Automotive PMIC Series for Processors, FPGAs Applications

Configurable PMIC Including 4ch Switching
DCDC Regulators and 3ch LDOs

BD96801Q30-C
General Description Applications
BD96801Q30-C is an automotive grade configurable PMIC B Advanced Driver Assistance Systems (ADAS)
(Power Management Integrated Circuit) with supporting B Instrument Cluster Panel
Functional Safety features for application processors, SoCs B In-vehicle Infotainment Systems (IVI Systems)
and FPGAs.
It has a scalable approach of output currents and rails by using Key Specifications
internal MOSFET delivering up to 8 A output or using external B Input Voltage Range: 27Vto55V
Driver MOS with 40 A output. B BUCK1, BUCK2 Output Voltage Range
Single Phase Internal FET Mode: 0.5V t03.3V
Features Dual Phase Internal FET Mode: 05Vto1.2V
B AEC-Q100 Qualified™ote 1) DRMOS Mode: 05Vto1.0V
B SO 26262 Process Compliant to Support ASIL-D m BUCK1, BUCK2
m Ultra-high Buck Switching Frequency up to 4 MHz Output Current Built-in FET: 2 A (Max)
® Built-in MOSFETSs or External Driver MOS ®m BUCK3, BUCK4 Output Voltage Range
(BD96340MFF-C) Selectable for BUCK1 and BUCK2 Single Phase Mode: 05Vt03.3V
B Built-in MOSFETSs for BUCK3 and BUCK4 Dual Phase Mode: 05Vto1.2V
B Dual Phase Operation for BUCK1 and BUCK2 B BUCKS3, BUCK4 Output Current: 4 A (Max)
B Dual Phase Operation for BUCK3 and BUCK4 B Switching Frequency: 2.25 MHz, 4 MHz
B Remote Sensing for Accurate Voltage at the Point of ® [DOS5 Output Voltage Range: 03Vto33V
Load ® [ DOS5 Output Current: 300 mA (Max)
B Multipurpose LDO for LDOS5, LDO6 ® [ DOG6 Output Voltage Range: 03Vto33V
m Load Switch or LDO Selectable for LDO7 Output ® LDOG6 Output Current: 300 mA (Max)
B Programmable Power Sequencer by OTP (One-time B LDO7 Output Voltage Range: 03Vto33V
Programmable Memory), EEPROM, or I12C B LDO7 Output Current: 300 mA (Max)
B High Precision Built-in Supervision B Standby Current: 0 pA (Typ)
OVD (Over Voltage Detection), UVD (Under Voltage B Operating Ambient Temperature Range:
Detection), TW (Thermal Warning) -40 °C to +125 °C
B Built-in Protection
OVP (Over Voltage Protection), UVP (Under Voltage Packages W (Typ) x D (Typ) x H (Max)
Protection), TSD (Thermal Shutdown) UQFN48FV6060 6.0 mm x 6.0 mm x 1.0 mm
B Built-in UVLO (Under Voltage Lockout)
for VIN, PVIN1 to PVIN7, and VREG15IN Specia| Characteristics
B Built-in Digital Self-test mOutput Voltage :
for OTP, Power Sequence, and Detection (BUCK1, BUCK2, BUCK3, BUCK4, LDO5, LDOS,
B Built-in Analog Self-test for Detection LDO7)

B Built-in Self-test for Critical Signal Pins
(PRSTB, INTB_ADDPRSTB1, EN)

Built-in Mutual Monitoring of VREF and OSC
Q&A Watchdog Timer

I2C Support Fast Mode (Max 400 kHz) and

Fast Mode Plus (Max 1 MHz) with CRC
(Note 1) Grade1

Typical Application Circuit
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OProduct structure : Silicon integrated circuit OThis product has no designed protection against radioactive rays.
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Pin Configuration
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Figure 1. Pin Configuration
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Pin Descriptions

Table 1. Pin Descriptions

il Pin Name Function When e
No. in use
IF1 or ADD_EN1 selectable by (3Eh) ADD_EN1 register.

IF1 function is selected when ADD_EN1 is 00h.
Dedicated clock pin for communication between
1 IF1_ADDEN"1 BD96801Qxx-C and BD96802Qxx-C. GND.
ADD_EN1 function is selected when ADD_EN1 is not 00h.
Additional enable function pin for ADD_EN1 channels set by register.
This pin has typical 10 ys de-bounce time when ADD_EN1 mode.
2 IE2 Dedicated data pin for communication between BD96801Qxx-C and GND.
BD96802Qxx-C.
3 VREG15 Output pin for VREG15 (LDO). -
4 VREG15IN 1.5 V power supply pin. Connect to the VREG15 output. -

5 SDA Serial interface data input and output pin for I2C access. E;igr?tgrvl:l)lllel.l
6 SCL Serial interface clock input and output pin for I12C access. ﬁgr?tgrvﬁ’rllel.l
Enable input pin. This pin has typical 10 ys de-bounce time.

7 EN Regarding the relationship between STBY and EN, refer to explanation of | VIN.
the STBY pin.
INTB or ADD_PRSTB1 selectable by the (3Dh) ADD_PRSTB1 register.
INTB function is selected when ADD_PRSTB1 is 00h.
Open-drain interrupt signal pin. This pin is active low.
8 INTB_ADDPRSTB1 | ADD_PRSTB1 is selected when ADD_PRSTB1 is not 00h. OPEN.
Open-drain power good reset signal pin of ALWAYS_ON, ADD_EN1,
or ADD_EN2 channels which is selected by the ADD_PRSTB1
register. This pin is active low.
SYNC or ADD_EN2 selectable by (3Fh) ADD_EN2 register.
SYNC function is selected when ADD_ENZ2 is 00h.
Synchronize the DCDC switching frequency with the external clock.
9 SYNC_ADDEN2 | i etion is selected when ASD_EI\SI,Z is not 00h. OPEN.
Additional enable function pin for ADD_EN2 channels set by register.
This pin has typical 10 ys de-bounce time when ADD_EN2 mode.
10 VIN System power supply pin. VIN.
11 DREN1 Enable output pin for Driver MOS connected to BUCK1. OPEN.
12 PWMA1 PWM output pin for Driver MOS connected to BUCK1. OPEN.
13 FBP1 Positive remote sense input pin for BUCK1. OPEN or GND.
14 FBN1 Negative remote sense input pin for BUCK1. GND.
Power supply pin for BUCK1 power MOSFET.
15 PVINT Connect t%ptti/epsame voltage gs VIN. VIN.
SW1 or ISENSE1 is selected by (OAh) BUCK1_IntFET.
SW1 is selected when BUCK1_IntFET is 1.
16 SW1_ISENSE1 Switch pin for BUCK1 internal FET mode. OPEN.
ISENSE1 is selected when BUCK1_IntFET is O.
Output current sense input pin for BUCK1 Driver MOS mode.
17 PGND12 Power GND for BUCK1 and BUCK2. GND.
SW2 or ISENSE1 is selected by (0Ah) BUCK2_IntFET.
SW2 is selected when BUCK2_IntFET is 1.
18 SW2_ ISENSE2 Switch pin for BUCK2 internal FET mode. OPEN.
ISENSE?2 is selected when BUCK2_IntFET is 0.
Output current sense input pin for BUCK2 Driver MOS mode.
19 PVIN2 Power supply pin for BUCK2 power MOSFET. VIN.
Connect to the same voltage as VIN.
20 FBN2 Negative remote sense input pin for BUCK2. GND.
21 FBP2 Positive remote sense input pin for BUCK2. OPEN or GND.
29 TSENSE1 [B)[ij\(/:e&:\flos Die temperature monitoring pin for Driver MOS connected to OPEN.
23 TSENSE2 [B)B\géyos Die temperature monitoring pin for Driver MOS connected to OPEN.
24 GATE7 Control Gate of External PMOS SW for LDO?7. OPEN.
25 PWM2 PWM output pin for Driver MOS connected to BUCK2. OPEN.
26 DREN2 Enable output pin for Driver MOS connected to BUCK2. OPEN.
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U Pin Name Function When e
No. in use
27 PVIN7 Power supply pin for LDO7 power MOSFET. OPEN.
28 VOUT7 Output pin for LDO7. OPEN.
29 PVING Power supply pin for LDO6 power MOSFET. OPEN.
30 VOUT6 Output pin for LDO6. OPEN.
31 GND GND. GND.
32 VOUT5S Output pin for LDOS5. OPEN.
33 PVIN5S Power supply pin for LDO5 power MOSFET. OPEN.
Stand-by request input pin. This pin has typical 10 ys de-bounce time.
When the STBY pin is active (high), then PMIC enters STANDBY state as
soon as PMIC is disabled (EN = L). When PMIC is re-enabled (EN = H)
while being in STANDBY state, PMIC will not re-run PMIC system checks
and initialization (BIST, OTP READ, EEP READ etc.).
34 STBY If STANDBY state is inhibited by keeping the STBY pin low, PMIC will first | VIN.
execute PMIC system checks and initialization as soon as it is enabled
(STBY =L, EN =H).
Note, that some PMIC registers can be modified via I°C commands only
when PMIC is in STANDBY state.
For more details, please refer to Figure 5. Main State Machine.
35 PRSTB Open-drain reset signal output pin for SoC / FPGA. This pin is active low. | OPEN.
ERRB or ADD_PRSTB2 selectable by the (3Dh) ADD_PRSTB2 register.
ERRB function is selected when ADD_PRSTB2 is 00h.
Open-drain error signal pin. This pin is active low.
36 ERRB_ADDPRSTB2 | ADD_PRSTB2 is selected when ADD_PRSTB2 is not 00h. OPEN.
Open-drain power good reset signal pin of ALWAYS_ON, ADD_ENT1,
or ADD_EN2 channels which is selected by the ADD_PRSTB2
register. This pin is active low.
37 FBP3 Positive remote sense input pin for BUCKS3. OPEN or GND.
38 FBN3 Negative remote sense input pin for BUCKS3. GND.
39 PVIN3 Power supply pin for BUCK3 power MOSFET. VIN.
Connect to the same voltage as VIN.
40 SW3 Switch pin for BUCKS3. OPEN.
41 SW3 Switch pin for BUCKS3. OPEN.
42 PGND34 Power GND for BUCK3 and BUCKA4. GND.
43 PGND34 Power GND for BUCK3 and BUCKA4. GND.
44 SW4 Switch pin for BUCK4. OPEN.
45 SW4 Switch pin for BUCK4. OPEN.
46 PVIN4 Power supply pin for BUCK4 power MOSFET. VIN.
Connect to the same voltage as VIN.
47 FBN4 Negative remote sense input pin for BUCK4. GND.
48 FBP4 Positive remote sense input pin for BUCK4. OPEN or GND.
EXP-PAD
- (CENTER) GND. GND.
EXP-PAD GND.
) (CORNER) Connect to floating PCB pattern or GND PCB pattern. OPEN or GND.
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Block Diagram

BD96340MFF-C
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Figure 2. Block Diagram and an Example of External Component
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Block Diagram — continued

LDO7 / LDSW7 LDO7 / LDSW7
(0.3A) (0.3A)
UVLO_PVIN UVLO_PVIN
VOouT7
(LDO7) (LDO7)
OCP H ovpP GATE7 OCP H OovpP 1:
ovD uvp ovD uvp
(Internal FET
uvD SHDWN LDSW?7 mode) uvD SHDWN
(LDSW7) (LDSW7)
uvD uvp uvD uvp
SHDWN SHDWN

Description of Blocks

General Block

Figure 3. LDSW7 Mode Connection

Table 2. General Blocks Description

Name Description
VREG15_1 Internal Regulator. This is also used as internal reference.
VREG15_2 Internal Regulator for monitoring VREG15_1.
OSC_BUCK Internal Oscillator for BUCK1 to BUCK4.
OSC_CTRL Internal Oscillator for Control Block.
SYNC When external clock is input to the SYNC_ADDEN2 pin, BUCKSs switching frequency is

synchronized.

BUCK1 to BUCK4

Step-down Regulator Control.

LDOS5, LDO6 LDO Control.
LDO7 LDO Control / Load Switch Control.
Sequence Erotection, Sequerjce, Register getting, and Interface Control Block.
efer to each section for protection control.
OoTP One-time Programmable Memory.
WDT Q&A or IF watchdog timer used to monitor an external processor, SoC or FPGA.
SHDWN Output voltage comparator for Power OFF detection.
PRSTB_TEST Using for system BIST. When (register 3Bh) PRSTB_MANUAL = 0, the PRSTB pin is forced L.
INTB TEST Using for system BIST. When (register 3Bh) INTB_MANUAL = 0, the INTB_ADDPRSTB1 pin is

forced L.
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Description of Blocks — continued

Protect and Warning Block

Table 3. Protection and Warning Block Description

Name Description
UVLO VIN L Lower threshold Under Voltage Lockout for VIN.
- = When UVLO_VIN_L is detected, internal block will shutdown and all register data are cleared.
UVLO VIN H Higher threshold Under Voltage Lockout for VIN.
- = When UVLO_VIN_H is detected for 10 ys, VOUT1 to VOUT7 will shutdown.
UVLO_VREG15IN_1
Under Voltage Lockout for VREG15IN. 1 and 2 are multiplexing.
UVLO_VREG15IN_2
OVLO_VIN Over Voltage Lockout for VIN.
OTP_ERR Digital Built-in self-test for OTP block. ECC for OTP data.
DBIST_ERR Digital Built-in self-test for Control Block.
EEP_ERR CRC error detection for EEPROM data.
ABIST_ERR Analog Built-in self-test for UVD, OVD, and TW.
In ACTIVE state, when the PRSTB pin is forced L from outside for 10 us, error is detected. For
PRSTB_ERR example, in case of PMICs combination mode, when only other PMIC detects an error and
outputs the PRSTB pin low, this error is detected.
After the DREN1 or DREN2 outputs high by PMIC, when the DREN1 or DRENZ2 pin is forced L
DRMOS_ERR from outside, error is detected immediately. For example, when DRMOS detects internal OCP,
DRMOS outputs DREN low, and PMIC detects the DRMOS error.
VREF ERR Monitoring the difference of the voltage between VREG15_1 and VREG15_2.
- When the difference is typical 3 % or more, error is detected.
TSD Latch-type Thermal Shutdown protection.
OSC_ERR Monitoring the OSC_BUCK and OSC_CTRL while EN = H.
PON ERR Monitoring the completion of all VOUT power-on in POWER_ON state within the time set by
- PON_OVERTIME in resister 3Ah.
POFF ERR Monitoring the completion of all VOUT power-off in POWER_OFF1 and POWER_OFF2 state
- within the time set by POFF_OVERTIME in resister 3Ah.
Under Voltage Lockout for PVIN1 to PVIN7.
UVLO_PVIN When the PVIN voltage is under threshold for 7 ys, the UVLO_PVINx_STAT (x: 1 to 7) register
becomes 1. The error channel and the same group channels will shutdown.
Over Voltage Protection for BUCK1 to BUCK4 and LDO5 to LDO?7.
When the voltage reaches OVP threshold, the XXX_OVP_STAT register becomes 1 and the
OVP ERRB is L asserted immediately. (XXX: BUCK1 to BUCK4 and LDO5 to LDO7)
If the over voltage continues for 10 us, the error channel and the same group channels will
shutdown.
Under Voltage Protection for BUCK1 to BUCK4 and LDO5 to LDO?7.
When the voltage reaches UVP threshold, the XXX_UVP_STAT register becomes 1 and the
UVP ERRB is L asserted immediately. (XXX: BUCK1 to BUCK4 and LDO5 to LDO7)
If the under voltage continues for 1 ms, the error channel and the same group channels will
shutdown.
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Protection and Warning Block - continued

Name

Description

OCPH

High-side Over Current Protection for BUCK1 to BUCK4 (internal FET mode) and LDOS5 to LDO?7.
The threshold is selectable by register.

In case of BUCK1 to BUCK4 internal FET mode.

When bit SHD_INTB in register 20h is set to 0, the PMIC continues switching even when OCPH is detected.
However, the on-time is decreased such that the switch peak current does not exceed the OCPH threshold.
Consequently, also the output voltage will gradually decrease.

OCPH is detected

OCPH threshold

SW_current

SW_voltage [ [ [ [ | [

After OCPH detection, PMIC starts to count the number of consecutive normal switching cycles that don’t
trigger OCPH. If OCPH is detected again, the counter is cleared. When the counter is smaller than 8 after 10
s since the 15t OCPH detection, the BUCKx_OCPH_STAT (x: 1 to 4) register becomes 1.

In addition, when bit SHD_INTB in register 20h is set to 1 and 8 times consecutive normal switching cycles
have not occur after 512 ps since the 1t OCPH detection, the error channel and the same group channels
will shutdown.

The BUCK OCPH threshold is not average current, but inductor peak current.
The average current is calculated by below.

1  ochH threshoig - N = VOUT) xvouT
average — TESNO) 2XLXfswxVIN

In case of LDO5 to LDO?7.

When a LDO OCPH is detected, the output current is limited.

If OCPH detection is continuing for 10 ps, the LDOx_OCPH_STAT (x: 5 to 7) register becomes 1.
In addition, if the detection continue for 512 s, the error channel and the same group channels will
shutdown when the register 20h SHD_INTB = 1.

In case of BUCK1 and BUCK2 dual phase Driver MOS mode.

The BUCKx_OCPH_STAT (x: 1 to 2) register means detection of current difference between DRMOS1 and
DRMOS2.

When the SW1_ISENSE1 pin voltage is typical 775 mV larger than the SW2_ISENSE2 pin voltage, current
difference is detected. If the detection continue for 10 ps, the BUCK1_OCPH_STAT register becomes 1.
When the SW2_ISENSEZ2 pin voltage is typical 775 mV larger than the SW1_ISENSE1 pin voltage, current
difference is detected. If the detection continue for 10 ys, the BUCK2_OCPH_STAT register becomes 1.

In addition, if the detection continue for 512 ps, the error channel and the same group channels will
shutdown when the register 20h SHD_INTB = 1.

OCPL

Low-side Over Current Protection for BUCK1 to BUCK4 (internal FET mode).

Typical 6.2 A for BUCK1 to BUCK2. Typical 10.2 A for BUCKS3 to BUCK4.

When OCPL is detected, the SW ON will be skipped.

If 8 times normal switching don’t continue for 10 ps, the BUCKx_OCPL_STAT (x: 1 to 4) register becomes 1.
In addition, if 8 times normal switching don’t continue by 512 ps, the error channel and the same group
channels will shutdown when the register 20h SHD_INTB = 1.

In case of BUCK1 and BUCK2 dual phase Driver MOS mode.

The BUCKx_OCPL_STAT (x: 1 to 2) register means detection of current difference between DRMOS1 and
DRMOS2.

When the SW1_ISENSE1 pin voltage is typical 500 mV smaller than the SW2_ISENSE?2 pin voltage, current
difference is detected. If the detection continue for 10 s, the BUCK1_OCPL_STAT register becomes 1.
When the SW2_ISENSE2 pin voltage is typical 500 mV smaller than the SW1_ISENSE1 pin voltage, current
difference is detected. If the detection continue for 10 s, the BUCK2_OCPL_STAT register becomes 1.

In addition, if the detection continue for 512 ps, the error channel and the same group channels will
shutdown when the register 20h SHD_INTB = 1.
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BD96801Q30-C Datasheet
Protection and Warning Block - continued
Name Description
Negative Low-side Over Current Protection for BUCK1 to BUCK4 (internal FET mode).
Typical -3.1 A for BUCK1 to BUCK2. Typical -6.2 A for BUCK3 to BUCK4.
When OCPN is detected, the SW is set to High to reduce negative current.
OCP N If 8 times normal switching don'’t continue for 10 ps, the BUCK1_OCPN_OCPEXT_STAT,
BUCK2_OCPN_OCPEXT_STAT, BUCK3_OCPN_STAT, or BUCK4_OCPN_STAT register
becomes 1.
In addition, if 8 times normal switching don’t continue by 512 ps, the error channel and the same
group channels will shutdown when the register 20h SHD_INTB = 1.
Over Current Protection for BUCK1 to BUCK2 when Driver MOS using.
When the SW1_ISENSE1 or SW2_ISENSEZ2 pin voltage is over the OCP threshold voltage
selected by the BUCK1_EXT_OCP or BUCK2_EXT_OCP register for 10 us, the
BUCK1_OCPN_OCPEXT_STAT or BUCK2_OCPN_OCPEXT_STAT register becomes 1.
When the register 20h SHD_INTB = 1 and detection continues for 512 us, the error channel and
the same group channels will shutdown.
OCP EXT DRMOS outputs ISENSE voltage which is ISENSE gain times the average current.
The OCP current threshold is calculated by threshold voltage and ISENSE gain.
OCP current threshold = threshold voltage ~ ISENSE gain
For ISENSE gain, refer to DRMOS specification. For example, ISENSE gain of BD96340MFF-C is
2.13 p times R_ISET which is the resistor connected to the ISET pin of BD96340MFF-C.
Over Voltage Detection for VOUT1 to VOUT?7.
OVD has mask time selected by the OVD_MASK_TIME register.

ovD When over voltage is detected longer than OVD_MASK_TIME, the XXX_OVD_STAT register
becomes 1. (XXX: BUCK1 to BUCK4 and LDOS to LDO7)

When the register 20h SHD_INTB = 1 and OVD is detected for 512 us, the error channel and the
same group channels will shutdown.

Under Voltage Detection for VOUT1 to VOUT7.

UVD has mask time selected by the UVD_MASK_TIME register.

When over voltage is detected longer than UVD_MASK_TIME, the XXX_UVD_STAT register
becomes 1. (XXX: BUCK1 to BUCK4 and LDOS to LDO7)

UVD In case of BUCK1 to BUCK4 or LDO5 to LDOY7:

When the register 20h SHD_INTB = 1 and UVD is detected for 512 ys, the error channel and the
same group channels will shutdown.
In case of LDSW?7:
When the register 20h SHD_INTB = 1 and UVD is detected for 256 us, the error channel and the
same group channels will shutdown.
Thermal Warning for Driver MOS or each internal Power MOSFET of BUCK.
TW_CH has mask time selected by the TW_MASK_TIME register.
TW CH When thermal warning is detected longer than TW_MASK_TIME, the XXX_TW_CH_STAT register
- becomes 1. (XXX: BUCK1 to BUCK4)
When the register 20h SHD_INTB = 1 and TW_CH is detected for 512 ps, the error channel and
the same group channels will shutdown.
Thermal Warning in the center of die chip.
TW has mask time selected by the TW_MASK_TIME register.

TW When thermal warning is detected longer than TW_MASK_TIME, the TW_STAT register becomes
1. When the register 20h SHD_INTB = 1 and TW is detected for 512 ps, all channels will
shutdown.

12C ERR I2C error checking. Mode is selectable by the CRC_ON register.
- When 12C communication CRC error occurs, the 12C_INT_STAT register becomes 1.
WDT ERR Watch Dog Timer error. Refer to WDT section.
- When WDT error occurs, the WDT_INT_STAT register becomes 1.
IF1 and IF2 communication error checking.
When continuous 15 times communication error occurs, the CHIP_IF_ERR_STAT register
CHIP IF ERR becomes 1 and all channels will shutdown. _

- = If (39h) CHIP_IF_SHD_OFF = 1, the CHIP_IF_ERR_STAT register doesn't become 1, the
ERRB_ADDPRSTB2 (ERRB mode) pin doesn't become low, and any channel don't shutdown by
this error.

CHIP IF INT IF1 and IF2 communication CRC error checking.

- = When IF1 and IF2 communication CRC error occurs, the CHIP_IF_INT_STAT register becomes 1.
When PRSTB_WDT_TO = 1, if a control device cannot control WDT enable with in timeout time
from PRSTB H de-assertion, the PRSTB_WDT_ERR_STAT register becomes 1 and system be

PRSTB_WDT_ERR | shutdown.
The kind of PRSTB signal is selected by the PRSTB_WDT register.
The time of timeout is selected by the PRSTB_WDT_TO_SEL register.
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BD96801Q30-C Datasheet

Description of Blocks — continued
Protection Control
The following describes the behavior of PMIC when an error or warning occurs.

Table 4. Protection and Warning Behavior

. Each Power channel and PRSTB behavior Register Pin behavior
runeten ang”PcI:?gsTB ey Selmoet?;:z)l?[:| i aS%ePngr-[)Ep Reset ERRB | INTB
UVLO_VREG15IN_1 OFF - - - Reset H H
UVLO_VREG15IN_2 | OFF - - - Reset H H
UVLO_VIN_L OFF - - - Reset H H
UVLO_VIN_H OFF - - - - L -
OVLO_VIN OFF - - - - L -
OTP_ERR OFF - - - - L -
DBIST_ERR OFF - - - - L -
EEP_ERR OFF - - - - L -
ABIST_ERR OFF - - - - L -
PRSTB_ERR OFF - - - - L -
DRMOS_ERR OFF - - - - L -
VREF_ERR OFF - - - - L -
TSD OFF - - - - L -
OSC_ERR OFF - - - - L -
PON_ERR OFF - - - - L -
POFF_ERR OFF - - - - L -
CHIP_IF_ERR OFF - - - - L -
PRSTB_WDT_ERR OFF - - - - L -
UVLO_PVIN - OFF(2) - L -
OVP - OFF(2 - L -
UVP - OFF(2 - L -
OCPH - - - L
OCPL - - - L
OGP N - CONTINUE - - ]
OCP EXT i i - : L
OVvD - - - L
uvD - - - L
TW_CH - - - L
w comeE |- - - - D
WDT_ERR - - - - - - L
12C_ERR - - - - - - L
CHIP_IF_INT - - - - - - L

(*1) When each interrupt event is detected, it is selectable in either CONTINUE (20h, SHD_INTB = 0) or OFF (20h, SHD_INTB = 1).
(*2) When the error CH becomes OFF, also the same group channels (1Dh to 20h registers setting) become OFF.
If Always ON, normal EN, ADD_EN1, and ADD_EN2 channels are same group, the group OFF is difference from this table.
Refer to Table 5.

ERRB and INTB are active low.
ERRB is OR of L (active low) of the registers “Detect to ERRB”. INTB is OR of L (active low) of the registers “Detect to INTB”.
Each factor of INTB or ERRB can be masked by resister setting.
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BD96801Q30-C

Datasheet

Protection Control - continued

When the group setting is same and EN signal is different, the group OFF is represented by this table.

When the always ON or normal EN channel error is detected, all channels become OFF.

When the ADD_EN1 or ADD_ENZ2 channel error is detected, only ADD_EN1 or ADD_EN2 channels becomes OFF.

Table 5. Protection behavior when the group setting is same and EN signal is different

Before Always ON EN channel ADD_EN1 ADD_EN2
channel channel channel

Error channel Error Error

Error Error

Always ON channels ON OFF OFF CONTINUE CONTINUE
EN channels ON/OFF OFF OFF CONTINUE CONTINUE
ADD_EN1 channels ON/OFF OFF OFF OFF CONTINUE
ADD_EN2 channels ON/OFF OFF OFF CONTINUE OFF

OVP detection time > 10 ys

UVP detection time > 1 ms

channel group
shutdown signal

.- ------ Overa" system ------------------------------------ ]
. MASK '
N (Event Register + 17h) ’ : \ ERRB
' '
. ; system .
L] shutdown signal [] BUCK2
' A ]
' 52h . BUCK3
' 53h 51h[0] '
54h[6:0]
' —oh . LDO7
' ]
' TW_STAT 54h(7] '
' SHD_INTB '
' TW detection time > 512 ps L]
' MASK ' INTB
' 73h '
' ]
J '
------------------------------------------------------ BUCK2
BUCK3
LDO7
'- ----- Channel (e.g. BUCK].) ---------------------------------- P oooccsoscseae .
. MASK '
' 6Ch j ) '
. L}
. L}
. .
' '
' 55h[0] (UVLO_PVIN) :
' 51h[1]
' 55h[1] (OVP) 5Bh '
L}
. 55h[2] (UVP) :
.
MASK '
’ 5Dh 55h[7
' SHD_INTB Ul 74h .
] 5Dh event detection time > 512 s :
'
. L}
. L}
. .
' '
. L}
. .
. .
. L}
. L}
. .
-

Figure 4. ERRB and INTB
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BD96801Q30-C Datasheet

Absolute Maximum Ratings

Parameter Symbol Rating Unit
VN, Vrvint, VeviNg, VPviNg, VPVINg
Supply Voltage1 (same voltage) -0.3t0 +6.0 V
Supply Voltage2 Vpvins, VPviNe, VPVINT -0.3 to +6.0 \%
VReG15, VREG15IN -0.3t0 +2.0 \Y,
Vspa, VscL -0.3 to +6.0 \%

VEN, Vsync ADDEN2, VsTBY,
VpPrsTB, VINTB_ADDPRSTB1,
VERRB_ADDPRSTB2, -0.3 to VIN+0.3 \%
V/TSENsE1, VTSENSE2,
VIF1_ADDEN1, VIF2

Vpwm1, Vsw1_isense1, VDREN1, 0.3 to PVIN1+0.3 \V;
Input or Output Voltage Vewm2 \>/ST/;3:1|,SZ\AFSBE’\‘21 VDREN2
’ Vegre, VFBNZ‘ ’ -0.3 to PVIN2+0.3 \Y
Vsws, Vrepr3, VFBN3 -0.3 to PVIN3+0.3 \Y
Vswa, VFer4, VFBN4 -0.3 to PVIN4+0.3 \Y%
Vours -0.3 to PVIN5+0.3 \Y
Vours -0.3 to PVING+0.3 \Y
Vout7, Vearer -0.3 to PVIN7+0.3 \Y
Maximum Junction Temperature Tjmax +150 °C
Storage Temperature Range Tstg -55 to +150 (Note 1) °C

Caution 1: Operating the IC over the absolute maximum ratings may damage the IC. The damage can either be a short circuit between pins or an open circuit
between pins and the internal circuitry. Therefore, it is important to consider circuit protection measures, such as adding a fuse, in case the IC is
operated over the absolute maximum ratings.

Caution 2: Should by any chance the maximum junction temperature rating be exceeded the rise in temperature of the chip may result in deterioration of the
properties of the chip. In case of exceeding this absolute maximum rating, design a PCB with thermal resistance taken into consideration by increasing
board size and copper area so as not to exceed the maximum junction temperature rating.

(Note 1) Operation is not guaranteed.

Thermal Resistance Note 2)

Parameter Symbol Thermal Resistance (Typ) Unit
1g(Note 4) ‘ 252p(Note 5)
UQFN48FV6060
Junction to Ambient B.a 85.0 35.1 °C/W
Junction to Top Characterization Parameter(Vote 3) Yyt 13 11 °C/W

(Note 2) Based on JESD51-2A(Still-Air).

(Note 3) The thermal characterization parameter to report the difference between junction temperature and the temperature at the top center of the outside surface
of the component package.

(Note 4) Using a PCB board based on JESD51-3.

(Note 5) Using a PCB board based on JESD51-5, 7.

Layer NupeNef Material Board Size
Measurement Board
Single FR-4 114.3 mm x 76.2 mm x 1.57 mmt
Top
Copper Pattern Thickness
Footprints and Traces 70 pm
Layer Number of Material Board Size Thermal ViaNote 6)
Measurement Board Pitch Diameter
4 Layers FR-4 114.3mm x 76.2mm x 1.6mmt 1.20 mm @0.30 mm
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and Traces 70 um 74.2 mm x 74.2 mm 35 um 74.2 mm x 74.2 mm 70 um

(Note 6) This thermal via connect with the copper pattern of layers 1,2, and 4. The placement and dimensions obey a land pattern.
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Datasheet

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit

Power Supply Voltage1 VN, Vpvint, Vevinz, VeviNg, VPviNg 2.7 3.3 55 \Y

Power Supply Voltage2 Vpvins, VpPvine 1.76 3.30 5.50 \Y

Power Supply Voltage3 Vpevin7 (LDO) 1.76 3.30 5.50 Y

Power Supply Voltage4 Vpvin7 (Load SW) 2.7 3.3 5.5 \Y

Operating Temperature Topr -40 +25 +125 °C

Operating Junction Temperature Tj -40 +25 +150 °C
Voltage and MODE Setting by OTP

(BUCK1, BUCK2) EN/
Channel Voltage [V] or Enable / | Single / IntFET/ Driver MOS ALWAYS_ON /
(LDO7) LDSW mode | Disable Dual (LDSW7) ADD_EN1/
IntFET / EXtFET ADD, B2
BUCK1 1.8 Enable . IntFET EN
Single
BUCK2 1.35 Enable IntFET EN
BUCK3 1.0 Enable . - EN
Single

BUCK4 3.3 Enable - EN

LDO5 1.2 Enable - - EN

LDO6 2.5 Enable - - EN

LDO7 3.3 Enable - - EN

PRSTB - - - - EN
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BD96801Q30-C Datasheet

Electrical Characteristics
(Unless otherwise specified Tj = -40 °C to +150 °C, Vin / Vpvini to Vpviny = 5 V)

Parameter Symbol Min Typ Max Unit Conditions

[General]

EN=L,STBY =1L,

VIN and PVIN1 to PVIN7
EN =L, STBY =H,

VIN and PVIN1 to PVIN7
EN=H, STBY =H,

VIN Total Current 3 IviNg - 8.2 25 mA | No switching, No load,
VIN and PVIN1 to PVIN7

VIN Total Current 1 Ivin - 0 200 MA

VIN Total Current 2 Ivinz - 3.5 12 mA

UVLO_VREG15IN

Detect Voltage VUuvLO_VREG15IN 1.15 1.20 1.25 \% VREG15IN: Sweep down
g;//sljt(e)@\ézli/?):tggl\é VUVLO_VREG15IN_Hys - 0.2 - \% VREG15IN: Sweep up
\%It_a%_eVIN_L Detect Vuvio L 221 | 230 | 239 | V |VIN: Sweep down
\lic\)/llt_a%EVIN_L Hysteresis VUvLO_L_Hys - 0.09 - \% VIN: Sweep up
\L/’c\)/l't-aoggv'N—H Detect Vuvio H 250 | 255 | 260 | V | VIN: Sweep down
\L;c\)/llt_aOg_eVIN_H Hysteresis VuvLo_H_Hys - 0.07 - V VIN: Sweep up
%;35\"” Threshold Voo 570 | 58 | 600 | V | VIN:Sweepup
%taogévm Hysteresis VovLo, Hys ; 0.08 ; V| VIN: Sweep down
VREG15 Output Voltage Vreats 1521 | 1536 | 1551 | V

Switching Frequency fsw 2.025 2.250 2.475 MHz (SOV(\:/?:REQ = 00b
SYNC Frequency Range fsvne 405 | 450 | 495 | MHz g’v?/E)FREQ 006
SYNC Input Duty Range Dsyne 45 50 55 %

Temperatures above
TSD Detect Temperature Trtsp - 175 - °C | 150 °C are only allowed
for short periods

TSD Hysteresis

Temperature Trsp_Hys } 15 - C
TW Detect Temperature Trw 131 140 149 °C
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© 2020 ROHM Co., Ltd. All rights reserved. 15/71 TENTATIVE

TSZ22111 « 15« 001 5.Apr.2024 Rev.001


http://www.rohm.com/

BD96801Q30-C Datasheet

Electrical Characteristics — continued
(Unless otherwise specified Tj = -40 °C to +150 °C, Vin / Vpevini to Vpyiny = 5 V)

Parameter Symbol Min Typ Max Unit Conditions
[CTRL] (STBY, SYNC, EN,
ADD_EN1(", ADD_EN2)
CTRL Input Voltage Low ViL_cTRL -0.3 - +0.5 \%
CTRL Input Voltage High ViH_cTRL 1.2 - VIN+0.3 \Y,
CTRL Pull Down Resistance RiN_cTRL 40 100 160 kQ
[12C] (SDA, SCL)
I°C Input Voltage Low ViL_i2c -0.3 - +0.5 Y,
12C Input Voltage High ViH_i2c 1.2 - VIN+0.3 \Y,
I2C Input Current IIN_i2c -1 0 +1 MA | Vspa=VscL=3.3V
I°C Output Voltage Low VoL_spa -0.3 - +0.4 \Y lload = -20 mA
[Open Drain Pin]
(PRSTB, ERRB, INTB,
ADD_PRSTB1, ADD_PRSTB2)
Open Drain Output Voltage Low VoL_op - - +0.7 \% lload = -3 mA
Pull Up Voltage Range Vpu 1.2 - VIN \Y,
[IF Pin] (IF1(2), IF2)
IF Input Voltage Low ViLiF -0.3 - +0.5 \%
IF Input Voltage High ViH_IF 1.2 - VIN+0.3 \Y,
IF Input Current IIN_IF -1 0 +1 MA | VF=33V
IF Output Voltage Low VoL_IF -0.1 - +0.1 \% lload = -3 mA
(*1) When ADDEN1 function is selected from the IF1_ADDEN1 pin.
(*2) When IF1 function is selected from the IF1_ADDEN1 pin.
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Datasheet

Electrical Characteristics — continued

(Unless otherwise specified Tj = -40 °C to +150 °C, Vin / Vpevini to Vpyinz = 5 V)

Parameter Symbol Min Typ Max Unit Conditions
[BUCK1 to BUCK4
(Internal FET mode)]
DC Output Voltage BUCK1 Veuckt 1778 | 1.800 | 1.822 | V | (21h)BUCK1_INI_VOUT = CEh
DC Output Voltage BUCK2 Veuckz 1333 | 1.350 | 1.367 | V | (22h) BUCK2_INI_VOUT = AAh
DC Output Voltage BUCK3 Veucks 0.988 | 1.000 | 1.012 | V |(23h)BUCK3_INI_VOUT = 64h
DC Output Voltage BUCK4 Veucks 3260 | 3.300 | 3.340 | V | (24h)BUCK4_INI_VOUT = ECh
Soft-Start Time Rate (28h to 2Bh)
BUCKx - 4.5 5.0 55 1 VIms | BicKx SR = 01b (x: 1to 4)
High-side FET On-Resistance RonH_BuCk1
BUCK1, BUCK2 Ronk_suck2 ) 80 160 | ma
High-side FET On-Resistance RoNH_BuUCK3
BUCKS, BUCK4 RonH_BuCKa ) 40 80 mQ
Low-side FET On-Resistance RonL_Buck1
BUCK1, BUCK2 RoNL_BuCK? ) 70 140 | mQ
Low-side FET On-Resistance RonL_Bucks
BUCK3, BUCK4 RonL_Bucks ) 35 o | ma
. . (2Fh) BUCK1_RDIS = 01b
gﬁt&l{a Discharge Resistance Rois_suck1 8 30 70 Q |lrer1=-10 mA
Between FBP1 and GND
: . (2Fh) BUCK2_RDIS = 01b
(B)Btg;étzDISCharge Resistance Rois_suck2 8 30 70 Q |lrer2=-10 mA
Between FBP2 and GND
: . (2Fh) BUCK3_RDIS = 10b
gﬁtgﬁgDISCharge Resistance Rois_sucks 5 22 50 Q | Irers =-10 MA
Between FBP3 and GND
: . (2Fh) BUCK4_RDIS = 01b
(B)Btg;ZDISCharge Resistance Rois_sucka 8 30 70 Q | lrera=-10 mA
Between FBP4 and GND
Votaga | Threshold Vovo v | 221 | 230 | 239 | V| PVINx Sweep down (x: 1 to4)
\‘j;’ltLaOgEPV'NX Hysteresis Vovio pvine s | - 0.06 ; V| PVINX: Sweep up (x: 1 to 4)
OVP Detecting Rate .| (30h) BUCKx_OVP = 11b
BUCKx y 7| +20 *28 1 % 1104)
L Detecting Voltage Vuvesucki | 1314 | 1440 | 1566 | V | (21h) BUCK1_INI_VOUT = CEh
gb’gl?zetec“”g Voltage Vove sucke | 0985 | 1.080 | 1175 | V | (22h)BUCK2_INI_VOUT = AAh
DS tecting Voltage Vuvesucks | 0730 | 0.800 | 0.870 | V | (23h) BUCK3_INI_VOUT = 64h
Dy ecting Voltage Vuve sucks | 2409 | 2.640 | 2.871 | V | (24h)BUCK4_INI_VOUT = ECh
Cvar Current Protecgos locerucki | 2.94 | 420 | 546 | A | (32h)BUCK1_INTR_OCPH = 11b
Sl ument PRtaetion locrreucke | 231 | 330 | 429 | A | (32h) BUCK2_INTR_OCPH = 10b
i (el locereucks | 4.90 | 7.00 | 940 | A | (33h)BUCK3_OCPH = 11b
B 3 e Frotection locersucks | 3.96 | 566 | 7.36 | A | (33h) BUCK4_OCPH = 10b
OVD Detecting Offset (35h) BUCKx_OVD_UVD = 11b
Voltage) BUCKx Vovp_puck« *10 | +20 *30 | mV o 1o 4)
UVD Detecting Offset (35h) BUCKx_OVD_UVD = 11b
Voltage®) BUCKx Vuvo_suckx -30 -20 0 MV 10 4)
SHDWN Detecting Voltage VSHDWN_BUCKx - 0.1 - V | (x:1to4)
TW_CH Detect Temperature Ttw_cH_DET BuUckx | 131 140 149 °C | (x:1t04)

(*1) Delta against the VOUT voltage including DC accuracy from register setting voltage.
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Datasheet

Electrical Characteristics — continued
(Unless otherwise specified Tj = -40 °C to +150 °C, Vin / Vpevini to Vpyinz =5 V)

LDOx

Parameter Symbol Min Typ Max Unit Conditions
[LDO5 to LDO7]
DC Output Voltage LDO5 Vipbos 1.182 1.200 1.218 V | (25h) LDO5_INI_VOUT = 24h
DC Output Voltage LDO6 Vibos 2.462 2.500 2.538 V | (26h) LDO6_INI_VOUT = 58h
DC Output Voltage LDO7 Vipbor 3.250 3.300 3.350 V | (27h) LDO7_INI_VOUT = 78h
Soft-Start Time Rate LDO5 - 1.8 2.0 22 V/ms | (2Ch) LDO5_SR =0
Soft-Start Time Rate LDO6 - 3.6 4.0 44 V/ms | (2Dh) LDO6_SR =0
Soft-Start Time Rate LDO7 - 3.6 4.0 44 V/ms | (2Eh) LDO7_SR =0
Ivoutx = 50 mA
Dropout Voltage Vorop.Loox - - 01 | V |Between PVINx and VOUTx
LDOx ;
(x:5t07)
Between VOUTx and GND
Output Discharge Resistance Ivoutx = -10 mA
LDOX Rois_Lpox 15 55 125 1 Q1 5Ch to 2Eh) LDOX_RDIS = 0
(x:5t07)
UVLO_PVIN5 Threshold PVINS: Sweep down
Voltage VuvLo_PvINs 1.51 1.60 1.69 \Y (2Ch) LDO5_UVLO LVL = 1
UVLO_PVINS5 Hysteresis PVINS5: Sweep up
Voltage VuvLo_PViNs_Hys ) 0.04 i V' | (2ch) LDO5_UVLO_ LVL = 1
UVLO_PVING Threshold PVING: Sweep down
Voltage VuvLo_Pvine 2.21 2.30 2.39 \Y (2Dh) LDO6_UVLO_LVL =0
UVLO_PVING Hysteresis PVING: Sweep up
Voltage VUVLO_PViNG_Hys - 0.06 - V' | (2Dh)LDO6_UVLO LVL=0
UVLO_PVINY Threshold PVIN7: Sweep down
Voltage VuvLo_pviN? 2.21 2.30 2.39 \Y (2Eh) LDO7 UVLO LVL =0
UVLO_PVINY Hysteresis ) ) PVIN7: Sweep up
Voltage VUvLo_PVINT_Hys 0.06 V' | (2ER) LDO7 UVLO LVL =0
OVP Detecting Rate LDOXx - 17 +20 w23 | 9 |31 LDOX OVP=11b
(x:5t07)
UVP Detecting Voltage LDO5 Vuvp_LDo5 0.876 0.960 1.044 V | (25h) LDO5_INI_VOUT = 24h
UVP Detecting Voltage LDO6 Vuvp_Lbos 1.825 2.000 2.175 V | (26h) LDO6_INI_VOUT = 58h
UVP Detecting Voltage LDO7 Vuvp_Lbo7 2.409 2.640 2.871 V| (27h) LDO7_INI_VOUT = 78h
Over Current Protection loceH_Loox 300 | 500 - | mA (x5t07)
OVD Detecting Offset -
Voltage® L DO5 Vovb_Lbos +25.7 +40.0 +54.3 mV | (36h) LDO5_OVD_UVD = 11b
OVD Detecting Offset _
Voltage® L DOG Vovb_Lpos +52.4 +80.0 +107.6 | mV | (36h) LDO6_OVD_UVD = 11b
OVD Detecting Offset -
Voltage" LDO7 Vovp_Lpo7 +52.4 +80.0 +107.6 | mV | (36h) LDO7_OVD_UVD = 11b
UVD Detecting Offset -
Voltage® LDO5 Vuvb_LDos -54.3 -40.0 -25.7 mV | (36h) LDO5_OVD_UVD = 11b
UVD Detecting Offset _
Voltage® LDOG Vuvb_Lbos -107.6 -80.0 -52.4 mV | (36h) LDO6_OVD_UVD = 11b
UVD Detecting Offset _
Voltage™) LDO7 Vuvb_Lbo7 -107.6 -80.0 -52.4 mV | (36h) LDO7_OVD_UVD = 11b
SHDWN Detecting Voltage VSHOWN,_LDOX _ 0.1 _ v (x: 510 7)

(*1) Delta against the VOUT voltage including DC accuracy from register setting voltage.
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Duty Limitation of Peak Output Current

The duty limitation of the peak output current depends on the continuous output current (Idc) and the duty of peak current. The
duty limitation of the peak output current is calculated in the following equation.

For BUCK1 and BUCK2 single mode.
(The duty limitation is 100 % at Ipeak =2 A.)

T_p) - (22 — Idc?)

D imitati u rr =
uty limitation of the peak output current ( T) = Upeak? = Idc?)
where:

Tp is the time width of one peak output current (maximum time of Tp is 10 ms).

T is the one cycle time of the peak output current.

Idc is the continuous output current.

Ipeak is the peak output current. (maximum current of Ipeak is 2.4 A)

For BUCK1 and BUCK2 dual phase mode.
(The duty limitation is 100 % at Ipeak =4 A.)

T_p) - (4% — Idc?)

D .. , rr _
uty limitation of the peak output current ( T) = Upeak? = Idcd)
where:

Tp is the time width of one peak output current (maximum time of Tp is 10 ms).

T is the one cycle time of the peak output current.

Idc is the continuous output current.

Ipeak is the peak output current. (maximum current of Ipeak is 4.8 A)

For BUCK3 and BUCK4 single phase mode.
(The duty limitation is 100 % at Ipeak =4 A.)

2 2
T_p) _ (@ - 1de?)

Duty limitation of the peak output current (= <
Y f the p p T (Ipeak? — Idc?)

where:

Tp is the time width of one peak output current (maximum time of Tp is 10 ms).

T is the one cycle time of the peak output current.

Idc is the continuous output current.

Ipeak is the peak output current. (maximum current of Ipeak is 4.8 A)

For BUCK3 and BUCK4 dual phase mode.
(The duty limitation is 100 % at Ipeak = 8 A.)

T_p) (82 — Idc?)

Duty limitation of the peak output current (= <
Y f the p p T (Ipeak? — Idc?)
where:
Tp is the time width of one peak output current (maximum time of Tp is 10 ms).
T is the one cycle time of the peak output current.
Idc is the continuous output current.
Ipeak is the peak output current. (maximum current of Ipeak is 9.6 A)
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Datasheet

State Machine

Main State Machine

FAIL_SAFE

(2) EN=Land STBY = L

(1) UVLO_VIN_L or UVLO_VREG15IN
(3) SOFT_RESET (07h register)

:

(3) DBIST_ERR (

SHUT_OFF

i

1

VREG15_ON
VOUTx_OFF
Registers clear

—

(3) UVLO_VIN_L Release and

DBIST

il

(2) EN = Land STBY = L

All States

(1)EN=Hor STBY = H

(1) UVLO_VIN_L or
UVLO_VREGI5IN !

! between VREG15_ON |
! and STANDBY |

UVLO_VREG15IN Release

: All States :
i except SHUT_OFF :

[ sm

(4) OK
(3) OTP_ERR
OTP_READ (3) All Power OFF
——
(4) OK
— (2) POFF_ERR or
(3) EEP_ERR EEP READ ERR1 or ERR2 or

(3) 512 ms timeout
(ABIST_ERR)

(3) detector check NG
or POFF_OVERTIME timeout
(ABIST_ERR)

(3) ERR1

(3) ERR1 or SHUTDOWN (08h register)

(5) EN = H and Consistency Check Fail

(2) PON_ERR or ERR1 or ERR2 or ERR3

(ABIST_ERR)

—

—

e
o
~

UVLO_VIN_H
Wait

g
C
<

ABIST
detector check
SHDWN wait

STANDBY

|
|

POWER_ON

LO_VIN_H Release

(4) Finish

(4) Detector check OK and
Under 0.1 V of enable setting channels

(4) SOFT_RESET (07h register)

ERR3

(6) EN =H and
Consistency Check Pass

—
(2) Power ON Sequence

Complete

POWER_OFF2
(2) ERR1 or

POFF_ERR
(3) All Power OFF

(2) ERR1 or
SHUTDOWN
(08h register)

GROUP_OFF

POWER_OFF1
(2) POFF_ERR or -
ERR1 or ERR2 or

ERR3

(5)EN=L

(3) All Power OFF

(4) SOFT_RESET (07h register)

(2) ERR1 or SHUTDOWN (08h register)

(4) SOFT_RESET (07h register)

CHIP_IF_ERR, PRSTB_ERR, PRSTB_WDT_ERR

Consistency Check: DRMOS connection check, FBP1 to FBP4 connection check, VOUT5 to VOUT?7 connection check
ERR1: VREF_ERR, TSD, UVLO_VIN_H, OVLO_VIN, OSC_ERR, DRMOS_ERR, TW (selectable),

ERR2: OCP H, OCP L, OCP N, OCP EXT, OVD, UVD, TW_CH when register 20h SHD_INTB = 1
ERR3: each channel UVLO_PVIN, each channel OVP, each channel UVP

Figure 5. Main State Machine

SHUT_OFF to POWER_OFF1,

Block STANDBY POWER_ON ACTIVE COWER OFFs | GROUP_OFF |  FAIL_SAFE
BUCK1 OFF ON OFF
BUCK?2 OFF ON Group OFF
BUCKS3 OFF Sequential ON ON ) OFF
BUCK4 OFF by register ON bserg”gt‘gffseot':"f Cr"e”tirsot'etr’y OFF

LDO5 OFF setting ON yreg 9 sgttin OFF

LDO6 OFF ON 9 OFF

LDO7 OFF ON OFF
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State Machine — continued

ADD_EN1 and ADD_EN2 function state machine.

Main State Machine

STANDBY / ACTIVE / POWER_ON
POWER_OFF1/ POWER_OFF2
GROUP_OFF / FAIL_SAFE

_ ADD_EN1 =L ADD_EN2 =L -
ADD_EN1 = H (edge) or ERR1 or ERR2 or ERR1 or ERR2 ADD_EN2 = H (edge)
[ ADD_EN1 Group Power ON ] [ ADD_EN2 Group Power ON ]
_ ADD_EN2 = L ADD_EN1 =L _
ADD_EN2 = H (edge) or ERRLorERR2  or ERRL or ERR2 ADD_EN1 = H (edge)

[ ADD_EN1/ADD_EN2 Group Power ON ]

ERR1: OCP H, OCP L, OCP N, OCP EXT, OVD, UVD, TW_CH when register 20h SHD_INTB =1
ERRZ2: each channel UVLO_PVIN, each channel OVP, each channel UVP, TW (selectable),
UVLO_VREG15IN, UVLO_VIN_H, OVLO_VIN, PRSTB_ERR, DRMOS_ERR
VREF_ERR, TSD, OSC_ERR, PON_ERR, POFF_ERR, CHIP_IF_ERR, PRSTB_WDT_ERR
When ERR occurs, in order to power ON again, it need to input ADD_ENx = L and re-input ADD_ENXx = H.

Figure 6. ADD_EN1, ADD_ENZ2 State Machine

ADD_EN1 or ADD_EN2 channels are controlled without main state machine power sequence.
ADD_EN1 channels have to be set same group in the (1Dh to 20h) XXX_SHD_GROUP register.
ADD_EN2 channels have to be set same group in the (1Dh to 20h) XXX_SHD_GROUP register.
(XXX: BUCK1 to BUCK4, LDO5 to LDO7, and PRSTB)
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Sequencer and Chip Combination

General Description

For each power rail, there are two sequence timing registers which are the power-on timing (the XXX_DELAY_PON register) and
power-off timing (the XXX_DELAY_POFF register). (XXX: BUCK1 to BUCK4, LDO5 to LDO7, and PRSTB)

The timing can be configured in a wide range, between 2 ps and 136 ms. Refer to register map (Sequence).

All configured times are defined with the transition of the EN signal. Power-on timing is defined as the delay time from the EN
signal H assertion, and the power-off timing is defined as the delay time from the EN signal L de-assertion.

When first EN is H asserted before STANDBY state, power-on delay count will start after STANDBY state transition.

Multi PMIC Sequencing

If multiple PMICs will be used in an application, there is the possibility to synchronize the total power sequence.

In this case, one PMIC should be defined as Main-PMIC via the register 03h DEVICE_ID (refer to register map), and it will provide
the System Clock. Also other PMICs should be defined as Sub-PMICs via the same register.

The Main-PMIC will provide the System Clock signal to Sub-PMICs IF1_ADDEN1 pin. The power-on and power-off sequence will
be controlled via IF1 and IF2. The time that state shift to STANDBY after the internal LDO (VREG15) power-on is maximum 5 ms
without EEPROM reading process, and plus maximum 3 ms x number of multi with EEPROM reading process. Note that these
times do not include the BIST time of Driver MOS. In case of Driver MOS using, maximum 3.5 ms is added. Even if 2 pcs of
DRMOS using, the time is same. In case of Driver MOS not using, maximum 1 ms is added. When first EN is H asserted before
STANDBY state, power-on delay count will start after STANDBY state transition.

Chip Combination

BD96801Qxx-C and BD96802Qxx-C can be connected via the IF1_ADDEN1/IF2 pins.
The combination is set by the OTP register 03h SYSTEM_NUMBER.

And Main-PMIC or Sub-PMIC is set by DEVICE_ID.

The combination is shown in below table.

Table 6. Combination

SYSTEM_ BD96801Qxx-C BD96802Qxx-C
NUMBER][7:4] Main- Sub- Main- Sub- Sub- Sub- Sub- Sub-
PMICO PMICO PMICA1 PMICA1 PMIC2 PMIC3 PMIC4 PMIC5
ID=0 ID=1 ID=2 ID=3 ID=4 ID=5 ID=6 ID=7
0 Chip 1 - - - - - - -
1 - - Chip 1 - - - - -
2 Chip 1 - - Chip 2 - - - -
3 Chip 1 Chip 2 - - - - - -
4 Chip 1 - - Chip 2 Chip 3 - - -
5 Chip 1 Chip 2 - Chip 3 - - - -
6 Chip 1 - - Chip 2 Chip 3 Chip 4 - -
7 Chip 1 Chip 2 - Chip 3 Chip 4 - - -
8 Chip 1 - - Chip 2 Chip 3 Chip 4 Chip 5
9 Chip 1 Chip 2 - Chip 3 Chip 4 Chip 5 - -
A Chip 1 - - Chip 2 Chip 3 Chip 4 Chip 5 Chip 6
B Chip 1 Chip 2 - Chip 3 Chip 4 Chip 5 Chip 6 -
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EEPROM Reading

When the extarnal EEPROM which the data is set in is connected via |12C, the data will be automatically read in the EEP_READ
state. The EEPROM I2C device address have to be A0/A1 (8bit description write/read mode). And the size of data is 2k bits.
For the SYSTEM_NUMBER is 8 or more, 1 word address 4k or 8k bits EEPROM is needed. The second EEPROM I2C device
address have to be A2/A3 (8bit description write/read mode).

The figure below shows the data storage.

For SYSTEM_NUMBER = 0x4 For SYSTEM_NUMBER = 0xB

EEPROM EEPROM EEPROM
device address = AO/Al device address = AO/A1 device address = A2/A3

chip 1 (Main-PMICO)
setting data
address: 00 to 3F

chip 2 (Sub-PMIC1)
setting data
address: 40 to 7F

chip 1 (Main-PMICO)
setting data
address: 00 to 3F

chip 5 (Sub-PMIC3)
setting data
address: 00 to 3F

chip 2 (Sub-PMICO0)
setting data
address: 40 to 7F

chip 6 (Sub-PMIC4)
setting data
address: 40 to 7F

chip 3 (Sub-PMIC?2) chip 3 (Sub-PMIC1) don't care
setting data setting data

address: 80 to BF address: 80 to BF

don't care chip 4 (Sub-PMIC2) don't care

setting data
address: COto FF

Figure 7. EEPROM Data
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Datasheet

Timing Chart

ON Sequence (An example)

| |
| |
VIN : UVLO_VREG15IN !
VREG15 | A |
T R |
| . |
STBY ! [ !
| : [
| 1
EN | | |
| : |
| -t Max 5 ms (w/o EEPROM) (1) Max 1 ms (w/o DRMOS) |
: VREG15_ON  Max 8 ms (w/ EEPROM) () Max 3.5 ms (w/ DRMOS) :
Internal ! ' l DRMOS |
STATE ISHUT_OFFA ‘DBIST‘(‘)TP_READ‘ FEP_REAE ABIST i SCAN | ‘STANDBY‘ ) POWER_ON i ACTIVE R :
| |
12C ) Invalid - Valid . Valid (read only) q Valid N
) > —> ¢ Pt >
| BUCK1_DELAY_PON I
| . — |
BUCK1 | discharge discharge ON/OFF discharge : H |
I : ; ” |
| BUCK2_DELAY_PON |
BUCK2 ! discharge discharge ON/OFF discharge i > !
: BUCK3_DELAY_PON :
BUCK3 | discharge discharge ON/OFF :discharqei : 3 |
| : |
: % LDO7 DELAY_PON | %
LDO7 : discharge discharge ON/OFF :discharge ) ; :
| R ' |
| When pull-upito VIN PRSTB_DELAY_PON |
PRSTB | ; |
T |
| |
ERRB ! [
| |
| 1
INTB | I
(*1) This 5 ms and 8 ms time does not include waiting time. In ABIST state, PMIC waits all channel which is set to enable becomes under 0.1 V.

In this time, discharge function is enabled. Discharge resistor is set by register setting. If discharge function setting is OFF, the channel is excluded

from under 0.1 V checking.

Figure 8. ON Sequence1
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Datasheet

Timing Chart — continued

OFF Sequence EN (An example)

VIN

VREG15

STBY

EN

Internal
STATE

ACTIVE

POWER_OFF1

POWER_ON

12C Valid

Valid (read only)

Valid (read only)

v

BUCK1_DELAY_POFF BUCK1_DELAY_PON

BUCK1

. discharge >t

BUCK2

BUCK2_DELAY_POFF BUCK2_DELAY_PON

discharge <

\Ad

A

BUCK3

BUCK3_DELAY_POFF BUCK3_DELAY_PON i

. discharge <

LDO7_DELAY_POFF

LDO7

discharge

PRSTB

4> PRSTB_|

DELAY_POFF all VOUT shutdown

ERRB

INTB

e ST e SRR

___-_______.-_1)8_____-_____.____

Figure 9. OFF Sequence1
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Datasheet

Timing Chart — continued

OFF Sequence with an ERROR (An example)

| |
L |
VIN ! !
VREG15 | |
I |
1 |
STBY ! !
| |
EN l I
] 1
1 1
| |
Internal | I
STATE L GROUP_OFF POWER_OFF2 i FAIL_SAFE o
] |
12C | Valid Valid (read only) Valid |
I < »ie > |
I |
: (BUCK1_SHD_GROUP = Group A) :
L i |
BUCK1 | discharge |
| 1
l (BUCK2_SHD_GROUP = Group A) |
BUCK2 ! discharge !
| (BUCK3_SHD_GROUP = Group B) P »i i |
BUCK3 | | BUCK3 DELAY_POFF iN] discharge !
H /_L Error channel all shutdown /_L
’T“ (LDO7_SHD_GROUP = Group A) ’T’
)
LDO7 1 discharge y
| 1
[ — (PRSTB_SHD_GROUP = Group A) |
PRSTB | [
I 1
1
ERRB ! !
| |
] 1
INTB ! |
Figure 10. OFF Sequence2
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Timing Chart — continued

OFF Sequence with VIN UVLO (An example)

UVLO_VIN_H
! UVLO_VIN_L

VIN : \.\ i

VREG15

STBY
EN
| : |
| FAIL_SAFE |
| : : : |
Internal | : : : |
STATE |< ACTIVE ;A \ JAVREG]'S—ONJA SHUT_OFF R
| v 0 0 |
12C | Valid i Invalid R
€ e >
Y N H - rd |
| |
| |
I |
BUCK1 | |
| 1
| |
BUCK2 : ________________________________ |
| |
BUCKS | I\ !
| |
B A |
"r/ ¥
LDO7 T l
| |
[ When pull-up to VIN |
PRSTB | |
ERRB
[ |
INTB e |
Figure 11. OFF Sequence3
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Timing Chart — continued
ALWAYS_ON Power ON/OFF Sequence (An example)

Each channel can power ON by the (3Ch) ALWAYS_ON register.

The register can be set via OTP, EEPROM, or I2C command. About I2C command, it can be set in only STANDBY state or ACTIVE
state. When the ALWAYS_ON register be set to 1, the channel power ON in STANDBY state. Even if the register be set to 0 after
1 setting, the channel does not OFF, but controlled by the EN signal in power OFF sequence. When the register be set to 1 in
ACTIVE state, the channel does not OFF in power OFF sequence.

Below shows the sequence using the ALWAYS_ON register. As a prerequisite, the (3Dh) ADD_PRSTB1 register is set 01
(ALWAYS_ON channel PRSTB mode).

1 |

| |

VIN : UVLO_VREG15IN !
VREG15 | L [
I ; |

| . |

STBY ! !
| |

EN ! !

] set by OTP \ I

N 1

BUCKZ_ : (register) l |
ALWAYS_ON [ . |
| set by 12C command / |

BUCK3_ | (register) : —‘ —————————————————— s |
ALWAYS_ON : \ |
| &) \ |

BUCK4_ | (register) | \L !
ALWAYS_ON | . |
| . |

1 ! VREG15_ON |

| ) |

Internal |SHUT_OFF l DBIST etc. |
STATE L P » STANDBY i POWER_ON ACTIVE POWER_OFF1 iSTANDBY
I ? «© Valid _ Valid o

C : Invalid y i Vaiid ,ie (readonly) : Valid: (read only) . valid ':

: BUCK1_DELAY_PON BUCKL_DELAY_POFF :

Bucki ! —> 1 G [
i Power ON by ALWAYS_ON register when into STANDBY / KEEP ON i

BUCK2 : a : | | |
: Power ON by ALWAYS_ON register \L \L BUCK3_DELAY_POFFR :

BUCK3 | ¢ > |

I 1

| BUCK4_DELAY_PON KEEP ON |

BUCK4 ! — !
: ! I

: A LDO7_DELAY_POFF =

1 LDO7_DELAY_PON ]

LDO7 ! > > !
| When pull-up;to VIN PRSTE_DELAY_PON |
:_/_ _ . PRSTB_DELAY_POFF |

PRSTB —> H |
INTB ADD : ADD_PRSTB1_DELAY !
PRSTB1 | hilg hind [

(*1) Even if BUCK3_ALWAYS_ON is set to 0 after 1 setting, BUCK3 does not OFF in this time.
When POWER_OFF1 state, BUCK3 is controlled by the EN signal.

Figure 12. ALWAYS_ON Power ON/OFF Sequence
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Datasheet

Timing Chart — continued

ADD_EN Power ON/OFF Sequence (An

example)

ADD_EN function can be set by only OTP or EEPROM. It is set by the (3Eh) ADD_EN1 or (3Fh) ADD_EN2 register. When any
one of the (3Eh) ADD_ENT1 registers is 1, the IF1_ADDEN1 pin functions as the ADD_EN1 function. When any one of the
ADD_ENZ2 registers is 1, the SYNC_ADDEN?2 pin functions as the ADD_EN2 function. When ADD_EN1 or ADD_ENZ2 is active,
the DELAY_ON and DELAY_OFF time is ADD_EN mode setting which is not same delay time of basic EN mode.
Below shows the ADD_EN1 and ADD_EN2 sequence. As a prerequisite, BUCK1 and LDOS5 are assigned to ADD_EN1, BUCK2
and LDOG6 are assigned to ADD_EN2. The ADD_PRSTB1 is related to ADD_EN1 channel and the ADD_PRSTB2 is related to

ADD_EN2 channel.

! |
! )
VIN : UVLO_VREG15IN [
VREG15 | |
I |
! )
STBY ! [
! |
! I
EN L |
! |
! I
ADD_EN1 | ) |
! 1
! |
ADD_EN2 ! !
! I
! |
l |
[ : |
|  VREG15_ON I
I ' I

Internal
STATE :SHUT—OFF l DBI))ST ete. STANDBY POWER_ON ACTIVE POWER_OFF1 STANDBY :
< A P o€ < < < )
I - «© Valid _ Valid _ I
C I Invalid Valid (read only) Valid (read only) Valid |
I g >l
I |
BUCK1 I BUCKI_DELAY_PON(ADD_EN mode) BUCK1_DELAY_POFF(ADD_EN mode) I
(ADD_EN1) | A D ]
BUCK?2 : BUCK2_DELAY_PON(ADD_EN mode) BUCK2_DELAY_POFF(ADD_EN mode) :
(ADD_EN2) | f—s - !
BUCK3 : BUCK3_DELAY_PON BUCK3_DELAY_POFF :
I o — |
I ' : 1
BUCK4 | BUCK4_DELAY_PON BUCKA4_DELAY_POFF |
| [e—> > |
} : “ B 1
LDOS5 | LDO5_DELAY_PON(ADD_EN mode) LDO5_DELAY_POFF(ADD_EN mode) |
! i T A ! : |
(ADD_EN1) | P> > |
LDO6 : LDO6_DELAY_PON(ADD_EN mode) LDO6_DELAY_POFF(ADD_EN mode) :
(ADD_EN2) : D — : — :
LDO7 1 LDO7_DELAY_PON LDO7_DELAY_POFF |
! i e—————— <—>\ |
L H P 1
I When pull-up;to VIN PRSTB_DELAY_PON : !
| PRSTB_DELAY_POFF |
PRSTB L f—— - : I
! ADD_PRSTB1_DELAY |
INTB_ADD | . - |
PRSTBL I | |
ERRB_ADD | set to ADDPRSTB2 function by OTP or ADP—PRSTBZ—DELAY |
PRSTB2 | EEPROM i e—> | !

(*1) When the ADD_EN H assertion is earlier than STANDBY state, the ADD_EN channel power ON delay count start after into STANDBY state.

Figure 13. ADD_EN Power ON/OFF Sequence
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Datasheet

Register Map

The default value is the value loaded after OTP_READ. OTP/EEP/I?C description in below table.
The registers of OTP = “O” is reflected OTP setting at OTP_READ state.
The registers of EEP = “E” can be overwritten by EEPROM setting.
“RW"” can be overwritten by 1°C command.

“RWS” can be overwritten by 1°C command in only STANDBY and GROUP_OFF state.
“RWSA” can be overwritten by 12C command in only STANDBY, ACTIVE and GROUP_OFF state.
“RWSAF” can be overwritten by 1°C command in only STANDBY, ACTIVE, GROUP_OFF and FAIL_SAFE

The registers of I2C =
The registers of I2C =
The registers of I2C =
The registers of I1°C =

state.

The registers of 1C =

“RO” is read only.

- : oTP
Register Register q q A q A . . .
A df’jress Ngme Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /ﬁzEcP Default
Vendor_ ! -
00h ot VENDOR][7:0] RO | DBh
. O/-/
01h Product Code PRODUCT([7:0] RO 30h
Product . /-
02h Revision REVISION[7:0] RO A2h
Device . X Ol/-/
03h dentoation SYSTEM_NUMBER[3:0] - DEVICE_ID[2:0] g
04h Write Protect WRITE_PROTECT[7:0] él\X/ 00h
05h CRC ON CRC_ON[7:0] él\X/ 00h
PRSTB_ PRSTB_L_ PRSTB_L_ i i -l
06h CONTROL MASK HIST PRSTB_L RW 01h
SOFT_ . -
07h RESET SOFT_RESET[7:0] RWSAF 00h
08h SHUTDOWN SHUTDOWN][7:0] r_\!\—/(/ 00h
. . O/E/
09h SSCG SSCG_WIDTH[2:0] - SSCG_FREQ[2:0] Rws | 0on
LDO7_ LDO7_ BUCK2_ BUCKL_ BUCK34_ BUCK12_ OlE/
0Ah MODE_SET LDSW EXTSW IntFET IntFET MULTI MULTI RWS och
0Bh DISABLE_ LDO7_ LDO6_ LDO5_ BUCK4_ BUCK3_ BUCK2_ BUCKL_ Ol | oon
SET DISABLE DISABLE DISABLE DISABLE DISABLE DISABLE DISABLE RWS
PRSTB_ PRSTB_WDT SW_FREQ[L:0] OlE/
0Ch WDT/ PRSTB_WDT[1:0] = PRSTB_WDT_TO_SEL[2:0] I _ \ 00h
_TO (I°C = RWS) RWSA
SW_FREQ
BUCKL_ . OlEl
0Dh DELAY_PON BUCK1_DELAY_PONI7:0] RWS 20h
BUCK2_ . OlEl
= DELAY PON BUCK2_DELAY_PON[7:0] Rws | 30n
BUCKS3_ . O/E/
OFh DELAY PON BUCK3_DELAY_PON][7:0] Rws | 1on
BUCK4_ . O/E/
10h DELAY PON BUCK4_DELAY_PONI[7:0] Rws | 70N
LDO5_ . OlEl
11h DELAY. FON LDO5_DELAY_PON[7:0] Rws | 4on
LDO6_ . OlEl
12h DELAY. FON LDO6_DELAY_PON[7:0] Rws | 50N
LDO7_ ! OlE/
13h DELAY. FON LDO7_DELAY_PON[7:0] Rws | 6on
PRSTB_ ) OIE/
14h DELAY_PON PRSTB_DELAY_PONI7:0] RWS 80h
BUCKL_ . OIE/
15h DELAY_POFF BUCK1_DELAY_POFF[7:0] RWS 60h
BUCK2_ ! OlE/
16h DELAY_POFF BUCK2_DELAY_POFF[7:0] RWS 50h
BUCK3_ ! OlE/
17h DELAY_POFF BUCK3_DELAY_POFF[7:0] RWS 70h
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Adiress | Name. Sy Bitfe] Bit(s Bitl4 Bit(3 Bit(2 Bitf1] Bi(0 /%}E peteut
18h DE?X%_%FF BUCK4_DELAY_POFF[7:0] Ol | yop
19h DELL::EEE,—OFF LDO5_DELAY_POFF[7:0] Ol | on
1Ah DELL::E‘;—OFF LDO6_DELAY_POFF[7:0] Ol | op
1Bh DELL&%—OFF LDO7_DELAY_POFF[7:0] Ol | op
1ch DEti\?;rPBéFF PRSTB_DELAY_POFF[7:0] Ol | gop
1bn GROUPL : BUCK2_SHD_GROUP[2:0] - BUCK1_SHD_GROUP[2:0] el | oon
1En GggB_Pz - BUCK4_SHD_GROUP[2:0] - BUCK3_SHD_GROUP[2:0] S\ﬁé 00h
1Fh GggBT:’S - LDO6_SHD_GROUP[2:0] - LDO5_SHD_GROUP[2:0] S\ﬁé 00h
20n GROUP4 SHD_INTB PRSTB_SHD_GROUP[2:0] - LDO7_SHD_GROUP[2:0] el | oon
21h lﬁﬁ%{ﬁ BUCKL_INI_VOUT[7:0] g\;\/Eé cEn
22h IEE?/EZU_T BUCK2_INI_VOUT[7:0] g\;\% A
23h lﬁlli%fﬁ BUCK3_INI_VOUT[7:0] g\;\% 6ah
24n INLVOUT BUCKA4_INI_VOUT[7:0] O | o
25h INLI?\(/DSUT LDO5_INI_VOUT[7:0] O | o,
26h INLIE)\(/:)C?GT LDO6_INI_VOUT[7:0] o | o,
27h INLVOUT LDO7_INI_VOUT[7:0] O | gy
28h B\L/Jgﬁf BUCK1_SR[1:0] - BUCKL_TUNE[4:0] %/WE/ 40h
29n B\L/Jngﬁ_ BUCK2_SR([1:0] - BUCK2_TUNE[4:0] %/\5/ 40h
2AN o BUCK3_SR[1.0] - BUCK3_TUNE4:0] O/ | 4on
2Bh B\l/Jngj‘TL BUCK4_SR[1:0] - BUCK4_TUNE[4:0] %/\5/ 0h
2Ch ';/%%ST— LDO5_RDIS LDO5_SR . '-DOSL—\;:_V'-O_ B (erﬁgg)?gﬁ%ai[;gén LDOE\_/\L/OL_ %I\I/Ev/ 10h
2Dh ';/%%GT— LDO6_RDIS LDO6_SR - '-DOGL—\;:_V'-O— B (erﬁggjgl?/rl]%ai[;gé\() LDOE\_/\L/OL_ %I\I/Ev/ oo
2Eh ';/%%7; LDO7_RDIS LDO7_SR - '-DO7L—\>:_V'-O— B (erﬁggjgl?/rl]%ai[;gé\() LDOZ\_/\L/OL_ %I\I/Ev/ oo
2Fh DISCHG BUCK4_RDIS[1:0] BUCK3_RDIS[1:0] BUCK2_RDIS[1:0] BUCKL_RDIS[1:0] %’WE’ 65h
30h ovP1 BUCK4_OVP[1:0] BUCK3_OVP[1:0] BUCK2_OVP[1:0] BUCK1_OVP[1:0] 5\5\% FFh
s ovp2 | : LDO7_OVP[L:0] LDO6_OVP[1:0] LDO5_OVP[1:0] S\;\% 3Fh
32h glchﬁ BUCK2_EXTR_OCP[1:0] BUCK2_INTR_OCPHI[L:0] BUCK1_EXTR_OCP[1:0] BUCK1_INTR_OCPH[L:0] F?\;\% ABh
33h OCPH1 - - BUCK4_OCPH[L:0] - - BUCK3_OCPH[L:0] F?\;\% 23h
34h - - - - - - - - - - 2Ah
35h OVD_UVD1 BUCK4_OVD_UVD[1:0] BUCK3_OVD_UVD[1:0] BUCK2_OVD_UVDI[L:0] BUCK1_OVD_UVD[1:0] S\ﬁé FFh
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: : oTP
Register Register . . . . . . . .
Adg i N‘-;m . Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /;ElZECP Default
36h OVD_UVD2 - - LDO7_OVD_UVD[1:0] LDO6_OVD_UVD[1:0] LDO5_OVD_UVD[1:0] g\% 3Fh
LDSW_ ) . OfE/
37h UVD. VP - UVP_LDSW[2:0] - UVD_LDSW[2:0] Rws | 42
MASK_ . ) OfE/
38h ONTI OVD_MASK_TIME[3:0] UVD_MASK_TIME[3:0] Rws | 22
MASK_ PRSTB_ERR_ CHIP_IF_ ) ) . OfE/
39h ONTS OFF SHD, OFF TW_MASK_TIME[3:0] Rws | 82
POFF_ . . OlE/
3Ah OVERTIVE - PON_OVERTIME[2:0] - POFF_OVERTIME[2:0] Rws | 11n
PRSTB
EN_STAT INTB_ PRSTB_ — i BIST_ON_ -l
3Bh PIN BIST (readonly) |EN-CTRL_SEL| EN_CTRL_ON MANUAL MANUAL M?ANA%AKL_ DEMAND Rw | 8n
3ch ALWAYS_ PRSTB_ LDO7_ LDO6_ LDOS5_ ABLl\ijAK\?s_ AIIB_L\;VCAf(sS_ ABLl\ivCAKYZs_ ABLl\j\/CAli(lS_ O%/ 1 oon
ON ALWAYS_ON | ALWAYS_ON | ALWAYS_ON ALWAYS_ON on - on - onN on -~ ||Rwsa
ADD_ . ) ADD_PRSTB1_ . OlE/
3Dh PRSTE ADD_PRSTB2_DELAY[1:0] ADD_PRSTB2[1:0] DELAY[L0] ADD_PRSTB1[1:0] Ro | 00N
3Eh ADD ENL PRSTB_ LDO7_ LDO6_ LDO5_ BUCK4_ BUCK3_ BUCK2_ BUCK1_ O | oon
- ADD_EN1 ADD_EN1 ADD_EN1 ADD_EN1 ADD_EN1 ADD_EN1 ADD_EN1 ADD_EN1 RO
arh ADD EN2 PRSTB_ LDO7_ LDO6_ LDO5_ BUCK4_ BUCK3_ BUCK2_ BUCK1_ O | oon
- ADD_EN2 ADD_EN2 ADD_EN2 ADD_EN2 ADD_EN2 ADD_EN2 ADD_EN2 ADD_EN2 RO
40h WDT_SET1 - FAST_TO[2:0] - - RATIO_TO[1:0] él\-/o 02h
WDT WDT_ 4
41h WDT_SET2 - - - SLOWND PRSTB_ WDT_TYPE WDT_EN[1:0] Rw | oon
INTB
42h WDT_SET3 - . . . \ i ) WDT IFRST | oon
B - RW
WDT_ WDT_FC[3:0] . -
43h FCSET (read only) - - WDT_FCSET[1:0] Rw | 02
WDT_QA_ ) -
44h SEED - - - WDT_SEED[4:0] o | oon
WDT_QA_QCF ) ) ) . o,
45h p WDT_QCFG[4:0] rw | 0on
WDT_QUESTI . -l
46h ON : - > WDT_Q[4:0] RO 00h
WDT_ANSWE ) <l
47h R WDT_A[7:0] rw | oon
WDT_ANSWE . <l
48h R TYPE - - - - - - WDT_ANSTYPE[1:0] Rw | oon
a9h WDT_FLAG_ ) ) ) ) i ) WDT_FC_ | WDT FLAG_ [ -H | oop
CLEAR CLEAR CLEAR RW
ST_WDT_ ST_WDT_ ST_WDT_ ST_WDT_ ST_WDT_ ST_WDT_ -l
4Ah WDT_STAT . . ANSNG SLOW FAST OPEN ERR BE_DET ro | 90N
4Bh - - - - - - - - - - -
INTB_GPO/ -l
4ch ERRE_GPO - - - ERRB_GPO - - - INTB_GPO rw | 0on
4Dh s - - - - - - - - - -
4Eh - - - - - - - - - - -
INTERNAL_ ) -l
4Fh st - - - - INTERNAL_STATE[3:0] ro | 00N
STATUS SUB_ SUB_ SUB_ SUB_ SUB_ MAIN_ SUB_ MAIN_ n
50h CHIP ERRB PMIC5_ PMICA_ PMIC3_ PMIC2_ PMICT_ PMIC1_ PMICO_ PMICO_ Rw | oon
- STAT STAT STAT STAT STAT STAT STAT STAT
STATUS
s1h PART LDO7_ LDO6_ LDO5_ BUCK4_ BUCK3_ BUCK2_ BUCKL_ SYSTEM_ | oon
- STAT STAT STAT STAT STAT STAT STAT STAT RO
INTB_ERRB
5oh ;T(glga— SUB_PMIC_ DRMOS2_ DRMOS1_ PRSTB_ ABIST_ EEP_ DBIST_ oTP_ | oon
SRR 1 ERR_STAT ERR_STAT ERR_STAT ERR_STAT ERR_STAT | ERR_STAT | ERR_STAT | ERR_STAT RW
STATUS_
s3h SYSTEM CMD_SHDN_ | POFF_ERR_ | PON_ERR_ OSC_ERR_ | OVLO_VIN_ | UVLO_VIN_ | 1o srat | VREFLERR_ | -+ | o0
CRRB 5 STAT STAT STAT STAT STAT STAT - STAT RW
sah ggga— SYS_INT_ ) ) ) CHIP_IF_ ) i PRSTBWDT_ || -+ | oo
— SHD ERR_STAT ERR_STAT RW
ERRB_3
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) ) oTP
Register Register . . . . . . . .
Adg i N‘-;m . Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /;ElZECP Default
s5h S || BuckLNT_ ] ) ) _ BUCKL_ BUCKL_ VLo | oon
Pk SHD UVP_STAT | OVP_STAT | PVINI_STAT || RW
STATUS_ | picko mr BUCK2_ BUCK2_ Lo "
56h BUCK2_ SHD - - - - uve_ OvP_ PVIN2_STAT | Rw | OO0
ERRB STAT STAT =
STATUS_ | picka mr BUCK3_ BUCK3_ Lo "
57h BUCK3_ SNt ; ; ; . UVP_ ovP_ ovs 2t | | oon
ERRB STAT STAT _
STATUS_ | mucka mr BUCK4_ BUCK4_ o "
58h BUCK4_ AT ; ; ; . UVP_ ovP_ ovn 2t | | oon
ERRB STAT STAT =
STATUS_ 005 INT LDO5_ LDO5_ o P
50h LDO5_ T ; ; ; . UVP_ ovP_ ovme 2t | | oon
ERRB STAT STAT _
STATUS_ LDOS_ INT_ LDO6_ LDO6_ Wio. "
5Ah LDO6_ o ; ; ; . UVP_ ovP_ ovme%zar I | oon
ERRB STAT STAT _
STATUS_ LDO7_ LDO7_
58h LDO7_ LDOTINT ; ; ; . LDSW7 OVP_|  OVP_ o= A | oon
ERRB STAT STAT N
STATUS_ CHIP_IF_
5Ch SYSTEM_ ; ; ; ; INT_ CINT L W | twestar || 20| oon
INTB STAT -
STATUS_ BUCKL_ BUCKL_ BUCKL_ BUCKL_
5Dh BUCKL_ ; : BUCKLTW- | BUCKLUVD. ovD_ |OCPN_OCPEX| OCPL_ OCPH_ oo | oo
INTB = STAT T_STAT STAT STAT
STATUS_ BUCK2_ BUCK2_ BUCK2_ BUCK2_ n
5Eh BUCK2_ ; : BUCKZ_TW- | BUCKZ UVD_ ovD_ |OCPN_OCPEX| OCPL OCPH_ oo | oo
INTB = STAT T _STAT STAT STAT
STATUS_ BUCK3_ BUCK3_ BUCK3_ BUCK3_ n
5Fh BUCK3_ ; : BUCKS_TW- | BUCKS UVD_ ovD._ OCPN ocPL OCPH_ oo | oo
INTB = STAT STAT STAT STAT
STATUS_ BUCK4_ BUCK4_ BUCK4_ BUCK4_
60h BUCK4_ ; : BaClaTw | BUCKA VD ovD_ OCPN ocPL OCPH_ | oon
INTB = STAT STAT STAT STAT
STATUS_ LDOS5_ LDO5_
61h LDO5_ ; ; ; LS~ ovD_ ; . OCPH_ é/\'/\’/ 00h
INTB STAT STAT
STATUS_ LDO6_ LDO6_
62h LDO6_ ; ; ; LS P~ ovD_ ; . OCPH_ é/\'/\’/ 00h
INTB STAT STAT
STATUS_ LDO7_ LDO7_
63h LDO7_ ; ; ; LDS\ZB LS[’TiV¥7— ovD_ ; . OCPH_ él\-x/ 00h
INTE — STAT STAT
64h ; - ; ; ' . ; . . ; .
65h - - ] ] ; - ] - . - .
66h ; } ; ; } E ; E . ; .
67h - - ] ] ] - ] - . - .
68h ; } ; ; } E ; E . ; .
soh sl SUB_PMIC_ | DRMOS2_ DRMOS1_ PRSTB_ERR_ | ABIST ERR_| EEP ERR_ pBST- otP_ERR_ || - | oo
_ | ERR MASK | ERR MASK | ERR MASK MASK MASK MASK _ MASK RW
ERRB_1 | _ 4 MASK
6Ah Ry CMD_SHDN_ POFF_ PON_ osc_ QRO | uvio_vin_ TSD_ VREF_ERR_ (| -1 | o0
Al MASK ERR_MASK | ERR_MASK ERR_MASK s MASK MASK MASK RW
o8h Ry SYS_INT_ ) ) ) CHIPIF_ ) _ PRSTBWDT_ [ - | o0
oo || SHO_MASK AR ERR MASK || RW
MASK_ BUCKL_ BUCKL_ VLo
6Ch BUCKL BSLij—icl::)Kll\/I_J-\’\‘S-ll;_ ; ; ; . uvP_ ovP_ PVINL_STAT_ || 2= | oo
ERRB L MASK MASK MASK
MASK_ BUCK2_ BUCK2_ VLo N
6Dh BUCK2 e ; ; ; . uvP._ ovp_ | pviNz_STAT_ [ 7 | oon
_ERRB . MASK MASK MASK
MASK_ BUCK3_ BUCK3_ uVLO_ N
6Eh BUCK3_ D> AR ; ; ; . VP ovp_ | pviNa_STAT_ [ 7 | oon
ERRB - MASK MASK MASK
MASK_ BUCK4_ BUCK4_ VLo N
6Fh BUCK4_ e ; ; ; . uvP_ ovp_ | PviNa_STAT_ || 2= | oon
ERRB . MASK MASK MASK
MASK_ LDOS5_ LDOS5_ UVLO_ n
70h LDOS5_ PO ; ; ; . P ovp_ | PviNs_STAT_ || 2= | oon
ERRB . MASK MASK MASK
MASK_ LDO6_ UVLO_ n
71h LDO6_ PO ; ; ; . LDO8 P~ ovp_ | PviNe_STAT_ || 2= | oon
ERRB . MASK MASK
MASK_ LDO7_ LDO7_ UVLO_
72h LDO7_ SnoT N ; ; ; . osw7_Uve_| ovp_ | pviNz_STAT_ [l | oon
ERRB . MASK MASK MASK
MASK_ CHIP_IF_ WDT_ N
73h SYSTEM_ ; ; ; ; INT_ e INT TW_MASK R/V<l 00h
INTB MASK MASK
BUCKL_
MASK_ BUCKL TW_ | BUcki uvp_ | BYCKL OCPN_ BUCKL_ BUCKL_ -
74h BUCKL_ ; ; o o ovD_ S ocPL OCPH_ | oon
INTB . MASK MASK MASK
MASK
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Register Register . . . . . . . .
o e Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /;ElZECP Default
BUCKZ_
MASK_ BUCK2_TW_ | BUCK2_UVD_ BUCKZ_ OCPN_ BUCKZ_ BUCK2_ o
75h BUCKZ_ - - o MASK MasK ovD_ OPEXT OCPL_ OCPH_ aw | oon
INTB = MASK - MASK MASK
MASK
MASK_ BUCK3_ BUCK3_ BUCK3_ BUCK3_ N
76h BUCK3_ ; : o | BUGSSP- ovD_ OCPN_ OCPL_ OCPH_ R/V<I 00h
INTB - MASK MASK MASK MASK
MASK_ BUCK4_ BUCK4_ BUCK4_ BUCK4_ N
77h BUCK4_ ; : o | B P- ovD_ OCPN_ OCPL_ OCPH_ RIV<I 00h
INTB = MASK MASK MASK MASK
MASK_ LDO5_UVD_ LDOS_ LDOS_ o
78h LDO5_INTB ) . ) MASK OvD_ ) B OCPH_ RW 00h
- MASK MASK
MASK_ LDO6_UVD_ LDO6_ LDO6_ o
7oh LDO6_INTB ) . ) MASK OvD_ ) B OCPH_ RW 00h
- MASK MASK
LDO7_LDSW7_ | LDO7_ LDO7_ N
7Ah oS s ; : ; OvD_ ovD_ ; . OCPH_ R/V<l 00h
- MASK MASK MASK
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Register Map — continued

The default value is the value loaded after OTP_READ. OTP/EEP/I?C description in below table.
The registers of OTP = “O” is reflected OTP setting at OTP_READ state.
The registers of EEP = “E” can be overwritten by EEPROM setting.

The registers of I2C = “RW” can be overwritten by 1°C command.

The registers of I2C = “RWS” can be overwritten by I°C command in only STANDBY and GROUP_OFF state.
The registers of I2C = “RWSA” can be overwritten by I°C command in only STANDBY, ACTIVE, and GROUP_OFF state.
The registers of I2C = “RWSAF” can be overwritten by I1°C command in only STANDBY, ACTIVE, GROUP_OFF, and FAIL_SAFE

state.
The registers of I°C = “RO” is read only.
isgijs‘sesr Rﬁlgfl‘e&r Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /CIE:ZEE Default
d -I-/
00h V‘é‘; d‘;r— VENDOR([7:0] RO DBh
. O/-/
0lh Product Code PRODUCTI[7:0] RO 30h
d -I-/
02h :g?/is‘:g; REVISION[7:0] RO A2h
03h | degﬁf‘i’icca‘“:ion SYSTEM_NUMBER[3:0] DEVICE_ID[2:0] gg’ 00h
VENDOR To identify ROHM vendor ID.
PRODUCT To identify product ID. It be set by OTP.
REVISION To identify revision ID.
SYSTEM_NUMBER Combination setting by OTP, refer to Table 6.
DEVICE_ID Combination setting by OTP, refer to Table 6.
Register | Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /gg; Default
Address Name 2c
04h Write Protect WRITE_PROTECT[7:0] R/V<I 00h
WRITE_PROTECT All registers are locked. When write 0x9D, registers become writeable.
0x9D Writeable
Other Locked
Register Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /gg; Default
Address Name 2c
05h CRC ON CRC_ON([7:0] R/V<I 00h
CRC_ON 0xD6 I2C Data CRC mode
0xD9 I2C ALL CRC mode
Other Normal mode (without CRC)
Register Register : . ; . ; ; . . orp
Addrese Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EIZECP Default
OB cu i S S GO : B S TN A
PRSTB_L_MASK In (39h) PRSTB_ERR_OFF = 0 (PRSTB_ERR detection is active), when PRSTB_L be set,
PRSTB_ERR will be detected.
This mask has to be set to prevent this error.
0 Mask Disable
1 PRSTB_ERR Mask Enable
PRSTB_L_HIST Software RESET history
0 No detection of PRSTB L =0
1 When PRSTB_L = 0, latched to 1. When write 1, the bit is cleared.
PRSTB_L Software RESET
0 When “0” is written, PRSTB becomes L between 5 ms. After finish, it returns “1” automatically.
1 Normal working
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Register Map — continued

Register Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] ICE)-I?I::’ Default
Address Name 2c
-I-/
07h o= SOFT_RESET[7:0] rwear| 00N
08h SHUTDOWN SHUTDOWN][7:0] I%/VC 00h
SOFT_RESET 0x35 Software Reset. Refer to Figure 5.
Other No Software Reset
SHUTDOWN 0x57 Software Shutdown. Refer to Figure 5.
Other No Software Shutdown
Register Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /(ég:’ Default
Address Name 2c
09h SSCG - SSCG_WIDTH[2:0] - SSCG_FREQI[2:0] S\;\% 00h
SSCG_WIDTH Spread Spectrum Clock Generator WIDTH
000 0.4 %
001 2%
010 4%
0kl 6 %
100 8 %
101 10 %
110,111 Reserved
SSCG_FREQ Spread Spectrum Clock Generator Frequency
000 SSCG OFF
001 0.1 kHz
010 0.5 kHz
0kl 1.0 kHz
100 2.5 kHz
101 5.0 kHz
110,111 Reserved
Frequency
/F SSCG_WIDTH
Switching Frequency /I\ /\ AL
Typical 2.25 MHz or 4 MHz " \/ \/ \
____________
SSCG_FREQ
Figure 14. SSCG
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Register Map — continued

Register Register . B . . . . . . oTP
Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EIECP Default
S| e | el | mes | eoe | osea ) om o
Setting for BUCK / LDO mode.
LDO7_LDSW 0 LDO mode
1 Load SW mode
LDO7_EXTSW When LDO7_LDSW = 0, this setting is ignored. In LDO mode, Internal only.
0 Internal FET mode
1 External FET mode
BUCK1_IntFET / BUCK2_IntFET
0 Driver MOS mode
1 Internal FET mode
BUCK12_MULTI / BUCK34_MULTI
0 Single (1 phase)
1 Dual (2 phases)
Register | Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /gg; Default
Address Name 2c
o0Bh DISABLE_ LDO7_ LDO6_ LDO5_ BUCK4_ BUCK3_ BUCK2_ BUCK1_ OIE/ 00h
SET DISABLE DISABLE DISABLE DISABLE DISABLE DISABLE DISABLE RWS
Enable / Disable setting for each channel.
0 Enable
1 Disable
Register Register . : . 5 . . . . oTP
Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /;EIZEg Default
och P\?\ISDTI'E/;_ PRSTE_WDT[L:0] PRSIB-WDT_ PRSTB_WDT_TO_SEL[2:0] SW_FREQ[L:0] OB/ | gop
SW_FREQ - ) TO - : (C = RWS) RWSA
PRSTB_WDT Selection of PRSTB which is used for timeout.
And setting of association of reset signal to be output when WDT_ERR occurs.
When (41h) WDT_PRSTB_INTB = 1, this PRSTB will be L asserted.
00 PRSTB
01 ADD_PRSTB1
10,11 ADD_PRSTB2
PRSTB_WDT_TO Timeout setting of WDT enable from PRSTB H de-assertion.
If a control device cannot control WDT enable with in timeout time from PRSTB H de-assertion,
PRSTB_WDT_ERR will be detected.
0 OFF
1 ON
PRSTB_WDT _TO_SEL The time setting of timeout from PRSTB H de-assertion.
000 100 ms
001 200 ms
010 400 ms
011 600 ms
100 800 ms
101 1,000 ms
110 1,200 ms
111 1,400 ms
SW_FREQ Switching frequency for BUCK
00 2.25 MHz
01 4 MHz
10,11 Prohibit
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Register Map — continued

Register Register . B . . . . . . oTpP
Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //E|Eg Default
0Dh DIELL:\%K%N BUCK1_DELAY_PON[7:0] g\;\% 20h
OEh lel_li\iKébN BUCK2_DELAY_PON][7:0] g\;\% 30h
OFh | ey son BUCK3_DELAY_PON[7:0] é’\;\% 10h
100 | o o BUCK4_DELAY_PON[7:0] é’\;\% 70h
1| e Son LDO5_DELAY_PON([7:0] S\;\% 40h
120 | %oy LDO6_DELAY_PON([7:0] S\;\% 50h
13| e 5o LDO7_DELAY_PON([7:0] S\;\% 60h
an | RSB PRSTB_DELAY_PON[7:0] L | 8o
15h DE?X\?K;(SFF BUCK1_DELAY_POFF[7:0] Ro\jvEé 60h
16h DE?X\?K}%FF BUCK2_DELAY_POFF[7:0] Ro\jvEé 50h
17h DEEX?KI;%FF BUCK3_DELAY_POFF[7:0] g\;\% 70h
18h DEEX?K;%FF BUCK4_DELAY_POFF[7:0] g\;\% 10h
19h DEL':ADYO'E—OFF LDO5_DELAY_POFF[7:0] g\;\% 40h
1Ah DELIZD\DYOI(ibFF LDO6_DELAY_POFF[7:0] g\;\% 30h
1Bh | el bore LDO7_DELAY_POFF[7:0] g\;\% 20h
1Ch | perny Boer PRSTB_DELAY_POFF[7:0] g\;\% 00h
These registers are shared for basic EN, additional ADD_EN1, and ADD_EN2 power ON/OFF sequence.
When the (3Eh) ADD_EN1 or (3Fh) ADD_ENZ2 register is set, the channel’s delay registers become ADD_EN mode.
In case of EN mode:
Delay time setting from the EN signal for ON sequence or OFF sequence.
The EN pin debounce time typical 10 ps is added to this delay time.
0x00 2 us
0x01 to 0x80 128 ps to 16.384 ms (128 us step)
0x80 to OxAO 16.384 ms to 24.576 ms (256 us step)
0xAO0 to OxCO 24.576 ms to 40.960 ms (512 yus step)
0xCO to OxEO 40.960 ms to 73.728 ms (1.024 ms step)
OxEOQ to OxFF 73.728 ms to 137.216 ms (2.048 ms step)
In case of ADD_EN mode:
Delay time setting from the ADD_EN signal for ON sequence or OFF sequence.
The IF1_ADDEN1 / SYNC_ADDEN?2 pin debounce time typical 10 ps is added to this delay time.
Bit[7] to Bit[4] Ignored
0x0 2 us
0x1 to OxF 1.024 ms to 15.360 ms (1.024 ms step)
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Register Register . B . . . . . . oTpP
Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //E|Eg Default
1Dh GE?)ILDJTH BUCK2_SHD_GROUP[2:0] BUCK1_SHD_GROUP[2:0] g\;\% 00h
1Eh GE?)ILDJTDZ BUCK4_SHD_GROUP[2:0] BUCK3_SHD_GROUP[2:0] g\;\% 00h
1Fh P LDO6_SHD_GROUP[2:0] LDO5_SHD_GROUP[2:0] é’\;\% 00h
20h cnoupa SHD_INTB PRSTB_SHD_GROUP[2:0] LDO7_SHD_GROUP[2:0] é’\;\% 00h
XXX_SHD_GROUP (XXX: BUCK1 to BUCK4, LDO5 to LDO7, and PRSTB)
When the event (refer to Table 4) is detected and error CH becomes OFF,
also other CHs in the same group channels can become OFF by group setting of shutdown group.
0x0 A Group
0x1 B Group
0x2 C Group
0x3 D Group
0x4 E Group
0x5 F Group
0x6 G Group
0x7 H Group (individual shutdown. For example if BUCK1 and BUCK2 are in this group

and BUCK1 has an error, BUCK1 will shutdown and BUCK2 will not shutdown.

~

SHD_INTB When each interrupt event is detected, it is selectable in either CONTINUE or OFF.
0 CONTINUE, INTB notification only
1 OFF, INTB notification and shutdown
Register Register . . B B . . . . oTP
Addrese Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /;EIZECP Default
21h Iﬁt%{ﬁ BUCKZ_INI_VOUT[7:0] g\;\% CEh
BUCK2 O/E/
22h I VOUT BUCK2_INI_VOUT[7:0] Rws | AAh
23h ISE\C/E%T BUCK3_INI_VOUT[7:0] g\;\% 64h
24h |S|U\C/gtﬁ BUCK4_INI_VOUT[7:0] g\;\% ECh
Voltage setting for BUCK
0x00 to 0xC8 0.5Vto 1.5V (5 mV step)
0xC9 to OXEC 1.55V to 3.3V (50 mV step)
OxED to OxFF 3.3V
Register Register . ; . . . . . . orp
Addrese Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EIZECP Default
LDO5 O/E/
25h INI_VOGT LDOS5_INI_VOUTI[7:0] RWS 24h
26h INLI?\(/JOGGT LDO6_INI_VOUT[7:0] S\;\I/Eé 58h
27h INLI_D\?O76T LDO7_INI_VOUTI[7:0] Ig\ﬁé 78h
Voltage setting for LDO
0x00 to 0x78 0.3V to 3.3V (25 mV step)
0x79 to OxFF 3.3V
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Register Map — continued

isgijs‘sesr Rﬁlgfl‘e&r Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /CIE:ZEE Default
28h RS BUCKL_SRI[1:0] ; BUCKL_TUNE[4:0] CF;/V%’ 40h
29h B BUCK2_SRI[1:0] ; BUCK2_TUNE[4:0] CF’{V%’ 40h
2Ah Bes- BUCK3_SRI[1:0] ; BUCK3_TUNE[4:0] CF’{V%’ 40h
2Bh BLshe- BUCK4_SRI[1:0] ; BUCK4_TUNE[4:0] CF’{V%’ 40h

BUCK1_SR/BUCK2_SR /BUCK3_SR/BUCK4_SR
Slew rate for boot up and for voltage shift of tuning.

00 1V/ims
01 5V/ms
10 10 V/ims
11 20 V/Ims

BUCK1_TUNE / BUCK2_TUNE / BUCK3_TUNE / BUCK4_TUNE
Voltage tuning from initial voltage setting.
Even if this setting is changed, OVP threshold is not changed.
There is possibility OVP is detected, when low voltage channel is changed.

0x00 BUCKx_INI_VOUT (x: 1 to 4) +0 mV
0x01 BUCKx_INI_VOUT (x: 1 to 4) +10 mV

0XOF  BUCKx_INI_VOUT (x: 1 to 4) +150 mV
0x10 BUCKx_INI_VOUT (x: 1 to 4) -150 mV
0x11 BUCKx_INI_VOUT (x: 1 to 4) -140 mV

Ox1E BUCKXx_INI_VOUT (x: 1to 4) -10 mV
Ox1F BUCKXx_INI_VOUT (x: 1to 4) -0 mV
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isgijs‘sesr Rﬁlgfl‘e&r Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /CIE:ZEE Default
wos e, || oswoneg | wwos oL | o | g,
oo, || oeevonena | wwos ol | o5 | g
worgme. || werwonena | wwor ol | o | g

LDO5_RDIS /LDO6_RDIS / LDO7_RDIS
Discharge resistance setting
0 55 Q
1 Disable

LDO5_SR/LDO6_SR/LDO7_SR
Slew rate setting for boot up and voltage shift.
0 Slew rate = 1 V/ms when (25h to 27h) LDOx (x: 5 to 7) = 0x00 to 0x16, 0.300 V to 0.850 V setting
Slew rate = 2 V/ms when (25h to 27h) LDOx (x: 5 to 7) = 0x17 to 0x36, 0.875 V to 1.650 V setting
Slew rate = 4 VV/ms when (25h to 27h) LDOx (x: 5 to 7) = 0x37 to OxFF, 1.675 V to 3.300 V setting

1 Slew rate = 2 V/ms when (25h to 27h) LDOx (x: 5 to 7) = 0x00 to 0x16, 0.300 V to 0.850 V setting
Slew rate = 4 V/ms when (25h to 27h) LDOx (x: 5 to 7) = 0x17 to 0x36, 0.875 V to 1.650 V setting
Slew rate = 8 V/ms when (25h to 27h) LDOx (x: 5 to 7) = 0x37 to OxFF, 1.675 V to 3.300 V setting

LDO5_UVLO_LVL/LDO6_UVLO_LVL/LDO7_UVLO_LVL
UVLO level for PVINXx (x: 5 to 7)
If LDO7 is load SW mode, this setting has to be 0.

0 23V
1 16V
LDO5_MODE / LDO6_MODE / LDO7_MODE
Mode of LDO
If LDO7 is load SW mode, this setting is ignored.
00 LDOx_INI_VOUT (x: 5 to 7) voltage
01 SD_MODE (3.3 V or 1.8 V selected by LDOx_VOL_LVL (x: 5to 7))
10 LPDDR5_VTT_MODE (0.5 V or 0.3 V selected by LDOx_VOL_LVL (x: 5 to 7))
11 Prohibit

LDO5 VOL_LVL/LDO6_VOL_LVL/LDO7_VOL_LVL
Select voltage level
If LDO7 is load SW mode, this setting is ignored.
0 When LDOx_MODE (x: 5 to 7) = 00b LDOx_INI_VOUT (x: 5to 7)
When LDOx_MODE (x: 5to 7) = 01b 33V
When LDOx_MODE (x: 5to 7) = 10b 05V

1 When LDOx_MODE (x: 5 to 7) = 00b LDOx_INI_VOUT (x: 5to 7)
When LDOx_MODE (x: 5to 7) = 01b 1.8V
When LDOx_MODE (x: 5to 7) = 10b 0.3V

; ; OTP
Register Register . . ; . . . . .
Ad?jress Ngme Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //F_Igzg’ Default
2Fh DISCHG BUCK4_RDIS[1:0] BUCK3_RDIS[1:0] BUCK2_RDIS[1:0] BUCK1_RDIS[1:0] (;/VI%/ 65h

Discharge resistance for BUCK

00 55Q
01 30Q
10 22 Q)
1 Disable
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Register Register . B . . . . . . oTP
Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EIECP Default
30h ovP1 BUCK4_OVP[1:0] BUCK3_OVP[1:0] BUCK2_OVP[1:0] BUCK1_OVP[1:0] é’\;\% FFh
31h ovP2 LDO7_OVP[1:0] LDO6_OVP[1:0] LDO5_OVP[1:0] S\;\% 3Fh
OVP threshold
00 Prohibit
01 9%
10 15 %
1" 20 %
Register Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /%E; Default
Address Name °C
32h ggSH BUCK2_EXTR_OCP[1:0] BUCK2_INTR_OCPH[1:0] BUCK1_EXTR_OCP[1:0] BUCK1_INTR_OCPH[1:0] S\f\% ABh
33h OCPH1 BUCK4_OCPH[1:0] BUCK3_OCPH[1:0] S\;\/Eé 23h
34h S\j\% 2Ah
BUCK1_EXTR_OCP /BUCK2_EXTR_OCP
OCP threshold voltage of DRMOS using (refer to Table 3,0CP EXT block)
00 819 mV
01 947 mV
10 1075 mV
1" 1203 mV
BUCK1_INTR_OCPH /BUCK2_INTR_OCPH
OCP threshold of internal FET using for BUCK1 and BUCK2
00 1.5A
01 24 A
10 3.3A
1 42 A
BUCK3_OCPH / BUCK4_OCPH
OCP threshold for BUCK3 and BUCK4
00 3.00A
01 4.33A
10 5.66 A
1 7.00A
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F - OTP

Register Register . B . B . . . .

Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //E|Eg Default
35h OVD_UVD1 BUCK4_OVD_UVD[1:0] BUCK3_OVD_UVD[1:0] BUCK2_OVD_UVD[1:0] BUCK1_OVD_UVD[1:0] g\;\% FFh
36h OVD_UVD2 LDO7_OVD_UVD[1:0] LDO6_OVD_UVD[1:0] LDO5_OVD_UVD[1:0] g\;\% 3Fh

LDSW_ . . O/E/
37h UVD_UVP UVP_LDSW[2:0] - UVD_LDSWI[2:0] RWS 42h

BUCK1_OVD_UVD /BUCK2_OVD_UVD /BUCK3_OVD_UVD /BUCK4_OVD_UVD

OVD and UVD threshold for BUCK
The value is delta voltage against the VOUT voltage including DC accuracy from
register setting voltage.

00 Prohibit
01 Prohibit
10 -/+15 mV (accuracy -/+10 mV)
11 -/+20 mV (accuracy -/+10 mV)

LDO5_OVD_UVD /LDO6_OVD_UvVD/LDO7_OVD_UVD

UVP_LDSW

UVD_LDSW

OVD and UVD threshold for LDO

The value is delta voltage against the VOUT voltage including DC accuracy from register setting voltage.

When LDOx_INI_VOUT (x: 5 to 7) = 0x00 to 0x16 (0.300 V to 0.850 V)
00 Prohibit

01 Prohibit
10 -/[+15 mV (accuracy -/+10 mV)
11 -/+20 mV (accuracy -/+10 mV)

When LDOx_INI_VOUT (x: 5 to 7) = 0x17 to 0x36 (0.875 V to 1.650 V)
00 Prohibit

01 -/+18 mV (accuracy -/+14.3 mV)
10 -/+30 mV (accuracy -/+14.3 mV)
11 -/+40 mV (accuracy -/+14.3 mV)

When LDOx_INI_VOUT (x: 5 to 7) = 0x37 to OxFF (1.675 V to 3.300 V)
00 Prohibit

01 -/+36 mV (accuracy -/+27.6 mV)
10 -/+60 mV (accuracy -/+27.6 mV)
11 -/+80 mV (accuracy -/+27.6 mV)
UVP setting when LDO7 is load SW mode. Int is internal FET mode, Ext is external FET mode.
000 150 mV (Int), 50 mV (Ext)

001 150 mV (Int), 60 mV (Ext)

010 200 mV (Int), 70 mV (Ext)

oM 200 mV (Int), 80 mV (Ext)

100 250 mV (Int), 90 mV (Ext)

101 250 mV (Int), 100 mV (Ext)

110 250 mV (Int), 110 mV (Ext)

111 250 mV (Int), 120 mV (Ext)

UVD setting when LDOY is load SW mode. Int is internal FET mode, Ext is external FET mode.
000 50 mV (Int), 30 mV (Ext)

001 50 mV (Int), 40 mV (Ext)

010 100 mV (Int), 50 mV (Ext)

011 100 mV (Int), 60 mV (Ext)

100 150 mV (Int), 70 mV (Ext)

101 150 mV (Int), 80 mV (Ext)

110 200 mV (Int), 90 mV (Ext)

111 200 mV (Int), 100 mV (Ext)
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; . oTP
Register Register . . . . . . . .
A d?jress Ngme Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EI;ECP Default
MASK_ ) . OIE/
38h pudy OVD_MASK_TIME[3:0] UVD_MASK_TIME[3:0] aws | 220
MASK_ PRSTB_ERR_ CHIP_IF_ i i ) OlE/
39h oNTS oFf SHD, OFF TW_MASK_TIME[3:0] s | 82

OVD_MASK_TIME, UVD_MASK_TIME, TW_MASK_TIME
When over voltage, under voltage, or thermal warning is detected longer than this mask time, the XXX_OVD_STAT,
XXX_UVD_STAT, YYY_TW_CH_STAT, or TW_STAT register becomes 1 and it is informed from the
INTB_ADDPRSTB1 pin. (XXX: BUCK1 to BUCK4 and LDOS5 to LDO7, YYY: BUCK1 to BUCK4)

PRSTB_ERR_OFF

CHIP_IF_SHD_OFF

0x0 to OxF 4 pus to 64 ps (4 ys step)
In case of LDSW7 mode, UVD_MASK_TIME setting is following.
0x0 Prohibit
0x1 to OxF 4 ys to 32 ps (2 s step)
The mask of shutdown when PRSTB_ERR is detected.
0 Shutdown when PRSTB_ERR
1 Not shutdown

The mask of shutdown when IF1 and IF2 function communication error occurs.

0 Shutdown when IF communication error
1 Not shutdown
Register Register Bit[7 Bit[6 Bit[5 Bit[4 Bit[3 Bit[2 Bit[1 Bit[O /%E; Default
Adoress | home it[7] it[6] it[5] it[4] it[3] it[2] it[1] it[0] EEP | Defau
POFF_ . . O/E/
3Ah OVERTIME PON_OVERTIME[2:0] - POFF_OVERTIME[2:0] RWS 11h

PON_OVERTIME, POFF_OVERTIME
Setting of time over for power ON or power OFF.
When power ON sequence time or power OFF sequence time is over this time, PON_ERR or POFF_ERR occurs.

0x0 to Ox7 64 ms to 512 ms (64 ms step)
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Register Register Bi B . . . . . . oTP
Address Name it[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EIECP Default
EN_STAT INTB PRSTB PRSTB_ BIST_ON H
3Bh PIN BIST (rea_d only) EN_CTRL_SEL| EN_CTRL_ON MANUAL MANUAL MQII\LUSAKL_ DEMAND RW 18h
EN_STAT The EN pin input value read back.
0 The EN pin is low voltage.
1 The EN pin is high voltage.
EN_CTRL_SEL When EN_CTRL_ON = 1, Power ON/OFF sequence is controlled by EN_CTRL_SEL
instead of the EN pin input.
0 Start OFF sequence
1 Start ON sequence
EN_CTRL_ON EN_CTRL_SEL function enable / disable.
0 EN_CTRL_SEL Disable
1 EN_CTRL_SEL Enable
INTB_MANUAL, PRSTB_MANUAL Control the INTB_ADDPRSTB1 pin or the PRSTB pin manually for system BIST.
0 The pin is forced L.
1 Normal

PRSTB_MANUAL_MASK

BIST_ON_DEMAND

In (39h) PRSTB_ERR_OFF = 0 (PRSTB_ERR detection is active),
when PRSTB_MANUAL be set, PRSTB_ERR will be detected.
This mask has to be set to prevent this error.

0 Mask Disable

1 PRSTB_ERR Mask Enable

Analog BIST (OVD/UVD/TW detection comparator check) run.
0 No action

1 ABIST run. After finish, it returns “0” automatically.
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- - oTP
Register Register . . . . . . . .
Pusctingd N Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EIZECP Default
3ch ALWAYS_ PRSTB_ LDO7_ LDO6_ LDOS5_ ABLl\ijAK\?s_ ABLl\j\ICAKY3§ ABLl\j\ICAKYZST ABLL\;VCAKYlS_ O/% | oon
ON ALWAYS ON | ALWAYS ON | ALWAYS ON | ALWAYS_ON — - — - [ rwsa
— — . . ON ON ON ON
ADD_ ) , ADD_PRSTBL_ ) OJE/
3Dh fsacy ADD_PRSTB2_DELAY([L:0] ADD_PRSTB2[1:0] DL AYILO] ADD_PRSTBL[1:0] 25| oon
ath ADD ENL PRSTB_ LDO7_ LDO6_ LDOS5_ BUCK4_ BUCK3_ BUCK2_ BUCKL_ O | oon
. ADD_ENL ADD_EN1 ADD_EN1 ADD_EN1 ADD_ENL | ADD ENL | ADD ENL | ADD _ENL RO
ah ADD EN2 PRSTB_ LDO7_ LDO6_ LDOS_ BUCK4_ BUCK3_ BUCK2_ BUCKL_ O | oon
. ADD_EN2 ADD_EN2 ADD_EN2 ADD_EN2 ADD_EN2 | ADD EN2 | ADD EN2 | ADD EN2 RO

XXX_ALWAYS_ON (XXX: BUCK1 to BUCK4, LDOS to LDO7, and PRSTB)

Always ON setting.

0 Normal ON / OFF sequence
1 Forced Power ON

ADD_PRSTB1_DELAY /ADD_PRSTB2_DELAY

ADD_PRSTB2

ADD_PRSTB1

XXX_ADD_EN1

XXX_ADD_EN2

The power ON delay time setting from final channel boot-up for ADD_PRSTB1 or ADD_PRSTB2.
For power OFF delay time, it is fixed 2 ps.

00 2 us

01 1.211 ms

10 4.845 ms

11 9.690 ms

Selection of the ERRB_ADDPRSTB2 pin function.

00 ERRB (ADD_PRSTB2_DELAY = 00b, 01b, 10b)
or ERRB_GPO (ADD_PRSTB2_DELAY = 11b)

01 ADD_PRSTB2 function for ALWAYS_ON channel

10 ADD_PRSTB2 function for ADD_EN1 channel

11 ADD_PRSTB2 function for ADD_EN2 channel

Selection of the INTB_ADDPRSTB1 pin function.

00 INTB (ADD_PRSTB1_DELAY = 00b, 01b, 10b)
or INTB_GPO (ADD_PRSTB1_DELAY = 11b)

01 ADD_PRSTB1 function for ALWAYS_ON channel

10 ADD_PRSTB1 function for ADD_EN1 channel

11 ADD_PRSTB1 function for ADD_EN2 channel

(XXX: BUCK1 to BUCK4, LDOS to LDO7, and PRSTB)

Setting the boot channel associated with the ADD_EN1 function.

When any one of the ADD_ENT1 registers becomes 1, the IF1_ADDEN1 pin functions as the ADD_EN1
function.

This setting can be used when SYSTEM_NUMBER is 0 (standalone mode).

In other SYSTEM_NUMBER setting, don’t set this register, the IF1_ADDEN1 pin is used for IF1 function.
0 Normal ON / OFF sequence

1 Power ON/OFF controlled by the IF1_ADDEN1 pin.

(XXX: BUCK1 to BUCK4, LDOS to LDO7, and PRSTB)

Setting the boot channel associated with the ADD_EN2 function.

When any one of the ADD_EN2 registers becomes 1, the SYNC_ADDENZ2 pin functions as the ADD_EN2
function.

0 Normal ON / OFF sequence
1 Power ON/OFF controlled by the SYNC_ADDEN?2 pin.
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Register Register . B . . . . . . oTP
Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EIECP Default
40h WDT_SET1 FAST_TO[2:0] - - RATIO_TO[1:0] R/V</ 02h
WDT
41h WDT_SET2 SI\_ACIJE\)IJI\]D PRSTI§_ WDT_TYPE WDT_ENJ[1:0] I%/VC 00h
INTB
42h WDT_SET3 WDT_IFRST I%/VC 00h
FAST_TO Fast time out setting for WDT.
About the fast and slow timetable, refer to Table 8.
0x0 1ms
0x1 2ms
0x2 4 ms
0x3 8 ms
0x4 16 ms
0x5 32 ms
0x6 64 ms
0x7 128 ms
RATIO_TO Ratio setting of slow time out for WDT.
About the fast and slow timetable, refer to Table 8.
0x0 Fast:Slow=1:2
0x1 Fast:Slow=1:4
0x2 Fast:Slow=1:8
0x3 Fast: Slow=1:16
WDT_SLOWMD Time counter mode setting when over the slow time limit.
0 Time counter is not cleared.
Also in this setting, if slow time out is detected again, fail counter will be added +2.
1 Time counter is cleared to 0, and re-count.

WDT_PRSTB_INTB

Indication setting when WDT_ERR is detected.

0 L assert to INTB
1 L assert to INTB
and also L assert PRSTB which is selected by (0Ch) PRSTB_WDT register for 5 ms.
WDT_TYPE Select of WDT time judge
0 Window Type (Fast Timeout and Slow Timeout)
1 Timeout Type (Slow Timeout only)
WDT_EN Enable of WDT
This register can be set after PRSTB signal H de-assertion.
The signal is selected in the (0Ch) PRSTB_WDT register.
This register is cleared when the signal is L asserted.
00 Disable
01 WDT _IF_EN: Enable for IF access WDT
10,11 WDT_QA_EN: Enable for Q&A WDT
WDT_IFRST Reset for WDT counter when IF access WDT mode (WDT_EN = 01b).
0 No function
1 Clear counter. This bit returns to “0” automatically.
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Register Map — continued

Register Register . B . . . . . . oTP
Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EIECP Default
43h e W(EL;—ngg)O] - - WDT_FCSET[L:0] o | ozn
WDT_FC Read back fail counter value.
0x0 to OxF Fail counter value
WDT_FCSET Maximum fail counter value. When fail counter reaches this value, WDT_ERR occurs.
00 1
01 3
10 7
11 13
Register Register . B . . . . . . oTpP
Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //E|Eg Default
WDT_QA -1
44h SEEQD = - - - WDT_SEED[4:0] RW 00h
45h WDTfQGA—QCF - - - WDT_QCFG[4:0] R/V</ 00h
WDT_QUESTI -1
46h —(?N - - - WDT_Q[4:0] RO 00h
ath | WOTANSWE WDT_A[7:0] F'!\',(, 00h
WDT_ANSWE -1
48h R:TYPE - - - - - - WDT_ANSTYPE[1:0] RW 00h
WDT_SEED Seed Value for WDT_Q. For the detail, refer to Figure 27 and Figure 28.
0x00 to Ox1F
WDT_QCFG WDT Question Configuration Setting. For the detail, refer to Figure 27 and Figure 28.
0x00 to Ox1F
WDT_Q WDT Question
0x00 to Ox1F
WDT_A WDT Answer for QA type WDT
Write 8-bit answer which is calculated by Figure 29.
WDT_ANSTYPE WDT Answer Type selection. For the detail, refer to Figure 29.
0x0 to Ox3
Register Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /I(?I;:’ Default
Address Name 2c
G C G -I-1
aon | AR - - : - - : : clear | "ciear ~ || mw | oon
WDT_FC_CLEAR Clear (43h) WDT_FC register which is fail counter.
0 No function
1 Clear. This bit returns to “0” automatically.
WDT_FLAG_CLEAR Clear (4Ah) ST_WDT_SLOW, ST_WDT_FAST, ST_WDT_BE_DET register.
0 No function
1 Clear. This bit returns to “0” automatically.
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Register Map — continued

Register Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] ICE)-I?I::’ Default
Address Name 2c
w | wor_smar Suer | Suer | sgwer | supr | srwer | ster | | oo
4Bh
ST_WDT_ANSNG Status register which WDT answer is not correct.
0 No detected
1 Detected
ST_WDT_SLOW Status register of WDT slow timeout.
0 No detected
1 Detected
ST_WDT_FAST Status register of WDT fast timeout.
0 No detected
1 Detected
ST_WDT_OPEN Status register of time counter.
0 Time counter is under fast timeout, or over slow timeout.
1 Time counter is between fast timeout and slow timeout.
ST_WDT_ERR Status register of WDT error.
0 No detected
1 Detected
ST_WDT_BE_DET Status register of bad event.
Bad event is WDT_ANSNG, WDT_SLOW, and WDT_FAST.
0 No detected
1 Detected
Register | Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /CE)E; Default
Address Name 2c
-1l
4ch 'E'\I‘Q%fg% ERRB_GPO NTB_GPO [ 27 | oon
ERRB_GPO Output Low or High-Z to the ERRB_ADDPRSTB2 pin when GPO mode.
(ADD_PRSTB2_DELAY = 11b and ADD_PRSTB2 = 00b).
0 Low output
1 High-Z output
INTB_GPO Output Low or High-Z to the INTB_ADDPRSTB1 pin when GPO mode.
(ADD_PRSTB1_DELAY = 11b and ADD_PRSTB1 = 00b).
0 Low output
1 High-Z output
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Register Map — continued

Register Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] ICE)-I?I::’ Default
Address Name 2c
4Fh INTERNAL INTERNAL_STATE[3:0] ;é 00h
INTERNAL_STATE Internal state read back.
0x0 to 0x8 Reserved
0x9 STANDBY
0xA POWER_ON
0xB ACTIVE
0xC POWER_OFF1
0xD GROUP_OFF
OxE POWER_OFF2
OxF FAIL_SAFE
Register Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /%E’; Default
Address Name e
Main-PMIC and Sub-PMIC ERROR status register
1 is set when each Main-PMIC or Sub-PMIC device detects ERRB event (Not included INTB event).
When write 1, the bit is cleared.
0 No detected
1 Detected
Register | Register Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] /CE)E; Default
Address Name c
s | e |l | PoR | ipes | egoe | e | msoe. | osed | SEEe | o
Each channel status register read back.
SYSTEM_STAT = OR of each bit of 52h, 53h, 54h, and 5Ch.
BUCK1_STAT = OR of each bit of 55h and 5Dh.
BUCK2_STAT = OR of each bit of 56h and 5Eh.
BUCK3_STAT = OR of each bit of 57h and 5Fh.
BUCK4_STAT = OR of each bit of 58h and 60h.
LDO5_STAT = OR of each bit of 59h and 61h.
LDO6_STAT = OR of each bit of 5Ah and 62h.
LDO7_STAT = OR of each bit of 5Bh and 63h.
www.rohm.com
© 2020 ROHM Co., Ltd. All rights reserved. 50/71 TENTATIVE

TSZ22111 « 15« 001

5.Apr.2024 Rev.001


http://www.rohm.com/

BD96801Q30-C Datasheet

Register Map — continued

Register Register . B . . . . . . oTP
Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EIECP Default
52h g@i‘éﬁr SUB_PMIC_ DRMOS2_ DRMOS1_ PRSTB_ ABIST_ EEP_ DBIST_ OTP_ -1 ooh
ERRB 1 ERR_STAT ERR_STAT ERR_STAT ERR_STAT ERR_STAT ERR_STAT ERR_STAT ERR_STAT RW
53h g@i‘éﬁr CMD_SHDN_ | POFF_ERR_ PON_ERR_ OSC_ERR_ OVLO_VIN_ | UVLO_VIN_ | op grat | VREF_ERR_ -1 ooh
ERRB 3 STAT STAT STAT STAT STAT STAT = STAT RW
STATUS
— SYS_INT_ CHIP_IF_ PRSTB_WDT_ || -/-/
54h SgRSFIBEMe,_ SHD . ) ) ERR_STAT B B ERR_STAT RW 00h
System error status register
1 is set if any ERRB event is detected. When write 1, the bit is cleared.
SUB_PMIC_ERR_STAT Sub-PMIC detects errors.
CMD_SHDN_STAT (08h) SHUTDOWN done.
SYS_INT_SHD (5Ch) TW_STAT was detected for 512 ys when (20h) SHD_INTB = 1 and system shutdown.
For other error event detail, refer to Table 3.
Register Register Bit[7 Bit[6 Bit[5 Bit[4 Bit[3 Bit[2 Bit[1 Bit[O /22; Default
Address Name i) ite] it[s] e 3 2l A 1ol N’C e
55h SBTJ\CT:(JlS— BUCK1_INT_ A B B . BUCK1_ BUCK1_ UVLO_ -1 ooh
ERRB SHD UVP_STAT OVP_STAT PVIN1_STAT RW
STATUS_ BUCK2_ BUCK2_
sen | Bucke || PUCEEINT- : : : » uve_ OVP " | by STaT || Aw | OO
ERRB STAT STAT —
STATUS_ BUCK3_ BUCK3_
st | Bucks_ || PUCEINT- : : : » Uve_ OVP " | by STaT || Aw | OO
ERRB STAT STAT —
STATUS_ BUCK4_ BUCK4_
58h BUCK4_ BUCKAINT- ; ; ; \ UVP_ ovP_ e F'e/\',(, 00h
ERRB STAT STAT -
50h *lbos ~ || DosINT. - - - - o oo UVLO_ | oon
ERRE SHD STAT STAT PVIN5_STAT || RwW
5ah “lbos ~ || DosINT. - - - - T e UVLO_ 1| oon
ERRE SHD STAT STAT PVING_STAT || RwW
STATUS_ LDO7_ LDO7_
58h LDO7_ LD%L—[')NT— ; ; < . LDSW7 UvP_| OvP_ PV%‘-% ar | mw | oon
ERRB STAT STAT =
Each channel error status register
1 is set if any ERRB event is detected. When write 1, the bit is cleared.
XXX_INT_SHD (XXX: BUCK1 to BUCK4 and LDOS to LDO7)
Each channel interrupt event (5Dh to 63h) is detected for 512 pys when (20h) SHD_INTB = 1
and the channel and same group channel shutdown.
For other error event detail, refer to Table 3.
www.rohm.com TENTATIVE

© 2020 ROHM Co., Ltd. All rights reserved. 51/71
TSZ22111 + 15« 001 5.Apr.2024 Rev.001


http://www.rohm.com/

BD96801Q30-C

Datasheet

Register Map — continued

) ) oTP
Register Register . B . B . . . .
Address Name Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0] //EIECP Default
STATUS_ CHIP_IF_ WDT_ B
5Ch SYSTEM_ ; : ; ; INT_ - INT TW_STAT R/V</ 00h
INTB STAT STAT
BUCKL_
STATUS_ BUCK1_TW BUCK1_UVD BUCKI_ OCPN BUCKI_ BUCKI_ -
5Dh BUCK1_ - - CH STAT™ STAT - OoVD_ ocPEXT STA |  OCPL OCPH_ RW 00h
INTB — STAT T STAT STAT
BUCK2_
STATUS_ BUCK2_TW BUCK2_UVD BUCKZ_ OCPN BUCKZ_ BUCK2_ -
5Eh BUCK2_ - - CH STAT™ STAT - OoVD_ ocPEXT STa | OCPL OCPH_ RW 00h
INTB — STAT T STAT STAT
STATUS_ BUCK3_ BUCK3_ BUCK3_ BUCK3_ ” A
5Fh BUCK3__ ; : BUCKI TN | BUCE VD ovD._ OCPN_ OCPL_ OCPH__ R/VC 00h
INTB — STAT STAT STAT STAT
STATUS_ BUCK4_ BUCK4_ BUCK4_ BUCK4_
60h BUCK4._ ; : BUCKE T | BUCKALVD_ ovD_ OCPN_ OCPL_ OCPH__ él\}c 00h
INTB — STAT STAT STAT STAT
STATUS_ LDO5_ LDO5_
61h LDOS5_ ; : ; LDOS_UVD_ ovD_ . . OCPH_ él\}c 00h
INTB STAT STAT
STATUS_ LDO6_ LDO6_
62h LDO6_ - - - '-DOSGT—:TVD— ovD_ - - OCPH_ F;’(,(, 00h
INTB STAT STAT
STATUS_ LDO7_LDSW7_ LDO7_ LDO7_ N
63h LDO7_ - - - UVD_ ovD_ - - OCPH_ RW 00h
INTB STAT STAT STAT
System and each channel error status register
1 is set if any INTB event is detected. When write 1, the bit is cleared.
For error event detail, refer to Table 3.
Register Register Bit[7 Bit[6 Bit[5 Bit[4 Bit[3 Bit[2 Bit[1 Bit[O /%2!2 Default
Addrose N 7 (61 (5] 4 3] 2 1 (0] BEs
soh S:‘("QTS;—A SUB_PMIC_ DRMOS2_ DRMOS1_ PRSTB_ERR_ | ABIST_ERR_| EEP_ERR_ DEBFL%T— OTP_ERR_ - ooh
— ERR_MASK ERR_MASK ERR_MASK MASK MASK MASK — MASK RW
ERRB_1 MASK
to
LDO7_ LDSW7_ LDO7_ LDO7_
7Ah LD"é’;S:L—TB ; ; ; OvD_ ovD_ . . OCPH_ F'e/\',(, 00h
- MASK MASK MASK
These registers are indication MASK register.
For example when OTP_ERR is detected, system shutdown even if OTP_ERR_MASK = 1.
0 Indication to the ERRB_ADDPRSTB2 pin or the INTB_ADDPRSTB1 pin
1 No indication
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I2C Protocol Description

I2C Protocol Basic
1ch I2C Interface is implemented.

S! Il Il I Il I I L I P
START ADDRESS R/W ACK DATA ACK DATA ACK STOP
condition condition

Figure 15. 12C SDA/ SCL

<Single I°C Register Write Protocol>

[ s[as]as[m[a3[a2]at[ao] oJA] [ | [ [ [ [ [ [A]o7[os[ps|p4[p3[p2][pi[po[A]r ] | _|From controller to Target
W - From Target to Controller
Device Address Register Address Write Data START condition

ﬂ STOP condition
Acknowledge
<Single I°C Register Read Protocol> Not Acknowledge
[s]as]as|ma[ms]me]afmo] o[A] [ T T T T T [ [TAls]re][rs]a][as[a2[ai]ro] 1]A[p7][D6[D5][D4]D3][D2[D1[DO[NA] P |

Device Address Register Address Device Address Read Data

<Multi i i col>
s [ae[as|ma[ms[m2]at[aof o [A] T [ [ [ [ [ [ [A][p7[ps[ps[p4]p3[p2[D1[DO[ A
Device Address Register Address (N) Write Data (Addr:N)
v
[p7]ps[p5[p4]p3[D2[D1[DO[A] [ [ [ [ [ [ [ [A][p7[ps[ps[p4]p3[p2]D1[DO[AT P |
i Write Data (Addr:N+1) ] Address auto increment i Write Data A
<Multi 2 i Protocol
s [re[as[maf[m3]m2]atfmo] o JAT T T T T T T T TATs][re[as[aa][as][A2[ai]ao] 1 [A[D7][D6[D5][D4]D3[D2[D1[D0] A
W ; iR ;
Device Address Register Address (N) Device Address Read Data (Addr:N)
p7[pe[os[p4[papz[pifoof Al [ [ [ [ [ [ [ [a[ T T [ T [T T [najp]
Read Data (Addr:N+1) i Address auto increment Read Data A

Figure 16. I2C Command Configure

Device Address
Support 7bit Address mode
Device Address: 0x60 (When 8bit description, it is 0xCO in Write mode and 0xC1 in Read mode.)

Speed Mode Frequency
(1) Fast mode (1) Fast mode: Max 400 kHz
(2) Fast mode plus (2) Fast mode plus: Max 1MHz
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I2C Protocol Description — continued
I2C Protocol with CRC
DATA CRC Mode

DATA CRC Single Mode

e st oo AL T T T T T T T TAloroelosloalmalozloiloelal [ 1 T T T T TAlF]
‘W H N ] H

Device Address A : Register Address o Write Data ) CRC fode

- From Controller to Target
- From Target to Controller
START condition

| P |STOP condition
Acknowledge

Not Acknowledge

<Sj 2 i col>
s [re[as[aa|as[mz[at[mof o [AT T T T T [ T T TAJs]ns[as]ra][as]a2][a1][ac] 1 [A]p7[p6[D5[D4a[D3[D2[Da[Do] AT [ [ [ T T [ T [NA[P]
W : ; iR . :

Device Address A ) Register Address V ) Device Address L Read Data ) CRC gode
(

L J
(

DATA CRC Burst Mode

2

- From Controller to Target

<B i | col>
s [as[as[aa]as][me[at[aof o [AT T T T [ T [ [ TAJp7]pe[ps[p4[ps[pzpifoofA] T T T T T T [ [A [ |From Target to Controller
Device Address Register Address (=N) | Write Data (Addr:N) CRC Code START condition
Y f ﬂ STOP condition
H Acknowledge
v I NA|Not Acknowledge
(7[oeosoafosozfoafoofA] [ T T T T T T TAT TT T I/T T T TAT T T T T T 1T TATP] | ¢
"Wiite Bata (AddrN+i) T, TERE gode L ,TTTTTERE ode :
X X
<B 2 i col>
s [as|as|aafas[me[atfaof o [AT T T T T T T T TAIs[re[as]ma]as[a2]ai]ao] 1 [A[D7[D6[D5[D4[D3[D2[Di[Do] Al T T [T T T T T TA]
H W i :R i i |
Device Address Register Address (=N) Device Address __ Read Data (Addr:N) CRC gode
X
M /
[o7[pe[ps[oa[ps[pz[pifool Al [ [T T [ [ [ [ Ja[ T T T I//,/I [T TAT T T T T T T T InalP]
\"Read Bata (AddrN+1) , ERE fode L ;RS gode '
X I
Figure 17. DATA CRC Mode
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I2C Protocol Description — continued
ALL CRC Mode

ALL CRC Single Mode

- From Controller to Target

<Single 1°C Redister Write Protocol>
s[ne]as[mafms]mefatfaol o JAT T T T T T 1

- From Target to Controller

| Device Address | CRC Code ] Register Address | CRC Code START COn(.]{tIOH
X A Y A n STOP condition
Acknowledge
Not Acknowledge
p7[pe[ps[p4[p3[p2[pi[pofA] | T [ [ [ [ [ TAJP]
:\ iWirite Data o ERe iode
|1

<Single I°C Register Read Protocol>
slrelms|mfmfmlafrfofA] [ [ T [ T T [T TAT T T T T T T TTATTTTTTTTTA

H w H :
| Device Address ) CRC $Code L Register Address | CRC gode
Y |1
s [re]As[aa]a3]A2][AL]A0] 1 [AD7[D6[D5[D4[D3[D2[DI[DO[ AT T [ [ T [ [ T [NA[P]
Device Address Read Data CRC Code
i 4
ALL CRC Burst Mode
<Burst I°C Redister Write Protocol> - From Controller to Target
slaelmsfmlmlmfmlmlofA] [ [ [ [ T T [ [AT T T T T T T[T TATTTTTTTTTA [ |From Target to Controller
L Device Address | CRC Code | Register Address (=N) CRC Code START condition
Y f Y E STOP condition
Acknowledge
Not Acknowledge
p7[p6[Ds5[p4a[p3[D2[p1[Do]A] [ [ [ [ [ [ [ [AJ[p7[pe[ps[pa[p3[p2[pifoofA] T [T [T [ T [ [ [A
L Write Data (Addr:N) , V CRC Eode - V\ Write Data (Addr:N+1) ) V CRC Code
i Il
/]
[ T T I/ T T Al TT T T T T 1 Tafe]
‘ CRC Code
{ J
Y s
<Burst I°C Reqister Read Protocol>
s [ne[as[aa[ms]me[aifmo] oJAT T [ [ [ [ T T [T T T T T [T T TTTTTa
: W : P [
_ Device Address ) CRC Code | Register Address (=N) CRC Code
Y A Y
[s]as[As[ma[as][a2][AL]A0] 1 [A[D7][D6[Ds[D4[D3[D2[Di[Do] Al T [T T T T T T JA
iR H :
Device Address l Read Data (Addr:N) CRC Code
* s
//
[T T T T T T Ial T T T T T I TAalT T I////I [T TAT T T T T T T T Inar]
| Read Data (AddrN+1) | CRC Code L . CRC Code '
T T 4

Figure 18. ALL CRC Mode
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I2C Protocol Description — continued
CRC Calculation for EEPROM and I2C
CRC Polynomial: X8 + X5 + X4 + 1

Default Value: 0x00
Bit Order: MSB

&
&

Input bit @ XOR
koo o | o]z |l4} el 7]

Figure 19. CRC Calculation
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I2C Protocol Description — continued

Timing diagram and Electric Characteristics

SDA / SCL have timing constraints as shown below.

SDA

START

-

tsu;paT

I \
|
CViL_i2c -

SCL

SDA

SCL

VIH_12c

I tHD;DAT
|
u
1Y ViH_12c ’ \ o
_: ViL_i2c y -
and
tHD;sTA 1fscL
tsp
~ 7 - |«
: VIH_12c
|

tsu;sTal

-l
repeated
START

Figure 20. SDA/ SCL Timing

Table 7. Electric Characteristics of 12C Protocol

ViL_i2c

tHiGH

-
|

| |
| |
|
|
|
|
|
|
|

STOP

ViH_12c

START

ViH_i2c = 1.2 V (Min).
ViL_zc = 0.5 V (Max).

Parameter Symbol | Min | Typ | Max | Unit

<I?C BUS format>
SCL clock frequency fscL - - 1000 kHz
Hold time (repeated) START condition - 0.26 i ) us
After this period, the first clock is generated ’ '
Low period of the SCL clock tLow 0.5 - - us
High period of the SCL clock tHIGH 0.26 - - us
Set-up time for a repeated START condition tsu;sTA 0.26 - - us
Data hold time tHD;DAT 0 - - us
Data set-up time tsu;paT 50 - - ns
Rise time of SDA and SCL tr - - 120 ns
Fall time of SDA and SCL t - - 120 ns
Set-up time for STOP condition tsu;sTo 0.26 - - us
Bus free time between a STOP - 05 i ) us
and START condition
Data valid time tvD;pAT - - 0.45 us
Pulse width of spikes that must be suppressed

. ) tsp - - 50 ns
by the input filter
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Watch Dog Timer Protocol Description
Watch Dog Timer Enable Timeout and Automatically OFF

If a control device cannot control WDT enable, WDT cannot detect error. To prevent this situation, there is timeout function from
PRSTB signal H de-assertion. This function is enabled by (0Ch) the PRSTB_WDT_TO register. If WDT enable is not set with in
the time from PRSTB signal H de-assertion, PRSTB_WDT_ERR is detected and system shutdown. Register unlock (04h
WRITE_PROTECT = 0x9D) and WDT_EN have to be set before the timeout.

PRSTB signal is selected from PRSTB, ADD_PRSTB1, or ADD_PRSTB2 by the PRSTB_WDT register.

The time of timeout is selected between 100 ms and 1400 ms by the PRSTB_WDT_TO_SEL register.

When PRSTB signal is L asserted, also WDT enable is set OFF automatically regardless PRSTB_WDT_TO setting.

This is including also software reset which is in the (06h) PRSTB_L register and system pin BIST which is in the (3Bh)
PRSTB_MANUAL register. After software reset or system pin BIST, WDT enable have to be set again.

If PRSTB_WDT is ADD_PRSTB1 or ADD_RSTB2 setting, WDT enable is not set OFF by PRSTB_L or PRSTB_MANUAL.

To OFF after WDT enabled in this mode, the way is to set PRSTB_WDT_TO = 0 first and to set WDT_EN = 00b.

When PRSTB is asserted, When there is not WDT
also WDT enable is set OFF enable, system shutdown.
automatically.

PRSTB or ADD_PRSTB1
or ADD_PRSTB2 signal timeout time
>

<>
WDT enable timeout time

(WDT_QA_EN or WDT_IF_EN) .
set enable via 12C

Figure 21. WDT Enable Timeout

Watch Dog Timer Protocol

Watch Dog Timer (WDT) function is enabled by the register setting (41h) WDT_EN. This function is valid after H de-assertion of
PRSTB which is selected by (0Ch) PRSTB_WDT register.

By WDT_IF_EN = H setting, IF type WDT is enabled. WDT monitors the duration of the I?C write command to the WDT_IFRST
register.

By WDT_QA_EN = H setting, QA type WDT is enabled. WDT monitors the duration of the I°C write command to the WDT_A[7:0]
register and the correctness of the value of WDT_A[7:0].

Regarding the calculation of WDT Correct Answer, refer to Figure 27 to Figure 29.

There are 2 types regarding the duration of WDT, Window Type and Timeout Type.

Window Type monitors Fast Timeout and Slow Timeout. Timeout Type monitors Slow Timeout only.
Regarding the Fast Timeout and Slow Timeout definition, refer to Figure 22 and Figure 23.

The range of Fast Timeout and Slow Timeout is selected by RATIO_TO[1:0] and FAST_TO[2:0].
For the detail, refer to Table 8.

Detection Detection |
guaranteed | guaranteed I
e <>
| | | N |
WDT WDT WDT «
Fast Timeout Triger open window Slow Timeout »
. T («
: twr (min) : | | | : t [ms]
> ! ' ! I
! I | I I
| twr (max) : : : |
L
[ 1 | I :
: tox (typ) : | :
i >t : I
: tws (max) ] :
>l I
| ' I
| tws (Max) |
1 h(]
] ]
Figure 22. WDT Detection Range
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Watch Dog Timer Protocol - continued

| Fast Eood Tlme
»

Slow

! Timeout [€ Timeout
RATIO_TO[1:0]="00" . «
DFast Good Time Slow
}ATimeouL‘ 'A Timeout
RATIO_TO[1:0]="01" o h
Fast o Good Time Slow
Timeout [V Timeout
RATIO_TO[1:0]="10" > <
iFasl o Good Time o Slow
iTimeouI il P71 Timeout
> «—
RATIO_TO[1:0]="11" |
Figure 23. WDT RATIO
Table 8. WDT Detection Time
. . Fast Timeout Detection [ms] tok [ms] Slow Timeout Detection [ms]
RATIO_TO[1:0] | FAST_TO[2:0] twe (Min) twe (Max) (Typ) tws (Min) tws (Max)
000 0.9 1.1 1.45 1.8 2.2
001 1.8 2.2 2.9 3.6 4.4
010 3.6 4.4 5.8 7.2 8.8
00 ok 7.2 8.8 11.6 14.4 17.6
100 14.4 17.6 23.2 28.8 35.2
101 28.8 35.2 46.4 57.6 70.4
110 57.6 70.4 92.8 115.2 140.8
111 115.2 140.8 185.6 230.4 281.6
000 0.9 1.1 2.35 3.6 4.4
001 1.8 2.2 4.7 7.2 8.8
010 3.6 4.4 9.4 14.4 17.6
01 oM 7.2 8.8 18.8 28.8 35.2
100 14.4 17.6 37.6 57.6 70.4
101 28.8 35.2 75.2 115.2 140.8
110 57.6 70.4 150.4 230.4 281.6
111 115.2 140.8 300.8 460.8 563.2
000 0.9 1.1 4.15 7.2 8.8
001 1.8 2.2 8.3 14.4 17.6
010 3.6 4.4 16.6 28.8 35.2
10 ok 7.2 8.8 33.2 57.6 70.4
100 144 17.6 66.4 115.2 140.8
101 28.8 35.2 132.8 230.4 281.6
110 57.6 70.4 265.6 460.8 563.2
111 115.2 140.8 531.2 921.6 1126.4
000 0.9 1.1 7.75 14.4 17.6
001 1.8 2.2 15.5 28.8 35.2
010 3.6 4.4 31.0 57.6 70.4
1 oM 7.2 8.8 62.0 115.2 140.8
100 14.4 17.6 124.0 230.4 281.6
101 28.8 35.2 248.0 460.8 563.2
110 57.6 70.4 496.0 921.6 1126.4
111 115.2 140.8 992.0 1843.2 2252.8
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Watch Dog Timer Protocol Description — continued
There are 2 types (IF type and QA type) of the Watch Dog Timer.

IF Type WDT
In IF type, WDT counter is cleared by WDT_IFRST register via 12C command. When the reset timing is in good time, the failure
counter is decremented -1. When the reset timing is not in good time, the failure counter is incremented +2. If the failure counter
reaches max value which is set by WDT_FCSET, WDT_ERR occurs.

<Condition>

WDT_TYPE ="0" (Window Type)

WDT_PRSTB_INTB ="0" (When WDT_ERR occurs, only INTB = L assert, No PRSTB = L assert)

WDT_SLOWMD = "0" (When slow timeout detects, No Counter Clear)

Slow Timeout detect

Slow Time
| I Good Time |
Fast Time ?
. Fast Timeout detect
WDT counter 1
(internal) . - L
WDT FLAG CLEAR 1 WDT IFRST =1

WDT EN = WDT IF_EN

12C command ”/<< ” 5 w \I.! / 2 \L
: ; WDT IFRST = 1 ' WDT_EN = WDT IF_EN

WDT_| FC CLEAR = l
WDT_IF_EN _ |

(1)

WDT_IFRST ﬂ Hl—l_
\\';::::: A T B

I
WDT_FCSET[1:0] :>< // + 2'b10 = fail count max value |s7\.

(*4)

WDT_FC[3:0] 0 /] 35 X2 4 Xe X 8

fail count -1 by fail count +2 by
Good Event Bad Event .
ST _WDT_BE_DET M \ / :
ST_WDT_ERR Lo : \ : I

ST_WDT_OPEN

ST_WDT_FAST

ST_WDT_SLOW

WDT_FC_CLEAR

INTB(PIN)

<<
<<
<<
WDT_FLAG_CLEAR S§
22
<<

PRSTB(PIN) ((
(*1) By Watch Dog Timer Error detection, WDT enable setting is cleared automatically.

(*2) Writing WDT_INT_STAT = 1. INTB is de-asserted by WDT_INT_STAT register clear.

(*3) After slow timeout detection, when there is not WDT_IFRST writing, next slow timeout is detected.

(*4) Fail counter is not decremented by WDT_IFRST after slow timeout detection.

(*5) When first WDT_IFRST timing is Fast Timeout after WDT_IF_EN = H, it is ignored.

Figure 24. IF WDT Window Type
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Watch Dog Timer Protocol Description — continued

<Condition>

WDT_TYPE = "1" (Timeout Type)

WDT_PRSTB_INTB ="1" (When WDT_ERR occurs, INTB and also PRSTB = L assert)
WDT_SLOWMD = "1" (When slow timeout detects, Counter Clear)

Slow Timeout detect
WDT Counter is cleared automatically.

Slow Time
Good Time

WDT counter
(internal)

WDT_FLAG CLEAR=1 WDPTINT_STAT=1

WDT_EN = WDT_IF_EN

P : \ WDT_IFR:ST: 1
12C command “/ L!\WDTlFRsletr/” : |-I /“ |.| “\ “

WDT_FC_CLEAR=1 . *+ . WDT_EN=WDT_IF_EN

WDT_IFRST

WDT_FC[3:0] O

5 X 4 X 6! X 5 X7 : Xof
fail count -1 by fail count +2 by N
Good Event Bad Event

ST_WDT_BE_DET

] ]

%
g

ST_WDT_ERR

]

ST_WDT_OPEN _|

ST_WDT_FAST

ST_WDT_SLOW <

WDT_FLAG_CLEAR

WDT_FC_CLEAR >

INTB(PIN) << . e

After 5ms, PRSTB is de-asserted automatically.

PRSTB(PIN) << |—

(*1) By Watch Dog Timer Error detection, WDT Enable setting is cleared automatically.
(*2) Writing WDT_INT_STAT = 1. INTB is de-asserted by WDT_INT_STAT register clear.

Figure 25. IF WDT Timeout Type
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Watch Dog Timer Protocol Description — continued

QA Type WDT

In QA type, WDT counter is cleared by WDT_A register via - command. When the answer timing is correct in good time, the failure
counter is decremented -1. When the answer timing is not in good time or the answer is incorrect, the failure counter is incremented
+2. If the failure counter reaches max value which is set by WDT_FCSET, WDT_ERR occurs.

<Condition>

WDT_TYPE ="0" (Window Type)

WDT_PRSTB_INTB = "1" (When WDT_ERR occurs, INTB and also PRSTB = L assert)
WDT_SLOWMD = "0" (When slow timeout detects, No Counter Clear)

Slow Timeout detect

Slow Time
| I Good Time | |
Fast Time z :
. Fast Timeout detect :
WDT counter .
(internal) WDT_FLAG_ CLEAR 1 l

WDT EN=WDT_QA_EN WOTINT STAT:l. / WDT_EN WDT QA_EN: ¢+ WDT.QAA

WDT oA A )‘I/ ” \|'! / m‘\ /i'l WE?)T_FLAG_CLEAR?: 1“/]'I ”
: i i | WDT.FC CLEAR = 1 " i i é E : é

IAXCA. EEECAE X'A X

<<
<<
[
))
\ -
(( s (
[
W
g

12C command

WDT_QA_EN J

WDT_Q[4:0] Q!

WDT_A[7:0]

. 2 b10 = fail count max value is7

WDT_FCSET[1:0] X

WDT_FC[3:0] ©

) IR €
fail count +2 by |
Bad Event

4 X H X |7
fall count-1by failcount+2by [
Good Event Bad Event

_1 [ ]

ST_WDT_BE_DET

ST_WDT_ERR

ST_WDT_OPEN

ST_WDT_FAST

ST_WDT_SLOW

ST_WDT_ANSNG

WDT_FLAG_CLEAR

| i
{
{
< ;
| |
)
%@

INTB(PIN) 2

After 5ms, PRSTB is de-asserted automatically.
[——]

(*1) Question is updated by Correct Answer in Good timing.

(*2) Question is not updated by Correct Answer in Fast or Slow timing.

(*3) Even if the answer is Correct Answer after slow timeout detection, fail counter is not decremented.
(*4) By Watch Dog Timer Error detection, WDT enable setting is cleared automatically.

(*5) Writing WDT_INT_STAT = 1. INTB is de-asserted by WDT_INT_STAT register clear.

(*6) When first WDT_A timing is Fast Timeout after WDT_QA_EN = H, it is ignored.

(*7) After slow timeout detection, when there is not WDT_A writing, next slow timeout is detected.

PRSTB(PIN)

Figure 26. Q&A WDT Window Type
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Watch Dog Timer Protocol Description —

continued

Watch Dog Timer Correct Answer[7:0] is determined by the calculation below.

At first, X1 to Xs is determined by WDT_SEED[4:0] as described in the figure below.
WDT has 5 bit linear feedback shift register (LFSR), and it is used for the generation of WDT_Q[4:0].
The LFSR value is shifted by one and updated every good event.

Overview of Question generator circuit

Feedback Polynomial: X5+X3+1 (31cycles)

Default Value: 0x00
Bit Order: LSB

CLK

il

WDT_SEED[0] WDT_SEED[4]
WDT_SEED[4:0]
Pre | x1 Pre |x2 Pre |x3 Pre |xa Pre |x5
LD Q D Q D Q D Q D Q
—>

Figure 27. Question Generator1

Second, WDT_Q[4:0] is calculated by X1to Xs and WDT_QCFG[4:0] as described in the figure below.

WDT_QCFG[4]

| O

WDT_QCFGI3]

| >

WDT_QCFGI[2]

X3:)§ >

WDT_Q[4:0]

WDT_QCFGI[1]

s IS

WDT_QCFGI0]

Ty

Figure 28. Question Generator2
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Watch Dog Timer Protocol Description — continued

At last, Correct Answer[7:0] is selected by WDT_Q[4:0] and WDT_ANSTYPE[1:0] as described in the figure below.

2'b00

2'b01

WDT_Q[4:0]

%

2'b10

2'b11

WDT_ANSTYPE[1:0]

{WDT_Q[4:0], WDT_Q[4:2] }

{WDT_Q[0:4], WDT_Q[0:2] }

{ 3'b000, WDT_Q[4:0] }

{3'b111, WDT_Q[4:0] }

Figure 29. Answer Generator

Correct Answer[7:0]

When WDT_A[7:0] is equal to Correct Answer[7:0], it is judged as a Good Event. By Good Event, WDT_Q[4:0] is updated and
Fail Count will add -1.
When WDT_A[7:0] is not equal to Correct Answer[7:0], it is judged as a Bad Event. By Bad Event, WDT_Q[4:0] is not updated
and Fail Count will add +2.
WDT_ERR is detected when WDT_FCJ[3:0] exceed or equal to Maximum Fail Count selected by WDT_FCSET[1:0].

Fail Counter +2 by Bad Event, -1 by Good Event

Correct Answer[7:0]

WDT_A[7:0]

Ceeeeee

Fail Counter
(WDT_FCJ3:0])

Compare

2'p00
2'b01
2'b10
2'b11

WDT_FCSET[1:0]

The maximum number
of fail counter

1

3

7
13

Figure 30. WDT_ERR

+
>% WDT_ERR
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Application Example
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Table 9. Application Example Circuit Components List
Parts name Parameters Manufacturer Parts Number Size (mm)
CIN, CIN5, CING, CIN7, CREG15 1 uF Murata GCM155C71A105KE38 1005
CIN1, CIN2, CIN3, CIN4 10 uF TDK CGA4J1X7S1C106K125AC 2012
CEMI, CEMIZ, CBMIS, CEMI4 0.1 uF TDK CGA2B1X7R1C104K050BC | 1005
(Optional)
L1,L2,L3, L4 0.47 uH TDK TFM252012ALMAR47MTAA 2520
COUT1, COUT2, COUT3, COUT4 | 22 yF x N (1 or more) TDK CGA4J1X7T0J226M125AC 2012
COUT5, COUT6, COUT7 4.7 uF Murata GCM155D70G475ME36 1005
FET (Optional) PMOS ROHM RQ1A070ZPHZG 3028
. 470 Q .
RIF1, RIF2 (Optional) (2 PMICs connection) ROHM MCRO01 Series 1005
RSCL, RSDA 1kQ ROHM MCRO01 Series 1005
RINTB, RPRSTB, RERRB 10 kQ ROHM MCRO1 Series 1005
FBEMI (Optional) Ferrite Beads Murata BLE18PS080SH1D 1608
CEMI5, CEMI7 (Optional) 0.01 uF TDK CGA2B2X7R1E103K050BA 1005
CEMI6, CEMI8 (Optional) 0.47 uF TDK CGA2B3X7S1A474K050BB 1005
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Selection of Components Externally Connected
1. Selection of the inductor Lx value

Basically use the value in the table below for the inductor value. The internal phase compensation is OTP set based on the
inductor value and output capacitor value. In addition, there is a constraint that the DCR is 100 mQ or less.

MODE Frequency Inductor value Recommended parts number

2.25 MHz 0.47 yH TFM252012ALMAR47MTAA

Internal FET mode for BUCKSs TFM252012ALMAR22MTAA

4 MHz 0.22 uH10 047 H | 1r)1252012ALMAR4TMTAA
Driver MOS mode for BUCK1 and 2.25 MHz 0.1 pH XEL4030-101ME
BUCK2 4 MHz 0.1 pH XEL4030-101ME

2. Selection of the output capacitors

Basically use the value in the table below for the capacitor value. The internal phase compensation is OTP set based on
the inductor value and output capacitor value.

Channel capacitor value Recommended parts number
BUCKs 22 pEx N pes or more | 5 5a41X7T0J226M125AC
(1 pcs per2A)
Driver MOS 22 pEx N pes ormore | 5 5ag1X7T0J226M125AC
(1 pcs per 2A)
1 WF x 2 pcs or more GCM155C71A105KE38
LDOs or or
4.7 yF or more GCM155D70G475ME36
VREG15 1 uF GCM155C71A105KE38

For LDO output capacitor, if output capacitor value that cannot be charged with a maximum current of 300 mA is
connected, startup failure will occur.

szkév;/1 rg’lt:)ehsezttéﬂg Output voltage setting The slew rate set Maximum output
LDOx_SR (x =5 to 7) 25h, 26h, 27h by setting capacitor
(0.3%)(()0\9 tg 8?(;5?0 V) 1 Vims 100 pF
0 (0.8(%1\3 tg ??(5560 V) 2 Vims 100 pF
(1 .6%3\7/ ttg g).(e,FoFo V) 4 Vims 75 uF
(0.3%)(()0\9 :g 8?(52560 V) 2 V/ms 100 uF
! (0.8%1\7/ :g ??(:560 V) 4 Vims 75 uF
(1 675V 10 3300 V) 8 Vims 37.5 uF

3. Selection of the input capacitors

Basically use the value in the table below for the capacitor value. For disabled channel PVIN, input capacitor is not

needed.
Channel capacitor value Recommended parts number
VIN 1 uF GCM155C71A105KE38
PVIN1 to PVIN4 10 yF or more CGA4J1X7S1C106K125AC
22 pF x 2 pcs or more CGA4J1X7T0J226M125AC
Driver MOS PVIN 0.47 uF x 2 pcs CGA2B3X7S1A474K050BB
0.01 yF x 2 pcs CGA2B3X7R1H103K050BB
PVIN5 to PVIN7 1 uF GCM155C71A105KE38
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Operational Notes

1.

Reverse Connection of Power Supply

Connecting the power supply in reverse polarity can damage the IC. Take precautions against reverse polarity when
connecting the power supply, such as mounting an external diode between the power supply and the IC’s power supply
pins.

Power Supply Lines

Design the PCB layout pattern to provide low impedance supply lines. Separate the ground and supply lines of the digital
and analog blocks to prevent noise in the ground and supply lines of the digital block from affecting the analog block.
Furthermore, connect a capacitor to ground at all power supply pins. Consider the effect of temperature and aging on the
capacitance value when using electrolytic capacitors.

Ground Voltage

Ensure that no pins are at a voltage below that of the ground pin at any time, even during transient condition. However,
pins that drive inductive loads (e.g. motor driver outputs, DC-DC converter outputs) may inevitably go below ground due
to back EMF or electromotive force. In such cases, the user should make sure that such voltages going below ground will
not cause the IC and the system to malfunction by examining carefully all relevant factors and conditions such as motor
characteristics, supply voltage, operating frequency and PCB wiring to name a few.

Ground Wiring Pattern

When using both small-signal and large-current ground traces, the two ground traces should be routed separately but
connected to a single ground at the reference point of the application board to avoid fluctuations in the small-signal ground
caused by large currents. Also ensure that the ground traces of external components do not cause variations on the
ground voltage. The ground lines must be as short and thick as possible to reduce line impedance.

Recommended Operating Conditions
The function and operation of the IC are guaranteed within the range specified by the recommended operating conditions.
The characteristic values are guaranteed only under the conditions of each item specified by the electrical characteristics.

Inrush Current

When power is first supplied to the IC, it is possible that the internal logic may be unstable and inrush current may flow
instantaneously due to the internal powering sequence and delays, especially if the IC has more than one power supply.
Therefore, give special consideration to power coupling capacitance, power wiring, width of ground wiring, and routing of
connections.

Testing on Application Boards

When testing the IC on an application board, connecting a capacitor directly to a low-impedance output pin may subject
the IC to stress. Always discharge capacitors completely after each process or step. The IC’s power supply should always
be turned off completely before connecting or removing it from the test setup during the inspection process. To prevent
damage from static discharge, ground the IC during assembly and use similar precautions during transport and storage.

Inter-pin Short and Mounting Errors

Ensure that the direction and position are correct when mounting the IC on the PCB. Incorrect mounting may result in
damaging the IC. Avoid nearby pins being shorted to each other especially to ground, power supply and output pin. Inter-
pin shorts could be due to many reasons such as metal particles, water droplets (in very humid environment) and
unintentional solder bridge deposited in between pins during assembly to name a few.

Unused Input Pins

Input pins of an IC are often connected to the gate of a MOS transistor. The gate has extremely high impedance and
extremely low capacitance. If left unconnected, the electric field from the outside can easily charge it. The small charge
acquired in this way is enough to produce a significant effect on the conduction through the transistor and cause
unexpected operation of the IC. So unless otherwise specified, unused input pins should be connected to the power
supply or ground line.
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Operational Notes — continued

10. Regarding the Input Pin of the IC
This monolithic IC contains P+ isolation and P substrate layers between adjacent elements in order to keep them isolated.
P-N junctions are formed at the intersection of the P layers with the N layers of other elements, creating a parasitic diode
or transistor. For example (refer to figure below):
When GND > Pin A and GND > Pin B, the P-N junction operates as a parasitic diode.
When GND > Pin B, the P-N junction operates as a parasitic transistor.
Parasitic diodes inevitably occur in the structure of the IC. The operation of parasitic diodes can result in mutual
interference among circuits, operational faults, or physical damage. Therefore, conditions that cause these diodes to
operate, such as applying a voltage lower than the GND voltage to an input pin (and thus to the P substrate) should be
avoided.
‘ Resistor ‘ ‘ Transistor (NPN) ‘
P|n A Pin B c B S Pin B
‘ \ Pin A E
) P—H | |
: h N p| P
i Parasitic N ] N N
EIements ¥ A
,<' P Substrate v 4 P Substrate
— GND JT— GND GND=
Parasitic Parasitic N Region
Elements Elements close-by
Figure 32. Example of Monolithic IC Structure
11. Ceramic Capacitor
When using a ceramic capacitor, determine a capacitance value considering the change of capacitance with temperature
and the decrease in nominal capacitance due to DC bias and others.
12. Thermal Shutdown Circuit (TSD)
This IC has a built-in thermal shutdown circuit that prevents heat damage to the IC. Normal operation should always be
within the IC’s maximum junction temperature rating. If however the rating is exceeded for a continued period, the junction
temperature (Tj) will rise which will activate the TSD circuit that will turn OFF power output pins. The IC should be powered
down and turned ON again to resume normal operation because the TSD circuit keeps the outputs at the OFF state even
if the Tj falls below the TSD threshold.
Note that the TSD circuit operates in a situation that exceeds the absolute maximum ratings and therefore, under no
circumstances, should the TSD circuit be used in a set design or for any purpose other than protecting the IC from heat
damage.
13. Over Current Protection Circuit (OCP)
This IC incorporates an integrated overcurrent protection circuit that is activated when the load is shorted. This protection
circuit is effective in preventing damage due to sudden and unexpected incidents. However, the IC should not be used
in applications characterized by continuous operation or transitioning of the protection circuit.
14. Functional Safety
“ISO 26262 Process Compliant to Support ASIL-*”
A product that has been developed based on an ISO 26262 design process compliant to the ASIL level described in the
datasheet.
“Safety Mechanism is Implemented to Support Functional Safety (ASIL-*)”
A product that has implemented safety mechanism to meet ASIL level requirements described in the datasheet.
“Functional Safety Supportive Automotive Products”
A product that has been developed for automotive use and is capable of supporting safety analysis with regard to the
functional safety.
Note: “ASIL-*" is stands for the ratings of “ASIL-A”, “-B”, “-C” or “-D” specified by each product's datasheet.
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Ordering Information

B D9 6 8 01 Q 3 0 -] CE2
|

Part Number Product Rank

C: for Automotive

Packaging and forming specification
E2: Embossed tape and reel

Marking Diagram

UQFN48FV6060 (TOP VIEW)
Part Number Marking

K
BD96801 , | LOT Number

Q30 e

Pin 1 Mark
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Physical Dimension and Packing Information

Package Name UQFN48FV6060
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36 25 (UNIT:mm)
_oij 0.4 0.2 *:02 PKG:UQFN48FV6060
Drawing No.EX437-5001
< Tape and Reel Information >
Tape Embossed carrier tape
Quantity 2000pcs
Direction of feed E2

The direction is the pin 1 of product is at the upper left
when you hold reel on the left hand and you pull out the tape on the right hand
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