

A
r \l \

R/W| A5| A4| A3| A2| A1 | A0 |D7|D6|D5|D4| D3| D2| D1| DO| P

Set“SPImode",—) 0 0 11010 0|0 0] 0 0] 01O oj1111{o0
“Advanced mode”

RW| A5| A4| A3| A2| A1 | A0 |D7|D6|D5| D4| D3| D2| D1| DO| P
Requesttostart==»{ 0 | 0 | 1|0 |12 | 1|0 | o0o|o| olo|o|o|lo0o|o0 |0 |wDstart

R/W| A5| A4 A3[A2[A1L|A0|D7|D6|D5|D4)| D3| D2| D1| DO| P
Read “Question” = 1 0 1101 110 ofofo o|o0 o0 |0 |1
“Question” data @ 1 1 11111 111 11110 01 o0 ]1]0
H_J\ —~— g
Operand Random data

R/W| A5| A4 A3| A2|A1|AO0|D7|D6|D5|D4| D3| D2| D1| DO| P
Write “Answer==»| 0 0 1101 110 1|1 1| 1 0l 1| 1] 0 |0 | Refreshtimer

R/W| A5| A4| A3[A2| AL | A0 |D7|D6|D5|D4| D3| D2| D1| DO| P
Read “Question™=»{ 1 | 0 | 1|01 | 1|0 (0|00 |Of|O]|O|lO|O |1

“Question” data« 1 1 11111 111 1({0]1 1(0 0|10 ]0

Operand Random data

RW| A5| A4| A3|A2|A1|A0|D7|D6|D5| D4| D3| D2| D1| DO| P
Write “Answer's=l o | o0 | 1|0 |2 | 2|o| 2|0 ol 2| 2| olo |1 |0 |Refreshtimer

Figure 4-33 Refresh procedure in advanced mode
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¢ Select “SPI mode” and “Advance mode”
Set the configuration register (CONF) to control WD via SPI and use advance mode.
In Figure 4-33, DO bit and D1 bit are set 1.

e Request to WD start
Enter WD trigger address (WDTRG) to start WD function. The data of WDTRG is ignored in WD
start, but the parity bit is checked.

¢ Read “Question”
The PMIC generates a random data as a question containing 2bit operand and 6bit objective data.
A MCU has to read the question to respond with an answer.

o Write “Answer”
A MCU enters an answer to the obtained data. The address data to enter an answer is same as a
WD trigger address (WDTRG) and refresh the WD timer simultaneously. The data contains 2bit
operand and 6bit data operated along with the operand. If the consecutive “Question” reading, the
“Question” is the first reading data.

€ Evaluation register
The PMIC gives a point to the entered answer and has the register (ACCVA) to accumulate the points.
The accumulated value is read via SPl. When the WD starts, accumulated point is 0. The evaluation is
executed in OW.

¢ Correct “Answer” sending in OW
The PMIC gives “-1” point to the evaluation register when a correct answer is entered. If the
accumulated value in the evaluation register is 0, the evaluation register is “0”.
In below example, a correct answer Al is entered as a response of Q1. And then, “-1” is added to
current value of evaluation register.

| Write correct “Answer”, Al | | Write correct “Answer”, A2
SPISDI X Add. (Read) add. X A1 ~ Add. (Read) m
) Read Questlon Q1 | ) Read Questlor\\“, Q2 |_

SPISDO ', < Q2 > '

Add pomt -1 ! Add point, -1 !

Evaluation ’

o N N-2

register

Figure 4-34 Evaluation for enterd answer (Correct answer)

e Incorrect “Answer” sending in OW
The PMIC gives “+2” point to the evaluation register when an incorrect answer is entered. And the
next question is same as previous one.
In below example, an incorrect answer Ax is entered as a response of Q1. And then, “+2” is added
to current value of evaluation register. In spite of incorrect answer, the PMIC refreshes the WD

timer.
| Write incorrect “Answer”, Ax | | Write correct “Answer”, A1
SPISDI X Add. (Read)m Add. (Read) m
) Read ° Questlon Q1 A Read ° Questlom Q1 I_
SPISDO '. i
Add pomt +2 ,' Add pomt -1 1
Evaluation
. : N N+1
register
Figure 4-35 Evaluation for enterd answer (Incorrect answer)
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e “Answer” bits all “0”

The PMIC gives “+3” point to evaluation register when the entered bits of the answer are all “0”.
The PMIC never create a “Question” which leads the answer’s bits are all 0.

| All “Answer” bits O | Write Correct “Answer”, A1 |

—
SPISDI X Add. (Read)X:X Add,) \CX Add. (Read) X:X Add.x Al ~X
) Read “Question”, Q1 | ) Read “Question”, Q1 I_

SPISDO < Q1L } \ ( Q1L } \
'
1

1
1
Evaluation Xv
Atio N N+3
reaister )

Figure 4-36 Evaluation for enterd answer (No answer)

¢ Reset by accumulated value
Through QA monitoring, when accumulated value (ACCVA) is more than designated value
(SETVA), a reset is occurred.
In below example, the reset value of evaluation register (RSTVA) is more than “N+1” and the
current value of the evaluation register is “N”. When an incorrect answer is entered, the value

comes up to “N+2”. Eventually, the reset is occurred after 4us passes. The pulse width of the reset
is 2ms.

| Write incorrect “Answer”, Ax |

SPISDI X Add. (Read)x:mx
) Read “Questior‘rl”, Q1 |

SPISDO < Q1 > ,
A2 1~
Evaluation

1
register - XV N2 )I( 0

2ms
RSTB

Figure 4-37 Evaluation for enterd answer (In appropriate term)

4.8.4. Register
The contents of WDT setting are described in this section.

» WD trigger
Only entering address refresh the timer in SPI mode ((D7-D0) data is ignored but the parity bit is
checked)
B Address(WDTRG): 16H
A5 A4 A3 A2 Al AQ
0 1 0 1 1 0
B Register
To evaluate “answer”, MCU should enter below data in accordance with the question.
D7 | D6 D5 | b4 | b3 | D2 | D1 | DO
OPE (1:0) SUBJ (5:0)
A MCU should obtain below “question”.
Do7 | Do6 Do5 | Do4 | Do3 | Do2 | Dol | DoO
OPE (1:0) SUBJ (5:0)
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B Setting contents
A MCU should transmit SUBJ calculated the below received D5-DO bits.

OPE (1:0)

Do7 DOG Control contents
0 0 Copy Do05-Do0 bits for D5-D0
0 1 Shift D05-Do0 bits to the 1bit left for D5-D0
1 0 Shift Do5-Do0 bits to the 1bit right for D5-D0
1 1 Invert Do5-Do0 bits for D5-D0O

Note: “0” is inserted in the blank Do0 or Do5 after the data shifts right or left

» Waitch dog time
This register can set watch dog time and rate of close window to watchdog time.
The below registers are secured registers. Enter “key” code, before entering this request. (Refer to
section 4.2.3.)
This setting is active for WDI or SPI control in the same time.

B Address(WDTIME): 17H

A5 A4 A3 A2 Al AO
0 1 0 1 1 1
B Register

D7 D6 D5 D4 D3 | D2 D1 | DO
- - - - CWSET (1:0) | WDTIME (1:0)
B Setting contents

Below table shows OW and CW time setting.

CWSET (1:0) N WDTIME (1:0) N
D3 D2 Setting time D1 DO Setting time
0 0 CW rate: 0% * 0 0 WD time: 6ms
0 1 CW rate: 25% 0 1 WD time: 12ms *
1 0 CW rate: 50% 1 0 WD time: 24ms
1 1 CW rate: 75% 1 1 WD time: 48ms
* Default setting * Default setting

Cautions 1: CWSET is not available in “Advanced mode” (CW time is 50% fixed)
2: CWSET and WDTIME are only rewritable registers in FW.

» Evaluation value
The accumulated value of QA monitoring is read via this register.
B Address(QAEVA): 19H

A5 A4 A3 A2 Al A0
0 1 1 0 0 1
B Register
Do7 | Do6 | Do5 | Do4 | Do3 | Do2 | Dol | DoO
ACCVA (7:0)
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» Accumulated valued for reset
This register is a threshold value to occur the reset
B Address(RSTVA): 1CH

A5 A4 A3 A2 Al A0
0 1 1 1 0 0
B Register
D7 | b6 | bs | b4 | D3 | D2 | D1 | DO
SETVA (7:0)

B Setting contents
Any numbers are allowed to set this register. The default value of this register is “255”.

But the setting number of “zero” is prohibited for occurring the reset in “Advanced mode” selected
in the configuration register.

4.8.5. Electrical characteristic

Parameter Symbol Conditions MIN TYP MAX Unit
First window time Tfw 57.6 64.0 70.4 ms
Watch dog timel Twdl | WDTIME (1:0) = (0,0) 5.4 6.0 6.6 ms
Watch dog time2 Twd2 | WDTIME (1:0) = (0,1) 10.8 12.0 13.2 ms
Watch dog time3 Twd3 | WDTIME (1:0) =(1,0) 21.6 24.0 26.4 ms
Watch dog time4 Twd4 | WDTIME (1:0) = (1,1) 43.2 48.0 52.8 ms
WDI pulse width
Parameter Symbol Conditions MIN TYP MAX Unit
Minimum pulse width Twwdi | CWSET(1:0)=(0,0) 4.0 us
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4.9. Reset

The PMIC generates reset signal. RSTB pin is an open drain configuration including the pull-up resistor.

4.9.1. Reset factor
There are several cases to force reset happen. The reset signal is occurred by the following case. The
reset factors are stored in RSTFAC. The detail is described in section 4.9.2

Table 4-2 Reset factor

Reset factors Symbol Remark
ERROR STPERR | IfRSTERR issetto 1
WDT, Advanced mode OVADV | ACCVA (7:0) > SETVA (7:0)
Low voltage detection of VOUT1 LVLDO1
WNDT, Trigger in CW WDSUS
WDT, Expired watch dog time, OW WDEXP
Thermal shut down TSDTMP
Low voltage detection core voltage LVCORE | See Figure 4-38

> Battery voltage
The PMIC outputs the reset to prevent the error operation of the PMIC when the battery voltage
falls down Vdbu (3.65V TYP.).

» LDO1 output
The output voltage downs to Vd112 (3.11V TYP.) supply voltage down such as crank pulse situation
or over current sinks from LDO1’s output. These situations are regarded as unusual condition so
that the PMIC generate reset signal. Refer to section 4.12.

» No first trigger to start WDT operation
After initial reset is released, the PMIC generates 2ms reset pulse if no trigger is entered in FW.
After reset, the PMIC waits a trigger in FW. Refer to section 4.8.

» WD trigger in Close Window period
After WDT is started, the PMIC outputs reset if the refresh request in CW period. Refer to section
4.8.

» WD timer expires in Open Window
After WDT is started, No WD trigger in OW period and WD timer is expired. The PMIC generates
the reset. Refer to section 4.8.

» Reach the designated number in QA monitoring
In “Advanced mode” of WDT operation, the evaluation register has accumulated the evaluation
value. If the value reaches designated number, the PMIC generates 2ms reset pulse. Refer to
section 4.8.3.

» Thermal shut down (THSD)
The PMIC generates the reset if the junction temperature is over Tsd (section 4.13)

» Microcontroller's safety monitor
The PMIC monitors ERROR pin indicating the MCU’s safety operation. If the system needs reset
when ERROROUT pin of MCU indicates unusual situations, Set configuration register (CONF).
Refer to section 4.10.

» ENIG, EN
Once either ENIG or EN are set to high, the PMIC starts its operation. When both ENIG and EN
turn to low, reset occurs. Refer to section 4.1.

> Low voltage detection of core voltage
The PMIC generates the rese if core voltage falls down Vdcoll (1.13V TYP.). Refer to section 4.12.

COREMON Vdcoll
14.5ms

90us —> < >
RSTB /

Figure 4-38 Timing of reset and core voltage

A
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4.9.2. Reset factor register
The reset factors are lined up in this register. The register only is initialized at the PMIC power up.

» Reset factor register

B Address(RSTFAC): 12H

A5 A4 A3 A2 Al A0
0 1 0 0 1 0
B Register (Read only)
D7 D6 D5 D4 D3 D2 D1 DO
- STPERR | OVADV | LVCORE | TSDTMP | WDEXP | WDSUS | LVLDO1
H Contents
Bit Contents
0 Normal *
1 Reset
* Default setting
» Reset factor clear
B Address(RSTFCL): 13H
A5 A4 A3 A2 Al A0
0 1 0 0 1 1
B Register
D7 D6 D5 D4 D3 D2 D1 DO
- CLSTPERR | CLOVADV | CLLVCORE | CLTSDTMP | CLWDEXP | CLWDSUS | CLLVLDO1
B Contents
Register name Control contents fettmg i
CLSTPERR D6 Clear STPERR to O Clear Not clear
CLOVADV D5 Clear OVADV to O Clear Not clear
CLLVCORE D4 Clear LVCORE to 0 Clear Not clear
CLTSDTMP D3 Clear TSDTMP to O Clear Not clear
CLWDEXP D2 Clear WDEXP to 0 Clear Not clear
CLWDSUS D1 Clear WDSUS to 0 Clear Not clear
CLLVLDO1 DO Clear LVLDO1 to O Clear Not clear

* Default setting

Note: INTOUT doesn’t change low during 500us after any reset factors are cleared.
If any interrupt factors are occurred after 500us, INTOUT is set to low.
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> Reset factor mask

The below registers are secured registers. Enter “key” code, before entering this request. (Refer to
section 4.2.3.)

B Address(RSTFMSK): 14H

A5 A4 A3 A2 Al AO
0 1 0 1 0 0
B Register
D7 D6 D5 D4 D3 D2 D1 DO
- - MSKOVADV - MSKTSDTMP | MSKWDEXP | MSKWDSUS -
H Contents
. Setting
Register name Control contents 1 o+
MSKOVADV | D5 Mask OVADV Mask Not mask
MSKTSDTMP | D3 Mask TSDTMP Mask Not mask
MSKWDEXP | D2 Mask WDEXP Mask Not mask
MSKWDSUS | D1 Mask WDSUS Mask Not mask

* Default setting
Caution: No reset corresponding with the reset factor by setting the mask register.

4.9.3. Software reset
Even though no reset factors exist, the PMIC can make reset pulse via SPI.

» Software reset
The below registers are secured registers. Enter “key” code, before entering this request. (Refer to
section 4.2.3))

B Address(SFTRST): 1DH

A5 A4 A3 A2 Al A0
0 1 1 1 0 1
B Register
D7 | b6 | D5 | D4 | D3 | D2 | D1 | DO
RDMKEY (7:0)

B Setting contents
o Enter the Data obtained by reading PRTCT register into RDMKEY

4.9.4. External reset

RSTB is open drain configuration and is able to be wired to the reset pin of other devices. (See below
figure). The other reset should be also open drain. More than 400us of forced reset is required to avoid
an accidental reset of other devices. The registers which “Reset by” item is described as RSTB in section
4.2.5, are initialized by an external reset.

RAA270005 % RSTB
? _|§ RH850/P1x a
—>| |<—400ps
Other devices RSTB b
| RSTB
b _|5 Reset Reset u
(a) Wired reset (b) Narrow reset pulse
Figure 4-39 Wired reset
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4.9.5. Electrical characteristics
€ Reset timingl

Parameter Symbol Conditions MIN TYP MAX | Unit
Reset release time Tdrstb From initial INTOUT rising 13.0 14.5 16.0 ms
Reset pulse width Twrstb 1.8 2.0 2.2 ms
Forced reset period Tintrstb External forced reset 360 400 440 us

INTOUT
Tdrstb Twrstb
{ W

Figure 4-40 RSTB signal timing

Tintrstb Forced reset duration < Tintrstb

.
RSTB

Y

Twrstb

Figure 4-41 Forced reset duration for internal reset
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4.10. Specified output pins

The PMIC has some specified digital output pins served safety operation in the entire system. The
operation of each pin is described in below. These pins are set high and low by SPI.

4.10.1. Low voltage indicator (SUSP)

VOUT1 normally starts up and the reset is high, then SUSP goes to high. When VOUTL1 applied for MCU
falls below Vd1l1 level, SUSP asserts low. VOUT1 goes up the returned voltage (Vrll) after SUSP is low,
SUSP asserts high. The detail detection level is shown in section 4.12.4. If SUSP asserts low, WDT is
stopped and the WDT state enters FW after SUSP is returned high.

vouTt vrl w
_/ vdill I"\ ll lelz’/ |

1
1 1 1
1 1 bl 3 Nissssspssshsssssssssssnsnsnmnmns
SusP | K N ,"
! ! !
! \

INTOUT 208 o ; \ \

1 : P D

RSTB

Figure 4-42 SUSP timing

4.10.2. Error input (ERROR)

The ERROROUT pin in a RH850/P1x MCU indicates the unusual situation in the MCU. The detail of
ERROROUT is referred to the user’s manual of RH850/P1x.

ERROR receives the error indication signal of MCU. If the reset is required when ERROR indicates the
any error (the dash line in Figure 4-43), set the configuration register (CONF).

There are two kinds of format in unusual signal: static operation and dynamic operation. Select signal
format to determine the unusual situation in MCU. If the static level is selected, low level on ERROR
indicates error occurred in MCU and the PMIC makes RSTB assert low. If ERMODE is set to 1 and
ERROR monitor is the dynamic mode, no toggling indicates error occurred in MCU. And the PMIC detects
no toggling during 100us or 200us and makes RSTB assert low as well. In the initial operation, after
ERROR signal is set to high, the PMIC starts monitoring ERROR pin.

Note: Toggling time needs to be 100us+/-10us or 200us+/-20ys.

)\ ! L
RSTB : :
_ I RsTe [
> r
ERROR O - ERROR o
— I e 1
S tor ' I Start monitorin ! !
tart monitoring lOOlJS g lOOuS or ZOOLIS
(SELDT)
(a) Static mode (b) Dynamic mode
Figure 4-43 ERROR behavior
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4.10.3. External control (EXCNT1/2)

In order to control another device through the PMIC, the PMIC has specified output pins, EXCNT1/2.
EXCNT1 is set to high after WDT is requested to start and ERROR monitoring is stared. EXCNT2 is set
to high after self-diagnosis and set to low after WDT is requested to start and ERROR monitoring is stared.
The reset factor is occurred or SUSP is set to low makes EXCNT1/2 level is changed.

In “Advanced mode” for WD, EXCNT1/2 is normal output after QA monitoring is started. EXCNT1/2 level
is changed by reset factor of RSTVA. EXCNT1/2 links to ERROR, EXCNT1/2 is changed by error input.
These pins control can be done via SPI as well.

EXCNT1/2 aren’t changed the level even if masking these reset factor (the factor by ERROR or WDT).

Reset factor \

susp __| )

-

WD timer start M Set the level Set the level !

SPI X . X X e )CX o« X i
' 4 T n

L oy | e
\ T 1
‘ G

\
\
h

EXCNT2 I 'gkv
(@) WD normal mode
MSKOVADV=1 ===+ =-~
RSTB —I QA reset value ;\’\’ . _)|—\\‘|—
susp | ':‘.\*-~>| -¥--

Write first answer !

SPI X e )D( e X W

\

N !

" WD timer start \ N
EXCNT1 \ \

¥ \
N N

EXCNT2 - ‘>|

(b) WD “Advanced mode”

ERROR h— SUSP S WD restart

WD timer start \ 0 !

SPI X « X 'l EXCNT1 L :
EXCNT1 "| t EXCNT2 |“' | —
(c) ERROR (Refer to section 4.10.2) (d) SUSP (Refer to section 4.10.1)

Figure 4-44 EXCNT1/2 operation
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¢ EXCNT2 output delay

The delay of EXCNT2, low to high, is selectable to the maximum 15ms. EXCNT2 goes to high after
this selected delay time if SUSP goes back to high in that delay period. The delay setting of

EXCNT2 is ignored in SETEXCNT?2 setting.

Reset mask

RSTB l | l
X VOUT1 returned ;

SUSP I

WD timer start

WD trigger ﬂ Write “Answer” I-I i Reset factor
. WD resume I—_
exentz | [ : R :
Tdexcnt21,22,23 &> Tdexcnt21,22, 23—
WDT or ERROR defect, SUSP=Low
Figure 4-45 Output delay time of EXCNT2
Table 4-3 EXCNT1/EXCNT2 Control
Condition EXCNTL1 | EXCNT2 | Note
EXCNT start WDT start
(1) | 1. After WDT, ERROR monitoring 1 0 1. WDI/SPI : Trigger in FW
2. After ERROR monitoring, WDT start 2. ADV: First trigger in OW
1
(2) | RSTB=L 0 (without
delay)
WDT Error 1
(3) | (Trigger in CW, OW timeout 0 (with XASST((\)A\/SSDJQM_SIKWDEXP
Over SETVA) delay) -
1
(4) | ERROR 0 (with RSTERR=0
delay)
1
(5) | SUSP=L 0 (with
delay)
(6) | Control by SETEXCNTL/2 0/1 (W#%ut Enable after (1) EXCNT start.
y delay) Condition (2) to (5) takes precedence.

Reset factor

EXCNT1=0

ERROR

monitoring & WDT start

RSTB=1 &

y

SUSP=0
Set 0 if SETEXCNT1=0

Set 1 if SETEXCNT1=1
But SUSP=0 or
ERROR has priority.

EXCNT1=1

A
ERROR
monitoring

susP=0\_EXCNT1=0

EXCNT1 control

Reset factor

Self-diagnosis

EXCNT2=1

ERROR

monitoring & WDT start

RSTB=1 &

Z Set 1 if SETEXCNT1=
Set 0 if SETEXCNT1=
But SUSP=0 or
ERROR has priority.

A
ERROR

0
1

monitoring

susp=0\_EXCNT2=1

EXCNT2 control

Figure 4-46 EXCNT1/2 control flow
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4.10.4. Backup-power control (BKCNT)

BKCNT is the control signal to maintain the system function if the PMIC occurs the event in Table 4-4 by
any unusual situation when the VINR is over Vrbku. The backup-power supplies the power to MCU after
BKCNT outputs high once. The PMIC set BKMODE 1 and INTOUT is low. BKCNT keeps high until the
PMIC goes to stand-by state.

Table 4-4 Backup-power switching factor

Switching factor Description

DETDCU Over voltage detection of buck DCDC

DETDCL Low voltage detection of buck DCDC

DETDCOC Over current detection of buck DCDC

DET1L1 Low voltage detection of LDO1
Backup-power vril yBacku
CNT VOUT1 ~—""

ouT vdiir
1

A
PMIC SuUsP 1—'
VOUT1 To EVCC I
BKCNT BKCNT

Figure 4-47 Backup-power control
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4.10.5. Register
Registers for each pin setting

» Pin function setting
B Address(PINSET): 15H

A5 A4 A3 A2 Al AO
0 1 0 1 0 1
B Register
D7 D6 D5 | D4 D3 D2 D1 DO
- - DEXCNT2(1:0) - - SELDT | ERMODE

B Setting contents
The rising delay time of EXCNT?2

DEXCNT2(1:0) | EXCNT2 rising delay
D5 D4 time
0 0 Oms *
0 1 5ms
1 0 10ms
1 1 15ms

* Default setting
Mode setting of ERROR pin

Register name Control contents 1 Setting 0
SELDT D1 | ERROR toggle expire time 100us 200us *
ERMODE DO | Errorindication mode Dynamic | Static *
* Default setting
» Pin setting

The digital pins are forced to control by registers.
This register is secured registers. Enter “key” code before entering this request. (Refer to section

4.2.3)
B Address(SETDPIN): 02H
A5 A4 A3 A2 Al A0
0 0 0 0 1 0
B Register
D7 D6 D5 D4 D3 D2 D1 DO

- - - - SETEXCNT2 | SETEXCNT1 | SETSUSP | SETBKCNT
B Setting contents

Register name Control contents 1 Setting 0
SETEXCNT2 | D3 | Pin setting of EXCNT2 Normal High *
SETEXCNT1 | D2 | Pin setting of EXCNT1 Normal Low *

SETSUSP D1 | Pin setting of SUSP Normal * Low
SETBKCNT DO | Pin setting of BKCNT High Normal *

* Default setting
Notes1: Refer to section 4.10.3 to “Normal”

2: SETEXCNT2: WDT is activated, this setting is enable after EXCNT2 outputs low. Write
“0” if forcing EXCNT2 high.

3: SETEXCNT1: WDT is activated, this setting is enable after EXCNT1 outputs high. Write
“0” if forcing EXCNT1 low.

4: SETSUSP: VOUT1 starts normally, this setting is enable after SUSP outputs high. Write
“0” if forcing SUSP low.

5: SETBKCNT: Write “1” if forcing BKCNT high.
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4.10.6. Electrical characteristics
€ SUSP minimum low width

Parameter Symbol Conditions MIN TYP MAX | Unit
SUSP min. low width Twsusp SUSP returned 428 476 523 ns
€4 EXCNT2 output delay
Parameter Symbol Conditions MIN TYP MAX | Unit
DEXCNT2(1:0) =01,
Tdexcnt2l | - o Figure 4-45 4.5 5.0 5.5 ms

DEXCNT2(1:0) =10,
see Figure 4-45
DEXCNT2(1:0) =11,
see Figure 4-45

EXCNT2 output delay | Tdexcnt22 9.0 10.0 11.0 ms

Tdexcnt23

135 | 150 | 165 | M
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4.11. Interrupt Signal

The purpose of interrupt signal is to inform what happened inside the PMIC to MCU. The INTOUT pin
indicates that interrupt factor is occurred and MCU identify what interrupt factor is via SPI.

4.11.1. Interrupt control
When an interrupt factor happens, the interrupt signal is asserted low. The information of interrupt factor
is stored into interrupt registers and MCU can read what the interrupt factor is. The interrupt registers are
cleared by the writing clear registers. If several interrupt factors are stored, needs to clear all clear
registers which cause interrupt assertion.
The interrupt informing can be suspended by setting the interrupt mask registers. After setting these
registers, the interrupt is not asserted even though the interrupt factor is occurred.

Clear timing
NTOUT | T INTouT
SPICSB
SPI X X X« I
N\ SPICLK | | | | |

Clear request

Figure 4-48 Interrupt clear timing

4.11.2. Interrupt factors
The interrupt factors are listed below. Interrupt bit names are indicated as symbol.

After 500us passed from the point when interrupt cleared, if interrupt factor remains such situation,
INTOUT asserts low again.

Table 4-5 List of interrupt factors

Interrupt factor Symbol Note

Over current detection on TRACK2 DETTRQ20C
%‘ Over current detection on TRACK1 DETTRQ10C
+ | Over current detection on boost DCDC DETBSOC
~f:° Short GND detection on core voltage DETCOL
2| Low voltage detection on TRACK?2 DETTRQ2L
5 | Low voltage detection on TRACK1 DETTRQIL
Z [ Low voltage detection on VOUT1 DETI1L

Low voltage detection on buck DCDC DETDCL

Over voltage detectionl on MCU core DETCOU1 Core voltage,_
«~ | voltage Absolute maximum voltage
g Over voltage detection2 on MCU core DETCOU? Core voltage, Functional
& | voltage voltage
g Over voltage detection on TRACK2 DETTRQ2U
= | Over voltage detection on TRACK1 DETTRQ1U
£ | Over voltage detection on VOUT1 DET1U

Over voltage detection buck DCDC DETDCU

Notification to backup-power changing BKMODE

Self-diagnosis of backup-power SDBKUP Check backup-power
o Self-diagnosis of state machine SDSTA Diagnosis during operation
5 | Self-diagnosis of oscillator SDOSC
g Bac(l;up-power functional
= condition
S Battery voltage BATBK (If self-diagnosis error,
I INTOUT is set to low)
£ | Self-diagnosis (LDOO, BGR) DETREF

High temperature warning WRTMP

Over current detection on buck DCDC DETDCOC
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Interrupt factor (Continued)

Interrupt factor Symbol Note

Monitoring of digital output, EXCNT1/2 PEXCNT1/2 Output monitoring

< Monitoring of digital output, SUSP PSUSP Output monitoring
Monitoring of digital output, BKCNT PBKCNT Output monitoring
Monitoring of digital output, RSTB PRSTB Output monitoring

Interrupt factor

Figure 4-49 INTOUT behavior, continuous interrupt factors

500us

\

\
[+ Interrupt factor occurred

N

A

1

A

INTOUT

£

Clear interrupt

Note: INTOUT doesn’t change low during 500us after any interrupt factors are cleared.

If any interrupt factors are occurred after 500us, INTOUT is set to low.

4.11.3. Register

Interrupt registers indicate the factor that causes INTOUT assertion. Even one or more interrupt factors
are occurred, INTOUT asserts low. If the mask resisters are set, no interrupt related with those factors is

occurred.

> Interrupt factor
This register indicates what interrupt register occurs so that it can read interrupt factor directly.

INTSD register is indicated fail occurred in self-diagnosis. And if the factor belonged in each
interrupt request address failed in self-diagnosis, D2-D0 is set “1” simultaneously. If the digital pins
control unmatched to this output, D3 is set “1”. INTRSFG register is indicated the factor which

makes reset exists. This register is cleared by clearing the occurred interrupt factor.

B Address(INTFAC): O3H

A5 A4 A3 A2 Al A0
0 0 0 0 1 1
B Register (Read only)
D7 D6 D5 D4 D3 D2 D1
- - INTRSFG | INTSD | INTR4 | INTR3 [ INTR2 | INTR1
m Contents
. Setting
Register name Control contents 1 0
INTRSFG | D5 | Flags of reset factor Reset flags No reset flag*
INTSD D4 | Interrupt factor in self-diagnosis Interrupt No interrupt *
INTR4 D3 | Interrupt factor in INTREQ4 Interrupt No interrupt *
INTR3 D2 | Interrupt factor in INTREQ3 Interrupt No interrupt *
INTR2 D1 | Interrupt factor in INTREQ2 Interrupt No interrupt *
INTR1 DO | Interrupt factor in INTREQ1 Interrupt No interrupt *

* Default setting
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» Interrupt requestl
Interrupts of low voltage detection are collected in this address.
The interrupt request by the fail detection in the self-diagnosis is occurred in corresponding block.
B Address(INTREQ1): 04H

A5 A4 A3 A2 Al A0

0 0 0 1 0 0
B Register (Read only)

D7 D6 D5 D4 D3 D2 D1 DO
DETTRQ20C | DETTRQ1OC | DETBSOC | DETCOL | DETTRQ2L | DETTRQIL | DET1L | DETDCL

B Contents

Bit Contents

0 No interrupt request*

1 Interrupt request

* Default setting

> Interrupt request2
Interrupts of over voltage detection are collected in this address.
The interrupt request by the fail detection in the self-diagnosis is occurred in corresponding block.
B Address(INTREQ?2): O5H

A5 A4 A3 A2 Al A0

0 0 0 1 0 1
B Register (Read only

D7 D6 D5 D4 D3 D2 D1 DO

- - DETCOU2 | DETCOU1 | DETTRQ2U | DETTRQ1U | DET1U | DETDCU
® Contents

Bit Contents

0 No interrupt request*

1 Interrupt request

* Default setting

» Interrupt request3
Other interrupt factors are collected in this address.
B Address(INTREQ3): 06H

A5 A4 A3 A2 Al A0

0 0 0 1 1 0
B Register (Read only)

D7 D6 D5 D4 D3 D2 D1 DO

BKMODE SDBKUP SDSTA | SDOSC | BATBK | DETREF | WRTMP | DETDCOC
H Contents

Bit Contents

0 No interrupt request*

1 Interrupt request

* Default setting
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» Interrupt request4
Interrupt factors of digital output are collected in this address.
B Address(INTREQ4). 07H

A5 A4 A3 A2 Al A0
0 0 0 1 1 1
B Register (Read only)
D7 D6 D5 D4 D3 D2 D1 DO
DUMMY - - PEXCNT2 PEXCNT1 PSUSP | PBKCNT | PRSTB
Note: D7: DUMMY bit accepts a write request.
B Contents
Bit Contents
0 No interrupt request*
1 Interrupt request

* Default setting
Note: D7: DUMMY bit, for confirming INTOUT pin, is “read/write”. Set to 0 to DUMMY after
interrupting DUMMY .

» Interrupt clearl
Clear for “INTREQ1” register is placed in this address. If all contents of this address are cleared,
INTOUT is asserted high.
B Address(INTCL1): 08H

A5 A4 A3 A2 Al A0
0 0 1 0 0 0
B Register (Write only)
D7 D6 D5 D4 D3 D2 D1 DO
CLTRQ20OC | CLTRQ1OC | CLBSOC | CLCOL | CLTRQ2L | CLTRQ1L | CL1L | CLDCL
H Contents
. Setting
Register name Control contents 1 0+
CLTRQ20C D7 | Clear DETTRQ20C to 0 Clear Not clear
CLTRQ10C D6 | Clear DETTRQ10C to 0 Clear Not clear
CLBSOC D5 Clear DETBSOC to 0 Clear Not clear
CLCOL D4 Clear DETCOL to 0 Clear Not clear
CLTRQ2L D3 Clear DETTRQ2L to 0 Clear Not clear
CLTRQ1L D2 Clear DETTRQ1L to 0 Clear Not clear
CL1L D1 Clear DET1LO0to 0 Clear Not clear
CLDCL DO Clear DETDCL to 0 Clear Not clear
* Default setting
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> Interrupt clear2
Clear for “INTREQZ2” register is placed in this address. If all contents of this address are cleared,
INTOUT is asserted high.
B Address(INTCL2): 09H

A5 A4 A3 A2 Al A0
0 0 1 0 0 1
B Register (Write only)
D7 D6 D5 D4 D3 D2 D1 DO
- - CLCOU2 | CLCOU1 | CLTRQ2U | CLTRQ1U | CL1U | CLDCU
H Contents
. Setting
Register name Control contents 1 0+
CLCOU2 D5 Clear DETCOU2 to O Clear Not clear
CLCOU1 D4 Clear DETCOU1 to O Clear Not clear
CLTRQ2U D3 | Clear DETTRQ2U to O Clear Not clear
CLTRQ1U D2 | Clear DETTRQ1U to O Clear Not clear
CL1U D1 Clear DET1U to O Clear Not clear
CLDCU DO Clear DETDCU to 0 Clear Not clear

* Default setting

> Interrupt clear3
Clear for “INTREQ3” register is placed in this address. If all contents of this address are cleared,
INTOUT is asserted high.
B Address(INTCL3): OAH

A5 A4 A3 A2 Al A0
0 0 1 0 1 0
B Register (Write only)
D7 D6 D5 D4 D3 D2 D1 DO
CLBKMODE | CLBKUP | CLSDSTA | CLSDOSC | CLBATBK | CLREF | CLWRTMP [ CLDCOC
m Contents
. Setting
Register name Control contents 1 0+
CLBKMODE | D7 Clear BKMODE to O Clear Not clear
CLBKUP D6 Clear SDBKUP to 0 Clear Not clear
CLSDSTA D5 Clear SDSTAto 0 Clear Not clear
CLSDOSC D4 Clear SDOSC to 0 Clear Not clear
CLBATBK D3 Clear BATBK to 0 Clear Not clear
CLREF D2 Clear DETREF to O Clear Not clear
CLWRTMP | D1 Clear WRTMP to O Clear Not clear
CLDCOC DO Clear DETDCOC to 0 Clear Not clear
* Default setting
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» Interrupt clear4
Clear for “INTREQ4” register is placed in this address. If all contents of this address are cleared,
INTOUT is asserted high.

B Address(INTCL4): 0BH

Re

Co

> Inter

A5 A4 A3 A2 Al A0
0 0 1 0 1 1
ister (Write only)
D7 D6 D5 D4 D3 D2 D1 DO
- - - CLPEXCNT2 | CLPEXCNT1 | CLPSUSP | CLPBKCNT | CLPRSTB
ntents
Register name Control contents 1 Setting 0+
CLPEXCNT2 D4 Clear PEXCNT2to O Clear Not clear
CLPEXCNT1 D3 Clear PEXCNT1to 0 Clear Not clear
CLPSUSP D2 Clear PSUSP to 0 Clear Not clear
CLPBKCNT D1 Clear PBKCNT to O Clear Not clear
CLPRSTB DO Clear PRSTB to 0 Clear Not clear
* Default setting
rupt mask1l

Interrupt mask for “INTR1” register is placed in this address.

The below registers are secured registers. Enter “key” code, before entering this request. (Refer to

secti

on 4.2.3)

B Address(INTMSK1): OCH

A5 A4 A3 A2 Al A0
0 0 1 1 0 0
B Reqgister
D7 D6 D5 D4 D3 D2 D1 DO
MSKTRQ20C | MSKTRQ10C | MSKBSOC - MSKTRQ2L | MSKTRQI1L | MSK1L | MSKDCL
B Contents
. Setting
Register name Control contents 1 0
MSKTRQ20C | D7 Mask DETTR20C Masked Not masked
MSKTRQ1OC | D6 Mask DETTR10C Masked Not masked
MSKBSOC D5 Mask DETBSOC Masked Not masked
MSKTRQ2L D3 Mask DETTRQ2L Masked Not masked
MSKTRQ1L D2 Mask DETTRQ1L Masked Not masked
MSK1L D1 Mask DET1L Masked Not masked
MSKDCL DO Mask DETDCL Masked Not masked
* Default setting
Notes1: BKCNT isn’t high by setting MSKDCL to high.

2: BKCNT isn’t high and SUSP isn’t low by setting MSK1L to high.

to high.

MSKTRQ1OC/20C to high.

: The TRACK1/2 output in over current detection keeps ON during setting

: The TRACK1/2 output in low voltage detection keeps ON during setting MSKTRQ1L/2L
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» Interrupt mask2
Interrupt mask for “INTR2” register is placed in this address.
The below registers are secured registers. Enter “key” code, before entering this request. (Refer to
section 4.2.3.)

B Address(INTMSK2): ODH

A5 A4 A3 A2 Al A0
0 0 1 1 0 1
B Register
D7 D6 D5 D4 D3 D2 D1 DO
- - MSKCOU2 MSKCOU1 MSKTRQ2U | MSKTRQ1U | MSK1U | MSKDCU
H Contents
. Setting
Register name Control contents 1 0+
MSKCOU2 D5 Mask DETCOU2 Masked Not masked
MSKCOU1 | D4 Mask DETCOU1 Masked Not masked
MSKTRQ2U | D3 Mask DETTRQ2U Masked Not masked
MSKTRQ1U | D2 Mask DETTRQ1U Masked Not masked
MSK1U D1 Mask DET1U Masked Not masked
MSKDCU DO Mask DETDCU Masked Not masked

* Default setting
Notesl: BKCNT isn’t high by setting MSKDCU to high.
2: The LDO1 isn’t suspended and BKCNT is high in the backup-power by setting MSKCOU1
to high.

» Interrupt mask3
Interrupt mask for “INTR3” register is placed in this address.
The below registers are secured registers. Enter “key” code, before entering this request. (Refer to
section 4.2.3))

B Address(INTMSK3): OEH

A5 A4 A3 A2 Al AO
0 0 1 1 1 0
B Register
D7 D6 D5 D4 D3 D2 D1 DO
- - MSKSDSTA MSKSDOSC - MSKREF MSKWRTMP MSKDCOC
B Contents
. Setting
Register name Control contents 1 0
MSKSDSTA | D5 Mask SDSTA Masked Not masked
MSKSDOSC | D4 Mask SDOSC Masked Not masked
MSKREF D2 Mask DETREF Masked Not masked
MSKWRTMP | D1 Mask WRTMP Masked Not masked
MSKDCOC DO Mask DETDCOC Masked Not masked

* Default setting
Note: BKCNT isn’t high by setting MSKDCOC to high.
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» Interrupt mask4
Interrupt mask for “INTR4” register is placed in this address.
The below registers are secured registers. Enter “key” code, before entering this request. (Refer to
section 4.2.3.)

B Address(INTMSK4): OFH

A5 A4 A3 A2 Al AO
0 0 1 1 1 1
B Register
D7 D6 D5 D4 D3 D2 D1 DO
- - - MSKPEXCNT2 |MSKPEXCNT1| MSKPSUSP [MSKPBKCNT| MSKPRSTB
H Contents
. Setting
Register name Control contents 1 0+
MSKPEXCNT2 | D4 Mask PEXCNT2 Masked Not masked
MSKPEXCNT1 | D3 Mask PEXCNT1 Masked Not masked
MSKPSUSP D2 Mask PSUSP Masked Not masked
MSKPBKCNT | D1 Mask PBKCNT Masked Not masked
MSKPRSTB DO Mask PRSTB Masked Not masked
* Default setting
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4.12. Functional Safety

The PMIC has a sort of protect function for a functional safety to protect MCU or the PMIC from
extraordinary accident.

4.12.1. Voltage detection
The buck DCDC, LDOs and trackers have voltage detectors. And a battery voltage detector has same
function as well.

€ High and low voltage detectionl
Over and low voltage detection behaviors are shown in Figure 4-50. When over or low voltage is detected,
INTOUT is asserted low.

LDO1/Buck DCDC /Tracker output
A

Detection voltage

Release voltaae

Detection voltage

Detector output I

(Low voltage)

Detector output
(High voltage)

Figure 4-50 Over and low voltage detector’s behavior

@ High and low voltage2
In the core voltage monitoring, the over (Vdcou?2) and low (Vdcol1/2) voltage detection policy are different
from the above behavior.
The detectors have no release level and have anti glitch circuit to prevent nuisance reset.

Core voltage
A

Detection voltage -————————————————————————————————W:\ ———————————
|
) |
Detection voltage F------fy¥-—-—-—--- -V --—-7---------- i
h I !
|

| :
90us—> «—i  90ps —> :<—
. I [
Detector output |
(Low voltage) I
Detector output l |
(High voltage)

Figure 4-51 Over and low voltage detector’s behavior for core voltage
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4.12.2. PMIC behavior after unusual detection

The PMIC have some over or low voltage, over current detectors and temperatures sensors. The

behaviors in case of unusual detections are summarized below table.

Table 4-6 PMIC behavoir list in unusal conditons

Unusual detection Description Behavior of the PMIC
DETBAT Low voltage detection of battery | Output reset signal
. Stop Buck DCDC switching
DETDCU (D)E/:(g(\:/oltage detection of buck INTOUT: Low
BKCNT: High*
, Enter interval operating of buck DCDC
DETDCL IB%V\[/)\éoltage detection of buck INTOUT: Low
BKCNT: High*
. Enter interval operating of buck DCDC
DETDCOC (D)\C/:e[;é:urrent detection of buck INTOUT: Low
BKCNT: High*
DETBSOC (D)E/:eDrC(::urrent detection of boost INTOUT: Low
DET1U Over voltage detection of LDO1 | INTOUT: Low
SUSP, INTOUT, EXCNTL1: Low
DET1L1 Low voltage detection of LDO1 EXCNT2: High
BKCNT: High*
DET1L2 Low voltage detection of LDO1 Enter P/D sequence after reset
DETCOUL Over absolute maximum Suspend LDO1
detection of core voltage
DETCOU? Over voltage detection of core INTOUT: Low
voltage
LVCORE Low voltage detection of core | 1yt reset, INTOUT: Low
voltage
Low voltage detection of core Suspend LDOL
DETCOL voltage Enter P/D sequence after reset
9 INTOUT: Low, Refer to Figure 4-52
Over voltage detection of )
DETTRQ1U TRACK1 INTOUT: Low
Low voltage detection of INTOUT: Low
DETTRQIL TRACK1 Stop TRACK1
Over voltage detection of .
DETTRQ2U TRACK? INTOUT: Low
Low voltage detection of INTOUT: Low
DETTRQ2L TRACK2 Stop TRACK2
Over current detection of INTOUT: Low
DETTRQ1OC TRACK1 Stop TRACK1
Over current detection of INTOUT: Low
DETTRQ20C TRACK2 Stop TRACK2
WRTMP Warning temperature detection INTOUT: Low
Shut down temperature INTOUT: Low
TSDTMP detection Enter P/D sequence after reset

* If the backup power is detected

RILELLETT]

Core voltage No power up core voltage
INTOUT [ |
< >,
' 14.5ms i------
RSTB

Figure 4-52 Low voltage detection behavior for core voltage at power up
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4.12.3. Self-diagnosis

Built-in-self-test is implemented in the PMIC so that self-diagnostic of the PMIC’s function is executed
during initializing. The self-diagnostic is done to prevent serious situation such as applying unexpected
voltage to MCU or communication disability with MCU. The following blocks are checked as self-
diagnostic.

» Detectors: Confirm the over/low detection function of regulators

» Logic circuit: Confirm logic function

» Oscillator: Confirm if the oscillation frequency is expected

» Temperature sensor: Confirm the function of thermal shutdown

» Backup-power: Confirm with or without the backup voltage and output voltage

@ Detectors
To make sure output voltage of each regulator, the detect functionality is tested before regulators
power up. A voltage for comparator test is applied to the detector part. During diagnosis execution,
detect function is checked by changing comparator’s input. If any error is detected, INTOUT is
asserted.

@ Logic circuit
The logic circuit in the PMIC is checked before reset is released. The self-diagnosis is done by test
circuit implemented in the PMIC. If any error is detected in self-diagnosis, the PMIC does not start to
operate.

@ Oscillator
The oscillator is used for not only switching in DCDC but also state machine. Any damage in the
oscillator may affect PMIC function.
There are two oscillators which have quite same operation. They monitor oscillation each other, and
if any unusual oscillation is detected then switched to the oscillator which acts usual operation. And
then the PMIC set SDOSC to 1 and informs INTOUT assertion.

€ Temperature sensor
The temperature sensor senses a voltage corresponding to the die temperature. During self-
diagnosis period, the thermal shutdown function is checked. If any error is detected, INTOUT is
asserted.

€ Backup-power
The PMIC start up the backup-power by setting BKCNT is high once. The PMIC recognizes the
backup-power if VOUTL1 voltage is over DET1L. The PMIC starts the power up sequence after
confirmation of the backup-power. SDBKUP set 1 if VOUT1 voltage is over Vrll when BKCNT before
LDO1 activation is low.
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4.12.4. Electrical characteristics
The detection levels in each regulator are shown in below tables.

€ Battery voltage detector
Table 4-7 Detection level of battery

Parameter | Symbol | Conditions | MIN | TYP | MAX | Unit
DETBAT
Detection voltage | Vdbu | VINR 3.50 3.65 3.80 V
Release voltage Vrbu VINR 5.00 5.25 5.50 \
DETBATBK
Detection voltage | Vrbku | VINR | 740 | 770 | 800 | V
@ Detector in buck DCDC
Table 4-8 Detection level of buck DCDC
Parameter | Symbol | Conditions | MIN | TYP | MAX | Unit
DETDCU
Detection voltage | Vddu 6.90 7.15 7.40 \
Release voltage Vrdu 6.60 6.85 7.10 \
DETDCL
Detection voltage vddl 2.70 2.85 3.00 V
Release voltage Vrdl 4.40 4.60 4.80 \
DETDCOC
Detection current | Iddcoc* | 750 | - | - | mA
*. Guaranteed by Design Engineering
@ Detector in boost DCDC
Table 4-9 Detection level of boost DCDC
Parameter | Symbol | Conditions | MIN | TYP | MAX | Unit
DETBSOC
Detection current | Idbsoc* | Current of 47mQ(£5%) | 22 | - [ 27 | A
*: Guaranteed by Design Engineering
@ Detector in LDOO
Table 4-10 Detection level of LDOO
Parameter | Symbol | Conditions | MIN [ TYP | MAX | Unit
DETOU
Detection voltage | VdOu | | 370 | 385 | 4.00 | V
DETOL
Detection voltage | VdoOl | | 3.000 | 3.081 | 3.164 | V

R02DS0017EJ0100 Rev.1.00
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& Detector in LDO1
Table 4-11 Detection level of LDO1

Parameter | Symbol | Conditions | MIN | TYP | MAX | Unit

DET1U

Detection voltage Vdlu 5.200 | 5.350 5.500 V
Release voltage Vrlu 5.100 | 5.250 5.400 \
DET1L1

Detection voltage Vdlll 4,500 | 4.625 4.750 \%
Release voltage Vrll 4.650 | 4.775 4.900 \
DET1L2

Detection voltage | Vdil2 | | 3.020 | 3.110 | 3.200 | V

Note: RSTB is low if DET1L2 is detected.

& Detector in TRACK1
Table 4-12 Detection level of TRAK1

Parameter | Symbol | Conditions | MIN | TYP | MAX | Unit
DETTRQ1U
Detection voltage | Vdtrlu | Based on VOUT1 104.0 | 107.0 | 110.0 %
Release voltage Vrtrlu | Based on VOUTL1 102.0 | 105.0 | 108.0 %
DETTRQIL

_ TRQLVSEL=0, Based on VOUT1 47.0 48.6 50.2 %

Detection voltage | Vdtrll TROLVSEL=L, Based on VOUTL 90.0 925 95.0 %
Detection voltage | Vrtrll | Based on VOUT1 93.0 95.5 98.0 %
DETTRQ1OC
Detection current | Idtrloc | | 230 | - | 700 | mA

@ Detector in TRACK2
Table 4-13 Detection level of TRACK?2

Parameter | Symbol | Conditions | MIN | TYP | MAX | Unit
DETTRQ2U
Detection voltage | Vdtr2u | Based on VOUT1 104.0 | 107.0 | 110.0 %
Release voltage Vrtr2u | Based on VOUTL1 102.0 | 105.0 | 108.0 %
DETTRQ2L
_ TRQLVSEL=0, Based on VOUT1 47.0 48.6 50.2 %
Detection voltage | Vdtr2l TROLVSEL=L, Based on VOUTL 90.0 925 95.0 %
Detection voltage | Vrtr2l | Based on VOUT1 93.0 95.5 98.0 %
DETTRQ20C
Detection current | Idtr2oc | | 230 | - | 700 | mA
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@ Detector in core voltage

Table 4-14 Detection level of core voltage

Parameter | Symbol | Conditions | MIN TYP | MAX | Unit
DETCOU1
Detection voltage | Vdcoul 1.50 1.55 1.60 V
Release voltage Vrcoul 1.42 1.48 1.53 \
DETCOU2
Detection voltage | Vdcou? | | 1.35 1.38 140 | V
LVCORE
Detection voltage | Vdcoll | | 1.10 1.13 115 | V
DETCOL
Detection voltage | Vdcol2 | | 090 | 095 | 100 | V

Notesl: RSTB is low if LVCORE is detected
2: The PMIC enters the power down sequence if DETCOL is detected

RO2DS0017EJ0100 Rev.1.00
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4.13. Temperature sensor

Temperature sensors are implemented in the PMIC.

4.13.1. Thermal shutdown

For product safety, thermal shutdown functions are implemented. Temperature sensors detect a voltage
corresponding to the internal temperature. When warning temperature is detected, INTOUT asserts low.
The temperature sensors are placed near by buck DCDC, and LDOL1. If one of these sensors detects
high junction temperature, INTOUT asserts low and the reset signal is released and the PMIC execute
power down sequence.

After the junction temperature goes down across the release temperature, the PMIC restarts in the power-

up sequence. Resuming TRACK1 and TRACK2 operation requires that VTPQLCNT and VTRQ2CNT are
1 due to initialize these registers.

Table 4-15 Thermal detection

Parameter Symbol | Conditions MIN TYP MAX | Unit
Warning temperature Twng 140 160 180
Shutdown temperature Tsd 160 180 200
Released temperature Trls 125 145 165 °C
Warning released Twrls 115 135 155
temperature

Note: Above values are guaranteed by Design Engineering.
Relationship of above temperature order maintains any time.

Temperature

Shutdown Temp.
Warning Temp.

Released Temp.
Warning released Temp.

|
T
Interrupt I i Interrupt conditions

k==

L (
1
1
1

Requlators | :\ |
1
Power down sequence ;

<—- ' Power up sequence

Figure 4-53 Thermal shutdown function

4.13.2. Register

The temperature setting of both detect and release can be changed. The shutdown temperature is fixed
at 180°C (TYP)

» Temperature setting
The below registers are secured registers. Enter “key” code, before entering this request. (Refer to
section 4.2.3))

B Address (SENTMP): 1EH

A5 A4 A3 A2 Al AO
0 1 1 1 1 0
B Register
D7 | D6 D5 | D4 D3 | D2 D1 DO
WARREL (1:0) | THREL (1:0) | WARDET (1:0) - -

R02DS0017EJ0100 Rev.1.00
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B Setting contents

WS‘? DET (Dléo) Warning temp. E;REL (1[')21) Shutdown release
0 0 170°C 0 0 155°C
0 1 160°C * 0 1 145°C *
1 0 150°C 1 0 135°C
1 1 140°C 1 1 125°C

* Default setting

WARREL (1:0)

Warning release

D7 D6
0 0 155°C
0 1 145°C
1 0 135°C *
1 1 125°C

* Default setting

* Default setting

RO2DS0017EJ0100 Rev.1.00
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4.14. Monitoring Function

The PMIC has monitoring functions.
The analog monitoring function is indicated internal analog voltages. The digital monitoring function is
monitoring digital output pins.

4.14.1. Internal analog voltage monitoring

The PMIC has an analog monitoring function and outputs the regulator level of the PMIC or internal
analog voltages with using operational amplifier. A MCU can read these analog voltages through its ADC.
Setting register controls output and channel.

— ] D AMUXIN1

D AMUXIN2

TEMP1 (Near buck DCDC)
TEMP2 (Near LDO1)
VDC (FBDC)

- VOuTo
MUXOUT [ _}—
. vouml

VTRQ1
VTRQ2
VINR
ENIG
VREF1

T

Multiplexer decoder

Figure 4-54 Diagram of analog monitoring

4.14.2. Digital output monitoring

The PMIC has a digital monitoring function and compares with output and control signal of digital output
buffer. If differentiation is detected, the PMIC makes INTOUT assert low.

The objective outputs are EXCNT1/2, SUSP, RSTB and BKCNT pins. INTOUT pin isn’t monitored. For
checking the operation of INTOUT, set the "DUMMY" bit of the interrupt.

EXCNT1/2, SUSP and BKCNT monitoring are started after 2us each changed, RSTB monitoring is
started after 100us.

Output signal—"—[>—"_|:| Digital output

Output buffer

Interrupt control

Figure 4-55 Diagram of digital monitoring
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4.14.3. Register
The operation setting for monitoring function is described in this section.

» Signal select
B Address (MUXCNT): 18H

A5 A4 A3 A2 Al A0
0 1 1 0 0 0

B Register
D7 D6 D5 D4 D3 | b2 | D1 | DO
- MUXCNT - - MUXSEL (3:0)

B Setting contents
This bit controls on/off control for the analog monitoring

Setting
1 0
MUXCNT | D6 On/Off control On Off *
* Default setting
These bits control the output channel. The analog monitoring outputs OV in the GND level. And
when the analog monitoring selects AMUXIN1/2 and over VOUT1 is input to AMUXIN1/2, MUXOUT
outputs VOUT1-0.2V.

Register name Control content

MUXSEL (3:0) Monitoring name
D3 D2 D1 DO
0 0 0 0 GND level*
0 0 0 1 VINR
0 0 1 0 ENIG
0 0 1 1 FBDC
0 1 0 0 VOUTO
0 1 0 1 VOUT1
0 1 1 0 VTRQ1
0 1 1 1 VTRQ2
1 0 0 0 VREF1
1 0 0 1 TEMP1 (Near Buck DCDC)
1 0 1 0 TEMP2 (Near LDO1)
1 0 1 1 AMUXIN1
1 1 0 0 AMUXIN2
1 1 0 1 GND level
1 1 1 0 GND level
1 1 1 1 GND level
* Default setting
4.14.4. Electrical characteristics
€ Input current
Parameter Symbol Conditions MIN TYP MAX | Unit
Input current lImux1/2 | AMUXIN1/2 - - 2.0 A
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€ Output voltage (4.9V < VOUT1 <5.1V)

stable time Co=50pF

Parameter | Symbol Conditions MIN TYP MAX Unit
. Selected VINR
Xinr (6.6V < VINR < 28.0V) 0.097 0.10 0.103 .
Selected ENIG 0.097 0.10 0.103
(6.6V < ENIG < 28.0V) ' ' '
XENIG | Selected ENIG
(heagar™ | | e | U
Xdc Selected FBDC (Vf)o?lcz)lz (VoDC)/2 (Vfc?.lcglz
Output XldoO | Selected VOUTO VL | voutoyz | VO
voltage Xidol | Selected VOUT1 (VOUTL2 | voutyyz | (VOUTLI2
Xtragl | Selected VTRQ1 (VO_E gé)/z (vouT1)/2 (v?ggé)/z
Xtrag2 | Selected VTRQ2 Voo | wourayz | VO v
Vref Selected VREF1 1.159 1.20 1.241
Selected temperature sensor
Votmpl @25°C (Near buck DCDC) 3.12 3.38 3.65
Selected temperature sensor
Votmp2 @25°C (Near LDO1) 3.12 3.38 3.65
. Selected AMUXIN1 VOUT1
input voltage | ™ | [MUXOUT-AMUXIN1| < 10mV 0.2 2.5 0.2
range . Selected AMUXIN2 VOUT1
XInZ 1 UXOUT-AMUXINZ| < 10mV. 0.2 2.5 0.2
Output Tsth * From SPICSB rising, i i 40 us

*: Guaranteed by Design Engineering

1
1
MUXOUT |
1
1
1
1

SPICSB I
SPICLK I l I | I

Figure 4-56 Output timing
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€ Output of temperature sensor
The outputs of temperature depend on the junction temperature. For reference, the output temperature
characteristic is shown in below figure.
The approximate equation of the output voltage is as follow. And output deviation is £315mV for every

temperature.

Votmpl/2=3.618-0.01*T (V) “T”: Junction temperature

Output Voltage (V)

4.5

4.0

3.5

3.0

2.5

2.0

1.5

-40 -20 o] 20 40 60 80 100 120 140 160

Junction Temperature (°C)

Figure 4-57 Output of temperature sensor
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5. Application Example

Below figures show typical application diagrams which contain elements around the PMIC.

Battery (12V) Backup-power

ouT

\ 4 BKCNT CNT
VINP1

VOUTLL |

VDDIO
COREMON [ ]

MUXOUT ADCA
SPICSB CSIHNCSSn
SPICLK CSIHNSCO
SPISDI CSIHNSO
SPISDO CSIHNSI
WDI GPION
INTOUT INTR
c3
amexepes (b ERROR ERROROUT
SUSP INTn
RSTB RESET
BSGATE
GPIOn
CSR VINPTRQ
CSGND
AMUXIN1/2 VTRQ1 —> RH850/P1x
AGND1~3 VTRQ2 I S
TEST1/2 EXCNT1/2 cé
;l/; ; 2.2F
RAA270005KFP C52.2pF
To control other devices

D M1FS4 (SHINDENGEN) L CLF6045T-4R7M or CLF6045NIT-4R7N (TDK)

C1, C2 GCM21BR71H105K (MURATA)
C3 GCM31CR71C475K (MURATA) C4 GCM21BR701J106K (MURATA) C5, C6 GCM21BR71C225K (MURATA)

C7 GCM188R71C104K (MURATA) C8 GCM219R71C105K (MURATA)

Figure 5-1 Applicaiton ciruit examplel (Boost DCDC non-use)

Note: This is a very simplified example of an application. The function must be verified in the real
application.
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Battery (12V)

Backup-power

ouT
h 4 BUFREF BKCNT CNT
c7
OLiE VINP1
VOUT1
o ¢ ENIG
>[ ]EN
VINR VDDIO
c2 VIN3V COREMON
IIJF;/;
VOUTO
C10
1m:;; MUXOUT ADCA
® I
VINPDC
c1 L 0] spicsB [ 1< CSIHNCSSN
1uF ; SPICLK [ ]« CSIHNSCO
SPISDI [ ]« CSIHNSO
FBDC
M SPISDO CSIHNSI
000 LX WDI GPION
D1
c3 INTOUT INTN
4.7uFX2pcs
ERROR ERROROUT
[ 1VINPBS
co p INT
10'[,2H o2 H1HR 1pF SUsS n
E%F RSTB RESET
—FR21@ [ 1BSGATE SPIoN
CSR VINPTRQ
CSGND
AMUXINL/2 VTRQ1 RH850/P1x
AGND1~3 VTRQ2
TEST1/2 EXCNTL1/2
RAA270005KFP i
To control other devices

D1 M1FS4 (SHINDENGEN)
L1 CLF6045T-4R7N (TDK)
C1, C2, C9 GCM21BR71H105K (MURATA)
C4 GCM21BR701J106K (MURATA)

C5, C6 GCM21BR71C225K (MURATA) C7 GCM188R71C104K (MURATA)

C8 EMVY500ADA470MF80G (NIPPON CHEMI-CON)  C10 GCM219R71C105K (MURATA)
TR RTRO30NO5 (ROHM)

D2 M1FM3 (SHINDENGEN) or RBO68MM-40(ROHM)
L2 CLF7045T-100M (TDK)
C3 GCM31CR71C475K (MURATA)

Figure 5-2 Application circuit example2 (Boost DCDC use)

Note: This is a very simplified example of an application. The function must be verified in the real
application.

R02DS0017EJ0100 Rev.1.00 Page 72 of 75

Apr. 9, 2018 RENESAS



RAA270005KFP

5.1. Layout guide lines

Important thing to consider the layout is component placement on the PCB. Take care following things
for PCB trace design.

€ For proper operation and to prevent EMI radiation, the freewheeling diode and inductor have to be
placed as close as possible to the PMIC. Also, the output capacitors have to be placed near by the
inductor.

€ The feedback trace of buck DCDC converter never crosses the inductor, and recommended
connection point is near output capacitor

€ For buck DCDC converter, GND connection of components is important. GNDs of input capacitor,
output capacitor, and freewheeling diode are connected to the same point.

€ For LDO, in order to avoid influence of stray resistance on the PCB, output capacitor has to be placed
as close as possible to the PMIC.

€ If application needs to apply power supply for multi devices, power distribution at output capacitor of
each regulator is recommended.

€ In order to maximum heat spread performance, the exposed pad on the backside of the package is
recommended to make soldering to GND plane.
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6. Electrical Characteristics

6.1. Recommended operating condition

Parameter Symbol Pin name MIN TYP MAX Unit
Input voltage VBAT | VINR, VINPDC 6.6 12.0 18.5 \Y
LDO power line VPLDO | VINP1, VINPTRQ 5.8 6.1 6.4 \Y
Digital 1/0 power VDDIO | VDDIO, VINPBS 3.0 5.0 55 \%
Circuit power line VIN3V | VIN3V 3.0 3.3 3.6 \Y%
6.2. Electrical characteristics
6.2.1. DC characteristics
# Digital input
DC characteristics of digital input pins are shown in the below table.
Parameter Symbol Pin name MIN TYP MAX Unit
High level input voltage 1 VIH1 ENIG 2.5 - - V
High level input voltage 2 VIH2 Below pin group | VDDIO*0.7 - - V
Low level input voltage 1 VIL1 ENIG - - 1.0 V
Low level input voltage 2 VIL2 Below pin group - - VDDIO*0.3 \
Pin group: EN, SPICSB, SPICLK, SPISDI, WDI and ERROR
@ Digital output
DC characteristics of digital output pins are shown in the below table.
Parameter Symbol Pin name MIN TYP MAX Unit
. Below pin group, N - -
High level output voltage 1 VOH1 IoH:2nF1)A group VDDIO*0.8 \Y
High level output voltage 2 VOH2 | BKCNT, loH=1mA VIN3V*0.8 - - V
High level output voltage 3 VOH3 | SPISDO, loH=5mA VDDIO*0.8 - - V
Below pin group, - - .
Low level output voltage 1 VOL1 IoL:-2r?1A group VDDIO*0.2 Y
Low level output voltage 2 VOL2 BKCNT, loL=-1mA - - VIN3V*0.2 Vv
Low level output voltage 3 VOL3 | SPISDO, loL=-5mA - - VDDIO*0.2 V
Low level output voltage 4 VOL4 RSTB, loL=-0.1mA - - 0.4 V
Pin group: INTOUT, SUSP and EXCNT1/2
€ Pull up/down resistance
Parameter Symbol Condition MIN TYP MAX Unit
Pull up resistor 1 Rpu | SPICSB 76 100 127 kQ
Pull up resistor 2 Rpurs | RSTB 2.6 3.3 4.2 kQ
Pull down resistor 1 RpdIG | ENIG 390 - - kQ
Pull down resistor 2 Rpd Below pin group 76 100 127 kQ
Pin group: EN, SPICLK, SPISDI, WDI and ERROR
€ Operating current (Non-load current on each regulator)
Parameter Symbol Condition MIN TYP MAX Unit
ENIG=0, EN=0,
Stand-by current loff 40 < Tj<85°C - 5.0 10 MA
Operating current 1 Idd1* | ENIG=1 or EN=1 - 2.4 4.5 mA
Operating current 2 Idd2* Edl + Tracker + i 5.4 14 mA
nalog monitor
Operating current 3 Idd3* | Idd2 + Boost DCDC - - 15 mA

* Except the e

xternal diode leakage current
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7. Package Information
NOTE)

1. DIMENSIONS “%1” AND “*2”
DO NOT INCLUDE MOLD FLASH

2.DIMENSION “+3” DOES NOT
Ho 4.1 INCLUDE TRIM OFFSET.
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Figure 7-1 Package
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4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
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Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user's manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
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7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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
and impractical, you are responsible for evaluating 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. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or
transactions.

10. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third
party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, 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.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

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