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Functional Safety PMIC with Built-in WDT Function for

Automotive Radar Modules

1 General Description

The RTQ2080-QF is a highly integrated PMIC designed
for automotive camera applications. It includes three
step-down converters, one high PSRR low-dropout
(LDO) regulator, and one general low-dropout (LDO)
regulator.

The high-voltage step-down converter operates with an
input voltage range of up to 24V and is capable of
sustaining a 36V load dump. It is suitable for a direct
connection to a 12V battery.

The RTQ2080-QF offers overvoltage and undervoltage
monitors, two error input receivers, one error output
indicator, and fault status reported by 12C for functional
safety purposes.

The RTQ2080-QF is equipped with a standard built-in
watchdog timer function. This feature offers versatility
for a wide range of applications through configurable
setting for both upper and lower window tolerances.

The device offers system design flexibility with 12C or
factory-timmed configurable functions, including
adjustable output voltage for each channel,
customizable power-on sequencing, overvoltage (OV)
or undervoltage (UV) monitor threshold voltage, and the
watchdog timeout setting. The RTQ2080-QF is
available in a WET-WQFN-24AL 4x4 package with
wettable flanks.

The recommended junction temperature range is —40°C
to 125°C, and the ambient temperature range is —-40°C
to 125°C.

2 Applications
o Functional Safety Related Automotive Modules
e ADAS MCU
o Radar Modules
o Front Radars
o Rear Radars
o Side Radars
o Corner Radars
¢ In-Cabin Radars

3 Features

AEC-Q100 Grade 1 Qualified

Compliance with ISO 26262 ASIL B

Safety Mechanisms Include Power-On Built-In

Self-Test (BIST) for OV/UV Monitors, 12c Cyclic

Redundancy Check (CRC), and OTP Register CRC

Three Step-Down Converters (HVBuck1,

LVBuck2 & 3) with Peak-Current Control, Forced

PWM (FPWM), and Power-Saving (PSM)

Operation to Enhance Efficiency under Light

Load Conditions

o Fixed Switching Frequency at 2.04MHz

o EMI Reduction Features including Spread
Spectrum and Phase-Shift Operation

e HVBuckl Supports Input Voltage from 4V to 24V
with 36V Load Dump Protection, Adjustable
Output Voltage, and up to 1.5A Output Current

e LVBuUck2 and LVBuck3 Support Input Voltage
from 2.7V to 5V, Adjustable Output Voltage,
and up to 1.5A Output Current

¢ Pins Related to LVBuck2/LVBuck3 Can Float if
the Channel is Unused

Two Low Dropout Regulators (LDO1 and LDO2)

e LDO1 with 2.7V to 5V Input Voltage, Adjustable
Output Voltage, up to 0.3A Output Current, and
High PSRR with 0.1A Output Current (60dB at
100kHz, 40dB at 1MHz)

e LDO2 with 2.7V to 5V Input Voltage, Adjustable
Output Voltage, and up to 0.4A Output Current

Input and Output Functions

e Monitoring WDT Input Signal from External
MCU via WDI

o WDT Error Status Indication via WDTERR

¢ RESET Input Signal Control via RESETIN

e Power Status Indication via PGOOD

o Error Status Indication via ERROUT

Small Form Factor

o Wettable WET-WQFN-24AL 4x4 Package with
Compact BOM

Junction Temperature Range: —40°C to 125°C

Ambient Temperature Range: —40°C to 125°C
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4 Ordering Information

RTQ2080 L—_IL—_I-QFDEIEIEDDDDT

Packing
A: Standard

(6}

Trim Code

Grade
QF: AEC-Q100 and 1SO 26262 Qualified,
Screened by High Temperature

Package Typ e?
N: WET-WQFN-24AL 4x4 (W-Type)

Package Code
T: Wettable

Note 1.

Marked with (1) indicated: The trim code for UVLO +
REBOOT, POWER_ON_SEQ + SSP, ON_Td + UV HVCH,
OFF_Td, HVBUCK1 VOUT, LVBUCK2 VOUT, LVBUCK3
VOUT, LDO1 VOUT, and LDO2 VOUT settings has various
combinations. For more details, contact our sales
representative directly or through a Richtek distributor in
your area.

Richtek products are Richtek Green Policy compliant and
marked with @ indicates compatible with the current

requirements of IPC/JEDEC J-STD-020.

6 Simplified Application Circuit

5 Marking Information

For marking information, contact our sales
representative directly or through a Richtek distributor

located in your area.
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7 Pin Configuration

(TOP VIEW)
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WET-WQFN-24AL 4x4

8 Functional Pin Description

Pin No. Pin Name Pin Function
HVBuck1 output voltage feedback. It is recommended to directly connect
1 VOUT1 . A .
the output capacitor node to this pin for better regulation.
2 AGND Analog ground for the PMIC analog circuit.
3 EN Chip hardware enable input pin. When the EN = High, the 12C read/write
function is enabled.
VIN HVBuck1 and PMIC system input power source.
SWA1 HVBuck1 switch node.
BOOT HVBuck1 BOOT pin.
LVBuck2 output voltage feedback. It is recommended to directly connect
7 VOUT2 . o .
the output capacitor node to this pin for better regulation.
8 SW2 LVBuck2 switch node.
LVBuck2/3 input power source. Assume that PVD23 connects to the
9 PVD23
HVbuck1 output.
10 SW3 LVBuck3 switch node.
LVBuck3 output voltage feedback. It is recommended to directly connect
11 VOUT3 . - .
the output capacitor node to this pin for better regulation.
Open-drain watchdog error indication. If a WDT fault is detected and the
12 WDTERR WDT_FAULT bit is 0, the WDTERR pin will momentarily go low for 190us
to signal the system of the fault.
13 ERROUT Open-drain outpL_Jt. ERROUT changes the output status until the PMIC
detects faults for indication.
Open-drain output, PMIC power status for indication. When PGOOQOD is in
14 PGOOD ) e -
a high state, it indicates all outputs are functioning normally.
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Pin No. Pin Name Pin Function
15 WDI Watchdog input signal pin. The input signal is sent by the external system.
16 NC No internal connection. It is suggested to connect to GND directly.
12C interface serial data pin, open-drain. Connect to an external pull-up
17 SDA . . .
resistor is required.
18 sCL 12C interface serial clock input pin, open-drain. Connect to an external pull-
up resistor is required.
LDO1 output pin. It is recommended to directly connect the output
19 VOUT4 . I )
capacitor node to this pin for better regulation.
20 PVD45 LDO1/2 input power source. Assume that PVD45 connects to the HVbuck1
output.
LDO2 output pin. It is recommended to directly connect the output
21 VOUT5 . - .
capacitor node to this pin for better regulation.
22 RESETIN Chip external reset input pin activated by a high signal.
23 WDEN WDT default ON/OFF setting pin. It is suggested to connect PVCC to the
WDEN pin by a 10kQ resistor when WDT function needs to be default ON.
Internal analog power output. Connect a 1uF ceramic decoupling capacitor
24 PVCC between this pin and ground. Additional external loading to this pin is
forbidden.
25 IC thermal pad and power ground. It must be connected to the main ground
PGND .
(Exposed Pad) plane for proper operation.
CP1 CP1
CcP2 CcP2 Corner Pins for package reliability improvement. There pins are internally
CP3 CP3 connected to the Exposed Pad.
CP4 CP4
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9 Functional Block Diagram
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10 Absolute Maximum Ratings
(Note 2)
e VIN, EN, SW1

e BOOT

e BOOT to SW1
e VOUTL1, VOUT2, SW2, PVD23, SW3, VOUTS3, WDTERR, ERROUT, PGOOD,

WDI, SDA, SCL, VOUT4, PVDA45, VOUTS5, RESETIN, WDEN, PVCC

e Lead Temperature (Soldering, 10 sec.)

¢ Junction Temperature

e Storage Temperature Range

—0.3V to 36V
—0.3V to 36V
-0.3V to 5V

-0.3V to 6.5V
260°C

150°C

—65°C to 150°C

Note 2. Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These
are stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in
the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may affect

device reliability.

11 ESD Susceptibility
(Note 3)
e ESD Susceptibility

HBM (Human Body Model)

Note 3. Devices are ESD sensitive. Handling precautions are recommended.

12 Recommended Operating Conditions
(Note 4)
e Supply Voltage, VIN

e Supply Voltage, VpPvD23, VPVD45

e Ambient Temperature Range

¢ Junction Temperature Range

Note 4. The device is not guaranteed to function outside its operating conditions.

13 Thermal Information

2kv

4V to 24V
2.7V to 5V
—40°C to 125°C
—40°C to 125°C

(Note 5)

Thermal Parameter WET-WQFN-24AL 4x4 Unit
0JA Junction-to-ambient thermal resistance (JEDEC standard) 37 °C/W
0JC(Top) Junction-to-case (top) thermal resistance 34.8 °C/W
0Jc(Bottom) | Junction-to-case (bottom) thermal resistance 0.48 °C/W
0JB Junction-to-board thermal resistance 9.72 °C/W

Note 5. For more information about thermal parameter, see the Application and Definition of Thermal Resistances report, AN061.
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14 Electrical Characteristics

(Ta =Ty =-40°C to 125°C, VN = 6V, VouT_Hv1 = 3.6V, Vout_Lv2 = 1.1V, VouT_Lv3= 1.8V, VouT_Lbo1 = 3.3V, VouT_Lboz2 = 1.8V,
unless otherwise specified.)

Parameter Symbol Test Conditions Min Typ Max Unit
System
EN =L, VIN< 12V,
fp\l;}ﬁlown Current | | TROWN VOUT Hv1 tied to PVD23 0 - 20 bA
and PVD45
VIN Undervoltage- 1 —
Lockout Falling VUVLO _F TOP_CFG [4:3] = 2’b00 3.135 3.3 3.465 \Y,
VIN Undervoltage- 1 —
Lockout Rising VUVLO_R TOP_CFG [4:3] = 2’b00 3.61 3.8 3.99 iV,
VIN Overvoltage
Rising Threshold VOVP_R_VIN 24.735 255 | 26.265 \%
VIN Overvoltage
Hysteresis VOVP_HYS_VIN 5 6 7 \)
Pre-Regulator (Note 6)
PVCC Voltage
Range VPvce 4.26 4.58 4,92 Y,
CH1_HVBuck1
Input Voltage _
Range VIN_HV1 VIN_HV1 = VIN 4 - 24 \V;
Output Voltage _
Range VOUT_Hv1 VIN_Hv1 =4V to 24V 2.7 - 5 \Y
VOUT_Hv1 = 2.7V to 5V,
Output Voltage VIN_HV1 = 6V, 9V, 12V,
Accuracy VOUT_ACC_HV1_FPWM lout_Hv1 =0to 1.5A, -15 - 15 %
FPWM
Time for VOUT_Hv1 to rise
Soft-Start Time tss_Hvi from 10% to 90% of the 500 1000 1500 us
target value, no load
Switching
Frequency fsw_Hvi 1.82 2.04 2.25 MHz
Spread Spectrum
Range fssp - 6 - %
High-Side MOSFET
On-Resistance RON_UG_Hv1 -- 220 -- mQ
Low-Side MOSFET
On-Resistance RON_LG_HV1 -- 120 -- mQ
Minimum On-Time tMIN_ON_HV1 -- -- 40 ns
Minimum Off-Time tMIN_OFF_HV1 -- -- 50 ns
Positive Inductor
Peak Current Limit ICL_PK_HV1 1.9 2.5 3.1 A
Positive Inductor | 16 A
Valley Current Limit CL_VALLEY_HV1 - ' -
Negative Inductor | HVBuck1 in EPWM 13 18 23 A
Peak Current Limit CL_N_PK_Hv1 ' ' '
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Parameter

Symbol

Test Conditions

Min

Typ

Max

Unit

Output Discharge
Resistor

RDIS_HV1

20

50

80

Q

HVBuck1 Output
Undervoltage
Falling Threshold
Detection

VUVP_HV1

80

%

HVBuck1 Output
Undervoltage
Falling Threshold
Detection Accuracy

VUVP_ACC_HV1

-1.3

13

%

HVBuck1 Output
Overvoltage Rising
Threshold Detection

VOVP_HV1

110

%

HVBuck1 Output
Overvoltage Rising
Threshold Detection
Accuracy

VOVP_ACC_HV1

-1.3

13

%

CH2_LVBuck2

Input Voltage
Range

VIN_LV2

2.7

Output Voltage
Range

VouT_Lv2

0.6

1.9

Output Voltage
Accuracy

VOUT_ACC_LV2_FPWM

Vout_Lv2 = 0.6V to 1.9V,

VIN_Lv2 = 3.6V,

lout_Lv2 = 0Ato 1.5A,

FPWM

-1.5

15

%

Soft-Start Time

tss_Lv2

Time for VouT_Lv2 to rise
from 10% to 90% of the

target value, no load

600

1200

1800

us

Switching
Frequency

fsw_Lv2

1.82

2.04

2.25

MHz

Spread-Spectrum
Range

fssp

%

High-Side MOSFET
On-Resistance

RON_UG_Lv2

90

mQ

Low-Side MOSFET
On-Resistance

RON_LG_Lv2

35

mQ

Minimum On-Time

tMIN_ON_LV2

ns

Positive Inductor
Peak Current Limit

ICL_PK_LV2

2.5

Positive Inductor
Valley Current Limit

ICL_VALLEY_LV2

1.8

Negative Inductor
Peak Current Limit

ICL_N_PK_LV2

LVBuck2 in FPWM

1.7

2.9

Output Discharge
Resistor

RDIS_Lv2

14
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Parameter

Symbol

Test Conditions

Min

Typ

Max

Unit

LVBuck2 Output
Undervoltage
Falling Threshold
Detection

VUVP_LV2

95

%

LVBuck2 Output
Undervoltage
Falling Threshold
Detection Accuracy

VUVP_ACC_LV2

-1.3

13

%

LVBuck2 Output
Overvoltage
Rising Threshold
Detection

VOVP_LV2

105

%

LVBuck2 Output
Overvoltage Rising
Threshold Detection
Accuracy

VOVP_ACC_LV2

-1.3

13

%

PVD23 Overvoltage
Rising Protection

VovpP_PVD23

5.35

5.8

6.25

PVD23 Overvoltage
Hysteresis

VOVP_HYS_PVD23

580

mV

CH3_LVBuck3

Input Voltage
Range

VIN_LV3

2.7

Output Voltage
Range

VouT_Lv3

0.6

1.9

Output Voltage
Accuracy

VOUT_ACC_LV3_FPWM

Vout_Lv3 = 0.6V to 1.9V,

VIN_Lv3 = 3.6V,

lout_Lv3 = 0Ato 1.5A,

FPWM

-1.5

15

%

Soft-Start Time

tSs_Lv3

Time for VouT_Lv3 to rise
from 10% to 90% of the

target value, no load

600

1200

1800

us

Switching
Frequency

fsw_Lv3

1.82

2.04

2.25

MHz

Spread-Spectrum
Range

fssp

%

High-Side MOSFET
On-Resistance

RON_UG_Lv3

90

mQ

Low-Side MOSFET
On-Resistance

RON_LG Lv3

42

mQ

Minimum On-Time

tMIN_ON_LV3

ns

Positive Inductor
Peak Current Limit

IcL_PK_LV3

25

Positive Inductor
Valley Current Limit

ICL_VALLEY_LV3

1.8

Negative Inductor
Peak Current Limit

ICL_N_PK_LV3

LVBuck3 in FPWM

0.7

1.7

2.9
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Parameter

Symbol

Test Conditions

Min

Typ

Max

Unit

Output Discharge
Resistor

RDIS_LV3

9

14

Q

LVBuck3 Output
Undervoltage
Falling Threshold
Detection

VUVP_LV3

95

%

LVBuck3 Output
Undervoltage
Falling Threshold
Detection Accuracy

VUVP_ACC_LV3

-1.3

13

%

LVBuck3 Output
Overvoltage Rising
Threshold Detection

VovP_LV3

105

%

LVBuck3 Output
Overvoltage Rising
Threshold Detection
Accuracy

VOVP_ACC_LV3

-1.3

13

%

PVD23 Overvoltage
Rising Protection

VovpP_PVD23

5.35

5.8

6.25

PVD23 Overvoltage
Hysteresis

VOVP_HYS_PVD23

580

mV

CH4_LDO1

Input Voltage
Range

VIN_LDO1

2.7

Output Voltage
Range

VouT_LDO1

1.8

3.5

Output Voltage
Accuracy

VOUT_ACC_LDO1

VouT_Lbo1 =1.8V to
3.5V, (VIN_LDO1 -
VouT_LDo1) 2 0.3V,
lout LDO1 =0mAto
300mA

-15

15

%

Soft-Start Time

tss_LDO1

Time for VouT_LDO1 to
rise from 10% to 90% of
the target value, no load

1100

us

Dropout Voltage
(Note 7)

VDROP_300_LDO1

lout_LDO1 = 300mA

300

VDROP_150_LDO1

louT_LDO1 = 150mA

150

mV

Maximum Output
Current

louT_MAX_LDO1

300

mA

Output Current
Limit

IcL_LDO1

345

450

555

mA

Output Discharge
Resistor

RpIS_LDO1

32

60

88

LDO1 Output
Undervoltage
Falling Threshold
Detection

VUuvP_LDO1

95

%
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Parameter

Symbol

Test Conditions

Min

Typ

Max

Unit

LDO1 Output
Undervoltage
Falling Threshold
Detection Accuracy

VUVP_ACC_LDO1

-1.3

13

%

LDO1 Output
Overvoltage Rising
Threshold Detection

VovpP_LDO1

105

%

LDO1 Output
Overvoltage Rising
Threshold Detection
Accuracy

VOVP_ACC_LDO1

-1.3

1.3

%

PVD45 Overvoltage
Rising Protection

VOvP_PVD45

5.35

5.8

6.25

PVD45 Overvoltage
Hysteresis

VOVP_HYS_PVD45

500

mV

CH5_LDO2

Input Voltage
Range

VIN_LDO2

2.7

Output Voltage
Range

VOUT_LDO2

1.8

3.3

Output Voltage
Accuracy

VOUT_ACC_LDO2

VouT_LDbo2 = 1.8V to
3.5V, (VIN_LDO2 -
VouT_Lbo2) 2 0.4V,
louT_LDO2 = OmA to
400mA

-1.5

15

%

Soft-Start Time

tSS_LDO2

Time for VouT_LDO2 to

rise from 10% to 90% of
the target value, no load

487

us

Dropout Voltage
(Note 7)

VDROP_400_LDO2

louT_LDO2 = 400mA

400

VDROP_150_LDO2

louT_LDO2 = 150mA

150

mV

Maximum Output
Current

IOUT_MAX_LDO2

400

mA

Output Current
Limit

IcL_LDO2

450

600

750

mA

Output Discharge
Resistor

RDIS LDO2

32

60

88

LDO2 Output
Undervoltage
Falling Threshold
Detection

VUVP_LDO2

95

%

LDO2 Output
Undervoltage
Falling Threshold
Detection Accuracy

VUVP_ACC_LDO2

-1.3

1.3

%

LDO2 Output
Overvoltage Rising
Threshold Detection

VOVP_LDO2

105

%
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RICHTEK

RTQ2080-QF

Parameter Symbol Test Conditions Min Typ Max Unit
LDO2 Output
Overvoltage Rising v 13 13 o
Threshold Detection | ¥ OVP-ACC_LDO2 - - : 0
Accuracy
PVD45 Overvoltage
Rising Protection VOvP_PVD45 5.35 5.8 6.25 Y,
PVD45 Overvoltage
Hysteresis VOVP_HYS_PVD45 -- 500 -- mV
1/0 Control
The current into the
PGOOD Low-Level -
Output Voltage VOoL_PGOOD PGOOD pin is equal to -- -- 200 mV
5mA
PGOOD Input | 1.8V applied on the _ _ 1 A
Leakage Current LEAK_PGOOD PGOOD pin H
Time interval between the
completion of the soft-
PGOOD Delay start process for the last
Time tPGOOD_DLY channel and the 8.5 9.7 10.9 ms
subsequent assertion of
the PGOOD signal
EN Low-Level Input
Voltage VILEN N N 0.4 v
EN High-Level Input
Voltage ViH_EN 1.2 - - v
EN Pull-Down
Current PD_EN 1 - i HA
RESETIN Low-
Level Input Voltage | V//'-RESETIN N N 04 v
RESETIN High-
Level Input Voltage | V/!H-RESETIN 12 N N v
RESETIN Pull-
Down Resistance RPD_RESETIN - 300 - kQ
Safety 1/0 Control
E;F;?g; Llj)tw_ v The current into ERROUT B B 200 .y
P OL_ERROUT is equal to 5mA
Voltage
ERROUT Input | 1.8V applied on the _ _ 1 A
Leakage Current LEAK_ERROUT ERROUT pin H
WDT Control
WDEN High-
Voltage Level VWDEN_H 14 - - v
WDEN Low-Voltage
Level 9 VWDEN_L -- -- 0.4 V
WDI High-Level
Input Voltage VIH_WDI 1.2 -- -- \%
WDI Low-Level
Input Voltage VIL_wDlI -- -- 0.4 \%
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Parameter Symbol Test Conditions Min Typ Max Unit
WDI Pull-Down
Resistance RPD_wDiI -- 300 -- kO
WDTERR Low- The current into the
Level Output VOL_WDTERR WDTERR pin is equal to -- -- 200 mV
Voltage 5mA
WDTERR Input | 1.8V applied on 1 A
Leakage Current S LA WDTERR pin - - H
If the host kicks the input 26.01 29 31.46
) command too early and
WDT Timeout tWDT LOWER below the lower limit, it 3170 | 35 | 3786 | ms
Lower Limit -
can be regarded as a
WDT too-fast fault. 126.79 | 139 | 151.56
If the host kicks the input 48.39 53 56.79
) command too slowly and
WDT Timeout tWDT UPPER exceeds the upper limit, it | 57.70 62 | 6227 | ms
Upper Limit -
can be regarded as a
WDT too-slow fault. 231.19 250 269.48
When a WDT fault is
triggered, the WDTERR
¥\./DTERR Toggle tWDTERR pin goes low for 190us - 190 -- us
ime . )
before returning high
(WDT_FAULT bit = 0).

Note 6. PVCC is the pre-regulator output voltage only for internal circuitry. External loading on the PVCC pin is forbidden.

Note 7. Dropout voltage is the voltage difference between the input and the output at which the output voltage drops to 100mV
below its nominal value.

14.1 System Characteristics

The following specifications are guaranteed by design and are not performed in production testing. (Ta = Ty = —-40°C to 125°C,
VIN =6V, Vout_Hv1 = 3.6V, Vour vz = 1.1V, Vout_Lv3= 1.8V, Vout_Lbo1 = 3.3V, VouT _Lboz = 1.8V, unless otherwise specified.)

Parameter Symbol Test Conditions Min Typ Max Unit
System
EN=H, VuvLo R<VINZ
Quiescent | 24V, VouT_Hv1 ties to 20 A
Current of VIN Q_ON PVD23 and PVD45, all - - m
channels are ON, no load
EN =H, VuvLo R<VINL
Quiescent | 24V, VouT_Hv1 ties to 3 A
Current of VIN Q_OFF PVD23 and PVD45, all - - m
channels are OFF
Over-
Temperature TTSD - 170 - °C
Protection
Over-
Temperature o
Protection TTSD_H - 20 - c
Hysteresis
Over-
Temperature ToTw - 130 -- °C
Warning
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RTQ2080-QF

Parameter Symbol Test Conditions Min Typ Max Unit
Over-
Temperature T 20 o
Warning OTW_H - -
Hysteresis
CH1_HVBuck1
Maximum Output Depends on the input
lOUT_MAX_HV1 voltage and the output 1.5 - - A
Current =
voltage
VOUT_Hv1 = 3.6V,
. VIN_Hv1 = 6V/9V/12V,
Load Transient VLOAD_TRAN_HV1_FPWM IoUT Hv1 = 10mA to 0.5A to -150 -- 150 mV
10mA, 1us, FPWM
VOUT_Hv1 = 3.6V,
. . VIN_HV1 =5V to 18.5V to
Line Transient VLINE_TRAN_HV1_FPWM 5V, 100ps, loUT Hv1 = 0.5A, -50 -- 50 mV
FPWM
VOUT_Hv1 = 3.6V,
Load Regulation VLOAD_REG_HV1 VIN_HV1 = 6V/9V/12V, - - 0.15 %
AlouT_Hv1 = 1.5A, FPWM
VOUT_Hv1 = 3.6V,
Line Regulation VLINE_REG_HV1 VIN_HV1 =5V to 18.5V, -- -- 1 %
louT_Hv1 = 1.5A
. Peak to peak in one
Rippl o
S;iz;te bpie VRIPPLE_HV1_FPWM switching cycle, FPWM, -- -- 20 mVpp
SSP_EN bit=0
CH2_LVBuck2
Maximum Output
Current [OUT_MAX_LV2 1.5 -- -- A
VouTt_Lv2 = 1.1V,
. VIN_Lv2 = 3.6V,
Load Transient VLOAD_TRAN_LV2_FPWM IoUT Lv2 = 100mA to 0.5A to -50 -- 50 mV
100mA, 1us, FPWM
Vout_Lv2 = 1.1V,
. . VIN_Lv2 = 3V to 5V to 3V,
Line Transient VLINE_TRAN_LV2_FPWM 50us, loUT Lv2 = -50 -- 50 mV
10mA/0.75A/1.5A, FPWM
Vout_Lv2 = 1.1V,
Load Regulation VLOAD_REG_LV2 VIN_Lv2 = 3.6V, - - 0.15 %
AlouT_Lv2 = 1.5A, FPWM
VouTt_Lv2 = 1.1V,
Line Regulation VLINE_REG_LV2 VIN_Lv2 = 2.7V to 5V, -- -- 1 %
louT_Lv2 = 1.5A
: Peak to peak in one
\C/’é‘l’;z“teR'pp'e VRIPPLE_LV2_FPWM switching cycle, FPWM, - 10 15 | mVpp
9 SSP_EN bit = 0
CH3_LVBuck3
Maximum Output
Current P lOUT_MAX_LV3 1.5 - - A
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Parameter

Symbol

Test Conditions

Min

Typ

Max

Unit

Load Transient

VLOAD_TRAN_LV3_FPWM

VouT Lv3 = 1.8V,

VIN_LV3 = 3.6V,

louT_Lv3 =100mAto 0.5A to
100mA, 1us, FPWM

-50

50

mV

Line Transient

VLINE_TRAN_LV3_FPWM

VouT Lv3 = 1.8V,
VIN_Lv3 = 3V to 5V to 3V,
50us, louT_Lv3 =
10mA/0.75A/1.5A, FPWM

-50

50

mV

Load Regulation

VLOAD_REG_LV3

VouT _Lv3 = 1.8V,
VIN_LV3 = 3.6V,
AlouT_Lv3 = 1.5A, FPWM

0.15

%

Line Regulation

VLINE_REG_LV3

VouT Lv3 = 1.8V,
VIN_Lv3 = 2.7V to 5V,
louT Lv3 = 1.5A

%

Output Ripple
Voltage

VRIPPLE_LV3_FPWM

Peak to peak in one
switching cycle, FPWM,
SSP_EN bit=0

10

15

mVpp

CH4_LDO1

Power Supply
Rejection Ratio

PSRRLDO1

VouT_Lpbo1 = 3.3V, VIN_LDO1
> 3.6V, louT_LDO1 = 100mA,
f = 100kHz

Disturbing signal = 100mV

60

dB

VouT_Lbo1 = 3.3V, VIN_LDO1
> 3.6V, louT_LDO1 = 100mA,
f = 100kHz to 1TMHz
Disturbing signal = 100mV

40

dB

Load Transient

VLOAD_TRAN_LDO1

VouT_Lbo1 = 3.3V, VIN_LDO1
= 3.6V, louT_LDO1 = 10mA
to 0.2Ato 10mA, 1ps,
Co_Lbo1 =2.2uF

25

mV

Line Transient

VLINE_TRAN_LDO1

VouT_Lpbo1 = 3.3V, VIN_LDO1
step 600mV, 10us, the
LDO1 is not in dropout
condition, louT_LDO1 = 1mA/
0.3A

25

mV

CH5_LDO2

Power Supply
Rejection Ratio

PSRRLDO2

VouT_Lbo2 = 3.3V, VIN_LDO2
> 3.7V, louT_LDo2 = 100mA,
f = 100kHz

Disturbing signal = 100mV

20

dB

Vout_Lbo2 = 3.3V, VIN_LDO2
> 3.7V, lout_LDO2 = 100mA,
f = 100kHz to 1TMHz
Disturbing signal = 100mV

15

dB

Load Transient

VLOAD_TRAN_LDO2

VouT_Lbo2 = 1.8V, VIN_LDO2
= 3.6V, louT_LDO2 = 10mA
to 0.2A to 10mA, 1ps,

Co Lbo2 = 2.2uF

-50

50

mV
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Parameter

Symbol

Test Conditions

Min

Typ

Max

Unit

Line Transient

VLINE_TRAN_LDO2

VouT_Lbo2 = 1.8V, VIN_LDO2
step 600mV, 10us, the
LDO2 is not in dropout
condition, louT_Lb0o2 = 1mMA/
0.4A

25

mV

1/0 Time Deglitch

EN Rising
Deglitch Time

tEN_R_DEG

us

EN Falling
Deglitch Time

tEN_F_DEG

50

us

RESETIN
Detection Delay
Time

tRESETIN_DET_DLY

Delay time starts detecting
RESETIN after PGOOD
normal state is ready

100

us

RSETIN Rising
Deglitch Time

tRSETIN_R_DEG

50

us

RSETIN Falling
Deglitch Time

tRSETIN_F_DEG

us

WDT Time Deglitc

>

WDI Rising
Deglitch Time

twDI_R_DEG

WDI Falling
Deglitch Time

twDI_F_DEG

Start detecting WDI after
PGOOD normal state is
ready

50

us

50

us

Protection Time D

eglitch

HVBuck1 Output
UVP Deglitch
Time

tuVP_DEG_HV1

50

us

LVBuck2 Output
UVP Deglitch
Time

tuvP_DEG_LV2

50

us

LVBuck3 Output
UVP Deglitch
Time

tUVP_DEG_LV3

50

us

LDO1 Output
UVP Deglitch
Time

tuvP_DEG_LDO1

50

us

LDO2 Output
UVP Deglitch
Time

tuUvP_DEG_LDO?2

50

us

HVBuck1 Output
OVP Deglitch
Time

tOVP_DEG_HV1

50

us

LVBuck2 Output
OVP Deglitch
Time

tovP_DEG_LV2

50

us

LVBuck3 Output
OVP Deglitch
Time

tovP_DEG_LV3

50

us
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Parameter

Symbol

Test Conditions

Min

Typ Max

Unit

LDO1 Output
OVP Deglitch
Time

tovP_DEG_LDO1

50

us

LDO2 Output
OVP Deglitch
Time

tovP_DEG_LDO2

50

us

PVD23 OVP
Rising Deglitch
Time

tovP_R_DEG_PVD23

us

PVD23 OVP
Falling Deglitch
Time

tOVP_F_DEG_PVD23

us

PVD45 OVP
Rising Deglitch
Time

tovP_R_DEG_PVD45

us

PVD45 OVP
Falling Deglitch
Time

tOVP_F_DEG_PVD45

us

HVBuck1 OCP
Deglitch Time

toCcP_DEG_HV1

ms

LVBuck2 OCP
Deglitch Time

tocP_DEG_LV2

ms

LVBuck3 OCP
Deglitch Time

tocP_DEG_LV3

ms

LDO1 OCP
Deglitch Time

tocP_DEG_LDO1

ms

LDO2 OCP
Deglitch Time

toCP_DEG_LDO2

ms

1c

SCL, SDA High-
Level Input
Threshold
Voltage

VIH_I2C

1.2

SCL, SDA Low-
Level Input
Threshold
Voltage

VIL_12C

SCL Clock
Frequency

fscL

- 1000 kHz

(Repeated) Start

Hold Time

tHD;STA

Hold time (repeated) start

condition. After this period,

the first clock pulse is
generated.

0.26 --

us

SCL Clock Low
Time

tLow

0.5

us

SCL Clock High
Time

tHIGH

0.26 -

us

(Repeated) Start

Setup Time

tsu;sTA

Set-up time for a repeated

START condition

0.26 -

us
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Parameter Symbol Test Conditions Min Typ Max Unit
SDA Data Hold D 0 _ _ ns
Time HD;DAT
SDA Set-Up
Time tSU;DAT 50 - - ns
STOP Condition
Setup Time tsuisTo 0.26 N B Hs
Bus Free Time
between Stop
and Start tBUF 0.5 - - Hs
Condition
Rising Time of
Both SDA and trR -- -- 120 ns
SCL Signals
Falling Time of
Both SDA and tF -- -- 120 ns
SCL Signals
SDA Output Low _

Sink Current loL_I2c SDA voltage = 0.4V 2 -- -- mA
SDA Valid
Acknowledge tVD;ACK - - 0.45 us
Time
Component Constraint
LHV1 1 1.5 2
Effective Output I /- 0.68 1 12 | uH
Inductance
LLva 0.68 1 1.2
Effective Boot
Capacitance CBooT 0.07 0.1 0.13 uF
Effective PVCC
Capacitance Cpvcc 0.3 1 1.4 uF
CIN_VIN 1.5 4.7 10
Effective Input [0 100 15 | 47 10 uF
Capacitance =
CIN_PVD45 0.7 2.2 4
Co_Hv1 3.3 10 14
Co Lv2 4.5 10 14
Effective Output " 7 - 45 10 14 uF
Capacitance =
Co_LDo1 0.7 2.2 33
Co_LD02 0.7 2.2 22
Output
Capacitance
ESR for
HVBuck1, Co_EsSR -- 10 20 mQ
LVBuck2,
LVBuck3, LDO1,
and LDO2

Copyright © 2024 Richtek Technology Corporation. All rights reserved.

RICHTEK is a registered trademark of Richtek Technology Corporation.

DSQ2080-QF-00

August 2024

www.richtek.com

19



RTQ2080-QF RICHTEK

15 Typical Application Circuit

15.1 General Radar Application
VCC Vout_Hvi Vout_Lbo1
CAN_H «—» CANH 1 1/0 Suppl
CAN_L +———— CANL Vio Toreg - Peri;:e);al Circuit
VBAT CAN Transceiver XD I = :L
L RXD =
I INH N -
- CANTX
’7 RTQ2080-QF __‘ CAN_RX
13.\Q\N/ ° 1 i CAN_EN
I 4.7uF |_3 EN " VOL:JSTél\_/DOZ
= " 23 WDEN VOUT5 o _L - 1/0 Supply >
1060 N 2.2uF :L:
o PvCC . 1|;sz Voﬂ ¢vz 551
e T el Tenl U Le | L
=+ L 10uFl: 10pFl llOuF
VOUuT_Hv1 o 1r'w5rErt| 5 !
° Y Lca ca L S o L3 Core Supply
:L:lOHF 0.1uF—|__6 BOOT a0 m Volu.Tﬁ;_vs ,_
c7 L Radar
L voutt lOuFI SoC
11
= 9 PVD23 vouTs Vourt_Lboz
4.7pF
+ S T T g
20| bypas 1 10kQY  10kQ 10kQS 10kQ R
cs L WDTERR RESET
2.2uFl ERROUT |- 1o
PGOOD |
VOUT_L3[‘)§)\:; ° —T 191 youTa o |2 o RX
Z-ZNFI spa [ SDA
scL 2 scL
1o Ne RESETIN |2 1o —
PGND,
L CP1, CP2, CP3, CP4
J__ZS (Exposed Pad)
Table 1. Recommended Component List for Evaluation Board
Reference Qty Part Number Description Package Manufacturer
C1 1 GCM31CC71H475KA03 4. 7uF/50V/IX7S 1206 MURATA
C2 1 GCM155C71A105KE38 1.0uF/M10V/X7S 0402 MURATA
C3 1 GCM155R71C104KA55 0.1uF/16V/X7R 0402 MURATA
Cé’,],]CGC’%?’ 1 GCM21BC71C106KE36 10uF/M16VIX7S 0805 MURATA
C5 1 GCM21BR71C475KA73 4. 7uF/16V/X7TR 0805 MURATA
C8, C9, C10 1 GCM188C71A225KE02 2.2uF/10V/IX7S 0603 MURATA
L1 1 TFM201610ALMA1R5MTAA 1.5uH/3.1A/85mQ 0806 TDK
L2,L3 1 TFM201610ALMA1ROMTAA 1uH/3.7A/50mQ 0806 TDK
R1, R2, R3, 1 MRO02X1002FAL 10kQ/1% 0201 WALSIN
R4, R5
FB1 1 BLM18KG300JH1 30Q@100MHz/3.3A 0603 MURATA
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16 Typical Operating Characteristics

HVBuckl Load Transient

LVBuck?2 Load Transient

T v T T T T T T T
I 1 I 1 1 1 1 1 |
I 1 I 1 1 1 1 1 I
""" At s A e A o B e B
I 1 I 1 1 1 1 1 I
I 1 I 1 1 1 1 1 |
VouT Hvi VN [ - A
i OUT_LV2 | 1 | ! [ 1 1 \ I
(O'1V/DIV) ' (0.05V/DiV) I r’ I 1 1 1 1 1 I
e e S S T e
V =1.5V, PVD23 =5V, T, = 25°C
----- 4 vOUT hvi = 5V, Vi = 12V, Ty = 25°C, - b----2- YOUuT_Lv2 1A
‘ ' loyt = 10mA to 0.5A to 10mA, 1ps, FPWM
_____ ! loyr = 10mA t0 0.5A to 10mA, 1us, FPWM__ I L A N s A B A S A
1 T ) T T T I : J\- : : : : :
_____ SRR ISR VRRRPRN AU (RSSO IUURRPU PR NSRS SR SRR SRy SE R SRR SRRSO SUPRPUN R SR
1 1 1 1 1 1 1 | | 1 I 1 I |
1 1 1 1 1 1 1 | | 1 1 1 1 |
_____ VRSO ISR PUPUPRUR ANUR PRSP ANURUP SUPUO ISR S R S-Sy S UP-E U PRSI SRS
lout 1 Lo | lout ! A !
(0.2A/Div) B==77"7 FT R Rk Ry RS SEEEE (0.2A/Div) P77 e T
! ! ! ! ! ! ' ! ! | i | i | i i i |
Time (0.1us/Div) Time (0.1us/Div)
LVBuck3 Load Transient Output Voltage Ripple (Full Load)
T v T T T T T T T
1 1 1 1 1 I I 1 I
_____I_____I____\_____\ ____\_____\ ____I_____\ ____\_____
H T T YT Vout Hvi
(0.05V/Div)
1 1 1 1 1 I I I
VOUT_LV3 1 I_ 1 1 1 I I L_ I
©osvibw) [~ 1 Vour_Lv
R e e e e e -kt i (0.02V/Div)
______ Vout Lvs = 1.1V, PVD23 =5V, Ty = 25°C,. Vour Ly
| 10mA to 0.5A to 10mA, 1ps, FPWM 0y
_____J___?lJI.T___J_____L____J_____L____J___fl_l_____i_____ (OOZV/DIV)
1 1 1 1 | | I
_____ LT L] Vour ot
: R | (0.02V/Div)
..... e
louT : A 1 Vout_Lbo2
0 3wy P === oozviow
1 1 1 1 1 I | 1 I
. _ Vout_Hv1 =5V, Vour_Lve = 1.5V,
Time (0.1ps/Div) Vour_Lvs = 1.1V, Vour 1 po1 = 3:3V,
VOUT_LD02 = 33V, SSP_EN bit = 0, TA = 25°C,
Time (0.2ns/Div)
SEQ6 Power-On SEQ6 Power-Off
VouT_Hvi Vour kv —
(2V/Div) (2VIDiv) [---- F roa
VouT_Lbo1 Vout_tpbo1 [---- 1--oooro--oa
(2VIDiv) (2v/Div) ]
VouT Lpo2 Vourt_Lbo2 o
(2VIDiv) (2V/Div) —
VouT_Lv2 Vour_wve [T
(1V/Div) (VIDIV) T ]
Vour_Lvs Vout_Lvs [ rab .
(1VIDiv) (0.5V/Div) i_% _____ \ :
PGOOD PGOOD | J _____ - _____
(2V/Div) (2v/Div) f s
Vout_nvi = 5V. Vour_ve = 1.5V, Vour_Lvs :3131\>/ ' Vout_Hvi =5V, Vout vags} -5V, Vout_Lva -31 1v,
OUT_LDO1 = OUT_LDO2 = : OUT_LDO1 = Vout_Lboz =
PGOOD is pulled up toV , Ta=25°C PGOOD is pulled up to V, T 25°C
ouT_Lpo2: Ta ouT_LDO2: 1A=
Time (2ms/Div) Time (2ms/Div)
RICHTEK
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Efficiency (%)
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// Vi = 9V
Vi = 4.2V

Efficiency (%)

(W=
/

Vout Lvi =5V, Ty =25°C
| ! |
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Output Current (A)

100
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20

0.75 1.00 1.25 1.50

LVBuck3 Efficiency

Via .

, PVD23 = 2.7V
PVD23 = 3.3V

I~ PvD23=3.6V
PVD23 = 5V

Vout Lva = 1.1V, T4 = 25°C
il \
0.0 0.3 0.6 0.9 1.2 15
Output Current (A)
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(o]
o
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o

20

LVBuck?2 Efficiency

—

PVD23 = 2.7V
PVD23 = 3.3V
PVD23 = 3.6V
PVD23 =5V

Vour Lvz =15V, Ty =25°C
\ \
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0.9 12 15
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RICHTEK RTQ2080-QF
17 Operation

The RTQ2080-QF is a highly integrated power management integrated circuit (PMIC) for automotive radar system.
It includes three step-down converters (HVBuck1, LVBuck2, LVBuck3) and two generic LDOs (LDO1, LDO2).

17.1  System Undervoltage and Overvoltage Protection

The RTQ2080-QF disables all channels if the VIN voltage falls below the undervoltage lockout falling threshold
(VuvLo_F) and the condition lasts for more than 32us. The device initializes its default state after the ViN voltage
recovers from undervoltage lockout rising threshold (VuvLo_R).

When the VIN voltage reaches the overvoltage protection rising threshold (Vovp_R_VIN), the step-down converters
and LDOs are disabled immediately. Then the IC enters the “Regulator-Off” state, and PGOOD and ERROUT change
from "H" to "L" to indicate that the IC is in a fault status. When VN falls below 19.5V and the condition lasts for more
than 5us, then the RTQ2080-QF resumes operation automatically.

17.2 Over-Temperature Protection

The RTQ2080-QF features over-temperature warning (OTW) and over-temperature protection (TSD). When the
junction temperature exceeds the typical value of 130°C, the OTW function is triggered, and ERROUT changes from
"H" to "L" state for indication, but all outputs continue to operate. When the junction temperature exceeds the typical
value of 170°C, the TSD function is triggered, disabling all outputs, and the device enters the “Regulator-Off” state.
Meanwhile, PGOOD also changes from "H" to "L" state to indicate the IC is in a fault status. The RTQ2080-QF
automatically resumes operation once the temperature drops below the TSD level with a 20°C hysteresis band.

17.3 Pre-Regulator

The device integrates a 4.58V linear regulator (PVCC) supplied by VIN to provide power to the internal circuitry. The
PVCC is “NOT” allowed to power any other device or circuitry. A 1uF decoupling capacitor must be connected
between PVCC and AGND to filter the noise, and it needs to be placed as close as possible to the PVCC pin.

17.4 Peak Current Mode Control

The three step-down converters utilize the peak current mode control. At the beginning of each clock cycle, the
internal high-side MOSFET turns on, allowing the current to ramp up in the inductor. By comparing the inductor peak
current signal with the internal compensation signal derived from the feedback voltage, the turn-on time of high-side
and low-side MOSFETSs in every switching cycle are determined. In other words, the inductor current is used to
control the duty cycle and output voltage regulation of the converter.

17.5 Spread Spectrum Operation

Due to the periodicity of the switching signal, the energy concentrates at one particular frequency and its N-order
harmonics. This partial energy may be emitted as radiation and may cause the EMI issues. The RTQ2080-QF is
equipped with a spread spectrum function to mitigate EMI and meet the automotive EMC compliance (CISPR 25).
The implemented spread-spectrum function, using a pseudo-random sequence makes the switching frequency vary
randomly from 0% to 6%. For example, when the typical switching frequency is 2.04MHz, the switching frequency
varies randomly between 2.04MHz and 2.162MHz. Therefore, the RTQ2080-QF can guarantee that the 2.04MHz
switching frequency does not fall within the 1.8MHz AM band limit scope of CISPR 25.
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17.6  Phase-Shift Operation

The RTQ2080-QF supports phase-shift operation to prevent all step-down converters from switching simultaneously,
further reducing the radiation quantity of energy. The phase-shift difference in the clock between each step-down
converter automatically changes based on the numbers of enabled channels. For example, when two step-down
converters are in use, the initial turn-on time between two high-side MOSFETSs has a 180-degree phase difference.
Likewise, there is a 120-degree phase difference when three step-down converters are in use.

17.7  Channel Floating Allowable

To save PCB layout space and reduce material cost, the unused low-voltage step-down converters (CH2/CH3) can
be left with pins floating, without the need for placing any inductors and output capacitors. The RTQ2080-QF
automatically detects the pin status during the power-on procedure to determine whether the channel is used or not.
After that, any failure of an unused channel does not affect the device operation.

17.8 Power-Good Indication

The RTQ2080-QF features an open-drain output pin named PGOOD (Power-Good) to indicate the output voltage
status of all channels. Connect a pull-up resistor from the PGOOD pin to an external voltage. When the last channel
in the power-on sequence reaches 90% of its target output voltage, the PGOOD signal will be pulled high to indicate
a “Power-Good” status after a 10ms delay.

17.9 Watchdog Timer Function Monitoring

The RTQ2080-QF features an integrated watchdog timer function that monitors signal inputs received via 12C or WDI
kicks from an external system to assess operational status. This function can be configured for either Window
Watchdog Timer (WWDT) mode or Simple Watchdog Timer (WDT) mode, depending on the specific requirements
of the system application.

Table 2. Unused Channel Pin Connection

Unused Channel Unused Pin Number Unused Pin Name Pin Configuration
7 VOUT2 Floating
LVBuck2 8 SW2 Floating
9 PVD23 Connect to a fixed stable voltage
9 PVD23 Connect to a fixed stable voltage
LVBuck3 10 SW3 Floating
11 VOUT3 Floating
o
20 PVD45 Connect to a fixed stable voltage
20 PVD45 Connect to a fixed stable voltage
.
ERROUT 13 ERROUT Sc;:rl:elj:; troe:i;‘izfd stable voltage via
PGOOD 14 PGOOD Floating
NC 16 NC Connect to ground
WDI 15 WDI Connect to ground
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Unused Channel Unused Pin Number Unused Pin Name Pin Configuration
2c 17 SDA Connect to ground
18 SCL Connect to ground
RESETIN 22 RESETIN Connect to ground
WDEN 23 WDEN Connect to ground
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18 Application Information
(Note 9)

18.1 Device and Channel Enable Control

There is a hardware enable pin, EN, to control the RTQ2080-QF. When the supply voltage VIN reaches the power-
on reset level of 2.7V (typical) and EN is in a high state, the device is enabled and ready to receive 1°C commands
for configuration. When VIN continues to rise higher than the UVLO rising voltage and the SEQ_CTRL register at
0x00[0] = 1, the power-on sequence starts. The channels are sequenced to power off if the EN state changes to low
or the SEQ_CTRL register at 0x00[0] = 0. All channels shut down immediately without any sequence once VI falls
below UVLO falling voltage.

18.2 Device Register Configuration Control

Write access to the registers or bits marked as "CFG_LOCK (Configured Lock)” is restricted viathe TM_PASS_CODE
registers at 0x20 and 0x21. Before the configuration of the registers can be changed, the correct password must be
written to enter guest mode and unlock the control registers. Once changes are complete, an incorrect password
must be written to leave guest mode and lock the control registers, avoiding unexpected operation.

18.3 Device State Machine

There are seven main states listed in the Table 3.
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Table 3. Device State

State

Description

Entry

Exit

Power-Off

The device is in non-
operation state.

e VIN < 2.5V (typical)
From Regulator-Off
e EN=L

e VIN2 2.7V (typical)
ANDEN=H

Regulator-Off

The device loads OTP for the
default setting and passes
the OTP CRC checksum
value comparison. All
channels are still disabled,
and the PGOOD/ERROUT
signals are driven to a low
state.

From Power-Off
e Pass the OTP CRC checksum
value comparison

From Standby/Power-On

e EN=L

e VIN<VUVLO F

o Fault event (VIN OVP, VPvD23
OVP, VpvD45 OVP, TSD)

e RESET behavior (RESETIN,
RESET bit)

From Active/Alarm

e EN=L

e VIN<VUVLO F

o Fault event (VIN OVP, VpvD23
OVP, VpvD45 OVP, TSD)

e RESET behavior (RESETIN,
RESET bhit)

e SEQ CTRL_bit 0x00[0] =0

From Fail-Safe

e EN=L

e VIN<VUVLO F

e RESET behavior (RESETIN,
RESET bit)

¢ REBOOT_ACT 0x00[1] =1

To Power-Off
e VIN < 2.5V (typical)
e EN=L

To BIST

e VIN > VuvLo R AND no
fault event (VIN OVP,
VpvD23 OVP, VPVvD45
OVP, TSD) AND EN =
H.

The device passes built-in

To Regulator-Off

e EN=L

e VIN<VuvLO F

o Fault event (VIN OVP,
VpvD23 OVP, VPvD45

Standby self—t2est (BIST) and waits for BIST pass OVP, TSD)
an I“C command to enable
all channels. To Power-On
e SEQ_CTRL 0x00[0] = 1
AND No RESET
behavior (RESETIN,
RESET bit)
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State Description Entry Exit

To Regulator-Off

e EN=L

e VIN<VuVLO F

o Fault event (VIN OVP,
VpvD23 OVP, VPVvD45
OVP, TSD)

To Active

rrom stanaby
From Standb « All enabled channels

Power-On Channel power-on SEQ_CTRL 0x00[0] = 1 AND No outout voltages rise to
procedure gets started. RESET behavior (RESETIN, 9003 of the gﬂ ot
RESET bit) ° 9
values
To Fail-Safe

e Fault event (CH Vo
UVP, CH Vo OVP) if
the register OXOF = 1Fh,
0x10 = 1Fh

o Fault event (CH OCP)

To Regqulator-Off

e EN=L

e VIN<VuvLO F

e Fault event (VIN OVP,
VpvD23 OVP, VpPvD45
OVP, TSD)

o RESET behavior
(RESETIN, RESET bit)

o WDT fault triggers if
WDT_FAULT
OXAD[1]=1

e SEQ CTRL 0x00[0] =0

All enabled channels’ output
voltages rise to 90% of the

target value. The PGOOD From Power-On

: o All enabled channels output To Alarm
2E:nge IEtcljRaOl;i-lg—;h sts;?enatlcs) voltages rise to 90% of the ¢ Fault event (CH Vo_
Active indicate the power status and target values UV.P’t CF(') \6?: ?\{)F()))hlf
any fault events. The From Alarm I)?(gllg irooxh - ’
RESEIN and WDT functions | —— .. . . . .
are  activated  after the | ® All fault registers (0x11 to o WDT fault triggers if
PGOOD signal changes to a 0x15) event =0 V\:)DT_FAULT OxAD[1]

H” state. o Fault event (OTW)

o Any fault register (0x11
to 0x15, except 0x12[6])
event =1

To Fail-Safe

e Fault event (CH Vo
UVP, CH Vo OVP) if
register OXOF = 1Fh,
0x10 = 1Fh

o Fault event (CH OCP)
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State Description Entry Exit
To Regulator-Off
e EN=L
e VIN<VuVLO F
When a fault event is « Faultevent (ViN OVP,
. VpPvD23 OVP, VPvD45
detected but the channel is .
not turned off, the PGOOD From Active OVP, TSD)
sianal keeps i|"1 a hiah state | * Fault event (CH Vo UVP, CH e RESET behavior
ar? e EEROUT %es ow | Vo OVP) if register Ox0F = (RESETIN, RESET bit)
; ; 9 00h, 0x10 = 00h « SEQ_CTRL 0x00[0] = 0
or a warning. :
Alarm In the event of a Watchdo « Faultevent (WDT faul) if
) 9 WDT_FAULT OxAD[1] =0 To Active
Timer (WDT) fault, the .
: .| o Fault event (OTW) o All fault registers (Ox11
WDTERR signal will : N
- o Any fault register (0x11 to to 0x15) event =0
transition to a low state for a _
: 0x15, except 0x12[6]) event =
duration of 190us before .
returning to the high ("H") | To Fail-Safe
state 9 9 e Fault event (CH VO
) UVP, CH VO OVP) if
register OXOF = 1Fh,
0x10 = 1Fh
e Fault event (CH OCP)
When a fault event is
detected and all channels are To Regulator-Off
turned off, the PGOOQOD signal | e BIST failure e VIN<VuvLO F
changes to a low state to | e Fault event (CH Vo UVP, CH e EN=L
Fail-Safe indicate the power status. Vo OVP) if register OXOF = e RESET behavior
The ERROUT signal also 1Fh, 0x10 = 1Fh (RESETIN, RESET bit)
changes to a low state to | e Fault event (CH OCP) e REBOOT_ACT 0x00[1]
indicate a fault has been =1
detected.
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From any state
VIN< 2.5V (typ.)

Vin< 2.5V (typ.) ||
EN=L

Power-Off
PGOOD =X

ViNZ 2.7V (typ.) &&
EN=H

EN=-L && oTpP otp
KEEP_AWAKE bit = 0 Load oTp CRC Fail
CRC FAIL
oTP
From any State CRC PASS

EN=L&&
KEEP_AWAKE bit =0
From Standby, Power-On, Active, Alarm

Regulator-Off
Vin < Vuvio £ | 9

PGOOD =0

VinOVP =11| Vin 2 Vuvio r &&

Vewpzs OVP =1 | EN=H &&

Vevpas OVP =1 | Vin OVP =0 && Vi €V,
TSD=1 N < Vuvio F

Vpvpzs OVP =0 &&
Vevoas OVP =0 &&
TSD=0

RESET bit=1 ||
RESETIN=H ||
REBOOT_ACT =1

Build-In
Self-Test
(BIST)

BIST FAIL

BIST PASS SEQ_CTRL bit=0|
RESET bit=1 ||

RESETIN=H

Standby
PGOOD =0

Normal Power-Off procedure
Enabled channel OC = 1

Fail-Safe
SEQ_CTRL bit=0|| PGOOD =0
RESET hit=1]]

RESETIN=H ||

When OXAD[1] =1
WDT fault triggers

SEQ_CTRL bit=18&&
RESET hit =0 &&
RESETIN=L

Enabled channel OC= 1|

Enabled channel OV =1 ||
When OxOF = 1Fh

Enabled channel UV =1
(Begin fault detection once this
channel Vo = 90% of voltage
setting)

Enabled channel OC= 1|

Enabled channel UV =1 ||
Enabled channel OV =1

Power-On
PGOOD =0

Alarm
PGOOD =1

All enabled channels
Vo 2 90% of the target
values.

Al fault registers
(Ox11 to Ox15) event =0

Any faultregister (Ox11 to 0x15, except 0x12[6])
event=1]|
oTW=1]|

Enabled channel OC=1]|
- Nhen OxOF/ 0x10 = 1Eh
Enabled channel UV =1 ||
Enabled channel OV =1 ||

Enabled channel UV =1 ||
Active Enabled channel OV =1
PGOOD =1

WDT fault triggers

Figure 1. State Machine
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18.4 Power Sequence and Interval Time Setting

The RTQ2080-QF offers seven power-on sequencing options, as shown in Table 4. The power sequence and interval
time between channels can be programmed via 12C, but only if the SEQ_CTRL register at 0x00[0] is cleared to O.
Adjustments made to the power sequence register at 0x02[2:0] and the interval time register at 0x02[6:3] will become
effective at the next power-up event. For permanent settings, the RTQ2080-QF includes the OTP36 register at
0xE4[6:0], which provides OTP (one-time programmable) options for setting the power sequence and interval times
as the default upon manufacture.

Table 4. Power-On Sequence

SEQ No. Sequential Power-On Sequence

ON_Td ON_Td ON_Td+250ps ON_Td+1ms+tPGOOD_DLY

SEQO0 | CH1 ——=5 CH2 — CH3 CH4 PGOOD
ON_Td+550ps ON_Td ON_Td ON_Td+1ms+tPGOOD_DLY

SEQ1 CH1 CH4 CH3 CH2 PGOOD
ON_Td+550ps 2*(ON_Td)+1ms ON_Td tPGOOD_DLY

SEQ2 CH1 CH4 CH3 —— CH2 ————— PGOOD
ON_Td tPGOOD_DLY

SEQ3 | CH1 — CH2, CH3, CH4 ————— PGOOD
ON_Td ON_Td ON_Td+250ps ON_Td ON_Td+1ms+tPGOOD_DLY

SEQ4 | CH1 ——=5 CH2 — CH3 CH4 CH5 PGOOD
ON_Td+550us ON_Td ON_Td ON_Td ON_Td+1ms+tPGOOD_DLY

SEQS | cH1 CH4 CH3 CH5 CH2 PGOOD
ON_Td+550ps 2*(ON_Td)+1ms ON_Td ON_Td tPGOOD_DLY

SEQ6 | CcH1 CH4 CH5 —— CH2 —— CH3 ———— PGOOD
ON_Td+550ps 2*(ON_Td)+1ms ON_Td ON_Td tPGOOD_DLY

SEQ7 | cH1 CH4 CH3 —— CH2 —— CH5 ———— PGOOD

Note 8. Even if CH2 or CH3 is configured to be disabled by default, the turn-on delay (ON_Td) for CH2 or CH3 is still considered
in the internal time counting for the power-on sequence.

18.5 Power-On/Off Control

The RTQ2080-QF's power sequence can be flexibly managed through various methods, including the use of VuvLo,
the EN pin, the SEQ_CTRL register bit at 0x00[0], or the RESETIN pin, to cater to diverse requirements and
applications. The power-off sequence is executed in the reverse order of the power-on sequence.

VIN > Voo VIN < Voo »
Voor N/ Voo
VIN = EN ~ M«
1 | SEQ_CTRL bit 0x00[0] = 1
SEQ_CTRLbit | unknown | i Unknown
0x00[0] ¢ :
WDEN = PVCC
SIMS - 90%x Vour vt
4—’1 e —
CHL i
~ tss i : 90% X Vour Lpo1
ON_Td+550ps |
cH4 —
———p!
~ tss Loo1 90% X VouT_Lbo2
cHs 2*(ON_Td)+1ms
s
~ tss Lpo2 90% x Vourt_Lv2
ON_Td A
CH2
——p
~tss.1v2 . 90% x Vout_Lva
ON_Td | <
CH3 —>
= tss v
!
WDTERR | Undefined & it \wpTERR is pulled up to CH5 Wi
[
PGOOD | Undefined PGOCD DLY Undefined

Figure 2. SEQ6 Power Sequence Example Using VuvLo (VIN = EN)
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VIN=EN _|
©
12 SEQ_CTRL bit 0x00[0] = 1
SEQ_CTRL bit 2
oxo0[0] =2 SEQ_CTRL bit 0x00[0] = 0
0
90% X VouT_Hv1
CH1L OFF_Td
-
~tss v . 90% X Vout_Lpo1
ON_Td+550ps | A
CH4 —— ) OFF_Td \
—p
=~ tss 1001 90% X VouT_Lpo2
2*(ON_Td)+1ms 3
CH5 > OFF_Td
!
= tss Lo02 90% x Vourt_Lv2
ON_Td <
CH2 OFF_Td
—
~tss vz 90% x Vout_Lv3
CH3 OFF_Td
c
2
£
WDTERR [ If WDTERR is pulled up to CH5
s
S tPGooD_bLY
PGOOD &
Figure 3. SEQ6 Power Sequence Example 1 Using SEQ_CTRL
VIN=EN _|
If SEQ_CTRL bit 0x00[0] = 0 during power-up procedure, the
1§ SEQ_CTRL bit 0x00[0] = 1 power-on sequence remains to be continued until PGOOD = H,
SEQ_CTRL bit g / and change to power-off sequence immediately after PGOOD = H.
0x00[0]
0
90% X VouT_Hvi
CH1 OFF_Td
90% x Vi
~ 't X VouT_Lbo1
SSHVLL ON_Td+550ps | B
<
CH4 ‘OFF_Td
—p
=~ tss_Lpo1 90% x VouT_LDO2
2*(ON_Td)+1ms: -
CH5 OFF_Td
! o,
~ tes 1oz 90% X VouT_Lv2
ON_Td
CH2 OFF_Td
i
~ tss vz . 90% x Vout_Lv3
ON_Tdi 4
CH3 OFF_Td
= tss Lv3
c b
E
WDTERR El If WDTERR is pulled up to CH5
8
PGOOD E tPGOOD_DLY

Figure 4. SEQ6 Power Sequence Example 2 Using SEQ_CTRL
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VIN _|
tEN_R_DEG
EN __: 1 o
5
13 SEQ_CTRL bit 0x00[0] = 1
SEQ_CTRLbit |5
0x00[0] ! <1ms
—i
90% x VouT_Hvi
CH1 OFF_Td
-
~ tss mv 90% x VouT_LbOoL
~ i ON_Td+550us e =
CH4 OFF_Td
P
~ tss 1oL 90% X VouT_Lbo2
* e
s 2*(ON_Td)+1ms: OFF Td
-
= tss ooz 90% x Vout_Lv2
ON_Td AT
CH2 OFF_Td
i
~ tss v 90% x VouT_Lv3
~ iON_Td A
CH3 OFF_Td
c tss L3
e
WDTERR & |fWDTERR is pulled up to CHS
PGOOD & tPGoOD_DLY
Figure 5. SEQ6 Power Sequence Example 1 Using EN
VIN | If EN = L during power-up procedure, all on state channels
shutdown simultaneously. The device restarts power-on
f / sequence after CH1 is turned off for 32ms.
EN_R_DEG
EN 41J i+ *Lg i
tEN_F_DEG teN_R DEG
<
1% SEQ_CTRL bit 0x00[0] = 1
SEQ_CTRLbit £
0x00[0] 0 < 1ms
e 32ms
90% X VouT_Hvi 90% x VouT_Hvi
CH1 B B
> -
= tss_ Hv 90% X VouT_LDO1 = tss_Hv 90% X VouT_Lpbo1
+ A [+ A
cHa ON_Td+550us \\ ON_Td+550us
! !
~ tss Lpo1 = tss Loo1 90% x VouT_LDO2
2*(ON_Td)+1ms 2*(ON_Td)+1ms: <
CH5 _ . -
-
=~ tss Lbo2 90% x VouT_Lv2
ON_Td A
CH2 =
S E—
~ tss vz . 90% x VouT_Lv3
CH3 <
c ~ tss_Lv3]
a b
g
WDTERR ! t\WDTERR is pulled up to CH5 N
5
£ tPGooD_DLY
PGOOD @ =

Figure 6. SEQ6 Power Sequence Example 2 Using EN
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VIN=EN _ | If RESETIN goes high during the power-up procedure, the power-on
» sequence will continue until PGOOD = H. After PGOOD = H, the
{RESETIN_F_DEG i sequence will change to the power-off sequence. tRESEnN?DE-‘LDLy
RESETIN i I
z tRESETIN_R_DEG
1% SEQ_CTRL bit 0x00[0] = 1
SEQ_CTRLbit |5
0x00[0] =
90% X VouT_Hvi
CH1 OFF_Td
—
= tss Hv . 90% x VouT_Lpbo1
CH4 ON_Td+550ps | < OFF Td
!
=~ tss Loo1 90% x VouT_LDO2
CHs 2*(ON_Td)+1ms =i oFF Td
-
=~ tss Lpo2 90% x VouT_Lv2
ON_Td A
CH2 OFF_Td
-
~tss vz 90% x Vout Lv3
CH3 OFF_Td
5
&
3
WDTERR I If WDTERR is pulled up to CH5
<
g
S tPGOOD_DLY
PGOOD &
Figure 7. SEQ6 Power Sequence Example Using RESETIN
VIN > Vyyio r
Veor
VIN
Use IZC to command OxOE[3] = 1 after EN = H state. Use I2C to command Ox0E[3] = 0 ~
1
KEEP_AWAKE bit Unknown
Ox0E[3]
pPvCC
tEN_R_DEG
i tEN_F_DEG
EN tEN_F_DEG *L *{ -+
90% X VouT_Hv1i
CH1 OFF_Td
—
= 1ss Hvi X 90% x VouT_Lbo1
CHa ON_Td+550ps | A oFF T
!
= tss_Lpo1 90% x VouT_LD0o2
CHs 2*(ON_Td)+1ms: AT —_
-
~ tss LDo2 90% x VouT_Lv2
ON_Td AT
CH2 OFF_Td
i
= tss vz . 90% x VouT Lva
cH3 1
; OFF_Td
tss_Lv3:
F—]
WDTERR Undefined If WDTERR is pulled up to CHS
tPGOOD_DLY]
PGOOD Undefined

Figure 8. SEQ6 Power Sequence with KEEP_AWAKE Function
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PMIC: Dectects PMIC: Host: Host:
Watchdog Timout Auto-Restart Identify & Clear Fault WDT_EN bit =1
WDT KICK 1 Too Fast Faul Valid Region Valid Region Valid Region
il b; Too Slow Fal?ll; ] (Default Setting) ] (Host Command) ] (Host Command) ]_
|
0
1
WDT_FAULT_EVT Host:
bit WDT_EN bit =0

0
WDT_EN
bit

0

32ms
The First Rail \
Of PMIC
The Last Rail —————
of PMIC \\
PGOOD
ERROUT
WDTERR Internal Floating, the state depends on the pull:tip voltage.
Timerout = 1 Timerout = 0 Timerout = 0 Timerout = 0
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Figure 9. WDT State Flow — PMIC Auto-Restart by 12C Kicks (WDEN = PVCC, WDT_FAULT bit = 1)
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Figure 10. WDT State Flow — PMIC’'s WDTERR Toggles by I2C Kicks (WDEN = PVCC, WDT_FAULT bit = 0)
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Figure 11. WDT State Flow — PMIC Auto-Restart by WDI (WDEN = GND, WDT_FAULT bit = 1)
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Figure 12. WDT State Flow — PMIC’s WDTERR Toggles by WDI (WDEN = GND, WDT_FAULT bit = 0)

18.6 Output Voltage Setting

The output voltage settings of all rails are controlled through 12C by configuring the relevant registers. The RTQ2080-
QF is also equipped with OTP37 to OTP39 registers of OXxE5 to OXE7[7:6] to provide one-time programmable settings
for the corresponding output voltages as the factory default settings.
o HVBuck1, LVBuck2 and LVBuck3
HVBuck1 output voltage can be set via the register at 0x03[3:0] from 2.7V to 5V, with a default voltage of 5V.
LVBuck?2 output voltage can be set via the register at 0x04[4:0] from 0.6V to 1.9V, with a default voltage of 1.5V.
LVBuck3 output voltage can be set via the register at 0x05[4:0] from 0.6V to 1.9V, with a default voltage of 1.1V.

e LDO1 and LDO2
LDOL1 output voltage can be set via register of 0x06[4:0] from 1.8V to 3.5V and the default voltage of 3.3V.
LDO2 output voltage can be set via register of 0x07[3:0] from 1.8V to 3.3V and the default voltage of 3.3V.

18.7 Watchdog Timer Function (WDT)

The RTQ2080-QF comes with a configurable watchdog timer (WDT) function, tailored for diverse application needs.
Through I12C programming, system designers have the flexibility to:

(1) Select between window watchdog timer (WWDT) and simple watchdog timer (WDT) modes.

(2) Decide on kicking the watchdog via I°C commands or an external WDI pin signal.

(3) Choose the fault response based on the WDT_FAULT bit 0XAD[1]. When a WDT fault occurs, the system has the
option to either issue an alert indication through the WDTERR pin and then enter the "Alarm" state, or to shut off
the regulators and perform an automatic restart.
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Below are WDT state flow diagram and WDT timing diagrams:

WDT IDLE

A

PGOOD =H ?

A 4

WDT CFG

A

No Timer Reset &
WDT Register Setting Clear

WDT_EN bit
=0

4

Yes

A 4

WDT Timer On <—|

Timer Reset

A

Kick Signal .
OXAD [0] =1 || WDT_Tlrgeout
WDI =1

PMIC Restart? No

(OXAD[1] = 1?)

Yes

Timer Reset &
WDT Register Setting Clear &
PMIC Auto-Restart

Figure 13. WDT State Flow Diagram
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Figure 14. WWDT Timing Diagram (WDT_FAULT bit = 0)
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Figure 15. Simple WDT Timing Diagram (WDT_FAULT bit = 0)

Additionally, the RTQ2080-QF's watchdog timer (WDT) function remains inactive during the initial power-on phase,
only starting its count when the power-good (PGOOD) signal shifts from low ("L") to high ("H"). Moreover, should the
RTQ2080-QF experience even a single WDT fault, it will automatically reset the WDT settings to their default values.
This characteristic is crucial for system designers to consider while incorporating the RTQ2080-QF into their designs.
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Note that:

e Using 12C and WDI to send kick commands simultaneously is not permitted. It is recommended to select either
12C or WDI as the primary method of control.

e The state of the WDEN pin must be set to either high or low prior to initiating the power-on procedure. Once the
power-on sequence has begun, any changes to the state of the WDEN pin are prohibited. To alter the Enable or
Disable state of the WDT subsequently, it must be set through the WDT_EN bit OXAD[7].

18.8 Reset Function

The RTQ2080-QF features a dedicated external hardware reset pin, RESETIN, and a RESET register located at
0x0D[4] for resetting the device. The RESET function is triggered once the PGOOD signal remains high for 100
microseconds.

The RESET_ACT register bit at 0Ox0OD[3] offers two reset behaviors:

o With OxODI[3] = 0, it resets all registers except for sequence control at 0x02[4:0] and fault events logs at 0x11 to
0x15. Output rails are disabled per sequence, but fault events logs can be read out by the ECU after reset.

o With OxOD[3] = 1, it resets all registers to defaults except for sequence control at 0x02[4:0]. Output rails are
disabled following the sequence.

18.9 Protection Features

The RTQ2080-QF incorporates a suite of protection features designed to protect the device from potential damage
arising from abnormal operations or fault conditions, including abnormal voltage, overload, short-circuit, and thermal
issues.

18.9.1 Channel Output Undervoltage Protection (UVP)

The RTQ2080-QF is designed with four Undervoltage Protection (UVP) thresholds, adjustable through the
CH_UVP1_CFG 0x08[7:0] and CH_UVP2_CFG 0x09[5:4] registers. The deglitch time for output UVP is configurable
via CH_UVP2_CFG 0x09[3:0]. Should any bit within PROTEC1_CFG 0x0F[4:0] be activated (set to 1), the device
will disable all outputs and shift into a Fail-Safe state when a UV fault is detected. Conversely, if PROTEC1_CFG
O0x0F[4:0] is entirely unset (all zeros), the device keeps channels active but enters an Alarm state upon UV fault
detection. The UV fault occurrences are logged in the CH_UV_EVT 0x13[4:0] register, independent of the
PROTEC1_CFG 0x0F[4:0] configuration. Default UVP behavior is pre-set by the OTP35 register at 0xE3[1]. The
device can be reset using various methods, which are specified in Table 3.

18.9.2  Channel Output Overvoltage Protection (OVP)

The RTQ2080-QF is designed with four Overvoltage Protection (OVP) thresholds, adjustable through the
CH_OVP1_CFG 0x0A[7:0] and CH_OVP2_CFG 0x0B[5:4] registers. The deglitch time for output OVP is configurable
via CH_OVP2_CFG 0x0B[3:0]. Should any bit in PROTEC2_CFG 0x10[4:0] be set to 1, the device shuts down all
outputs and transitions into the Fail-Safe state upon detecting an OV fault in any channel. Conversely, with all bits in
PROTEC2_CFG 0x10[4:0] set to 0 during an OV fault, the device continues operation without disabling any channels,
but enters the Alarm state. The OV fault events are logged in the CH_OV_EVT 0x14[4:0] register, independent of
PROTEC2_CFG 0x10[4:0] settings. Default OVP behavior is pre-set by the OTP35 register at OXE3[2]. The device
can be reset using various methods, which are specified in Table 3.
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18.9.3  Channel Overcurrent Protection (OCP)
This section describes HVBuck1, LVBuck2, LVBuck3, LDO1, and LDO2.

18.9.3.1 HVBuck1, LVBuck2 and LVBuck3

The step-down converter features a cycle-by-cycle protection mechanism that limits the peak current of the high-side
MOSFET, effectively preventing excessive inductor current, even beyond the inductor's saturation current
specification. Should overcurrent be detected, the controller instantly shuts off the high-side MOSFET and then turns
on the low-side MOSFET to keep the inductor current within the peak limit. Once the inductor current dips below the
valley limit, the high-side MOSFET is allowed to switch back on. Continuous overcurrent detection exceeding the
deglitch time will cause the device to shut off all channels and enter the Fail-Safe state. The device can be reset
using various methods, which are specified in Table 3.

18.9.3.2 LDO1 and LDO2

When the load exceeds the current-limit threshold, the output current is regulated to stay at this limit. If the overcurrent
condition persists beyond the deglitch time, the device will disable all channel outputs immediately and enter the Fail-
Safe state. The device can be reset using various methods, which are specified in Table 3.

18.9.4  Channel Input Overvoltage Protection (OVP)

If the input voltage of PVD23 or PVD45 reaches the overvoltage protection level, the IC will shut off all channel
outputs, record the fault events in the register, and enter the Regulator-Off state. Once the input voltage falls beneath
the overvoltage threshold, taking hysteresis taken account, the IC will automatically re-power on.

18.9.5 Built-In Self-Test

The RTQ2080-QF is designed with a Built-In Self-Test (BIST) capability. Before activating the power rails, the device
runs a series of tests on its internal circuits to confirm the integrity of its safety mechanisms. If the BIST does not
pass, the device will enter the Fail-Safe state immediately, without powering the rails. In this event, the
BIST_FAULT_EVT register at 0x11[6] will be set to 1, indicating the occurrence of a BIST failure.

18.9.6 ERROUT Indication

The ERROUT pin on the RTQ2080-QF serves as an error indicator with an open-drain configuration, requiring an
external pull-up resistor. Should the RTQ2080-QF detect a fault while in the Active state, it will pull the ERROUT
signal low. Furthermore, the RTQ2080-QF continuously monitors the ERROUT pin to identify any open-drain logic
faults. The fault event will be recorded by the register bit at 0x12[6].

18.9.7 OTP Register CRC (Cyclic Redundancy Check)

Upon the EN pin transitioning to a high state and the supply voltage VIN exceeding the typical power-on reset
threshold of 2.7V (typical), the device initiates by loading OTP data, thereby resetting all registers to their default
settings. Simultaneously, the CRC controller starts verifying the OTP registers’ integrity through a CRC check. It
calculates the checksum of the OTP registers and compares it with the pre-stored checksum in OTP40. Should a
checksum discrepancy be detected, the device maintains a Power-Off state and sets the OTP_CRC_EVT register at
0x11[5] to 1, serving as an error indication.
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18.9.8 Device Configuration Register CRC

If the ECU changes the registers for reconfiguring new settings, the CRC controller performs a CRC to verify the
integrity of the related registers. If a checksum error is detected, the device remains the current settings without any
re-configuration. The CRC controller uses the standard CRC-8 polynomial to calculate the checksum value, which is
X8 + X2 + X+1. The CRC controller checks the CRC of the registers in an 8-bit string.

Table 5. Protection List

Deglitch
Channel Type 'I'(I_'Il_resi::II)d Time Channel Behavior Reset (a.Pd i'l;l;:)eshold
yp (Typical) yp
All channels stay Refer to Table 3.
BIST NA NA disabled (Fail-Safe state)
Base All ch Is st
OTP CRC NA NA ' channels stay VIN< 2.5V or EN = L
disabled
VIN< 4.3V
: VIN > 5V
UVLO (afterIIC 32us Disable all channels (TOP_CFG [4:3] = 2’b00)
operation)
OVP VIN > 25.5V 5us Disable all channels | VIN < 19.5V, Auto-recovery
OTW T) > 130°C 5us Keep a_lll channels in Refer to Table 3.
System operation (Alarm state)
TSD Ts>170°C 5us Disable all channels Ty < 150°C, Auto-recovery
ERROUT ERROUT open- NA Keep all channels in Refer to Table 3.
drain logic error operation (Alarm state)
12C CRC NA NA Keep all channels in NA
operation
:"O(’:‘r?;[]‘r‘]]efs?r’] keep If OXOF[4] = 0, refer to
. Table 3. (Alarm state)
VoUT_HV1 < operation
UVP = o 50us
VouT_Hv1 x 80% If OXOF[4] = 1, _
disable all channels If OxOF[4] = 1, refer to
and latch off Table 3. (Fail-Safe state)
X0 = 0, keep If 0x10[4] = 0, refer to
VouT_Hv1 > operati Table 3. (Alarm state)
CH1 peration
OVP VOUT_HV1 X 50us ~
rvBue 10% gig;(gl(t)a[i]ll_c;énnels If 0x10[4] =1, refer to
and latch off Table 3. (Fail-Safe state)
Cycle-by-cycle
detection
If the condition
OCP IL1_peak > 2.5A 1ms persists for 1ms, all I(lee;ﬁ_rstgfl—a;ft:’)'
channels will be
disabled, and the
device will latch off
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Deglitch
Channel Type 'I'(I_'Il_res;:::)d Time Channel Behavior Reset (a.Pd i'l;l;:;ashold
yp (Typical) yp
:”0;?;2‘:’]];8?;‘ keep If 0XOF[3] = 0, refer to
. Table 3. (Alarm state)
Vout Lv2 < operation -
UVP - 0 50us
VouT_Lv2 x 95% If OXOF[3] = 1, _
disable all channels If OXOF[3] =1, refer to
Table 3. (Fail-Safe state)
and latch off
:f;‘;gﬁ;soihkeep If 0x10[3] = O, refer to
VOuT Lv2 > operation Table 3. (Alarm state)
OVP VouT_Lv2 x 50us —
o2 105% giggglct)a[?;]ll_c;énnels If 0x10[3] = 1, refer to
LVBuck2 Table 3. (Fail-Safe state)
and latch off
Cycle-by-cycle
detection
If the condition
OCP IL2_peak > 2.5A Tms persists for 1ms, all I(lee;ﬁ_rstzf%:ts)'
channels will be
disabled, and the
device will latch off
Input VIN_Lv2 > 5.8V 5us Disable all channels VIN_Lv2 < 5.2V, Auto-
OVP recovery
gnoéggﬁlefs?r’] keep If 0XOF[2] = 0, refer to
. Table 3. (Alarm state)
VouT Lv3 < operation
UVP - 0 50us
VOouT_Lv3 x 95% If OXOF[2] = 1, _
disable all channels If 0xOF[2] = 1, refer to
and latch off Table 3. (Fail-Safe state)
:J’(’)‘;gﬁzn];ﬁ’nkeep If 0x10[2] = 0, refer to
VOUT Lv3 > . Table 3. (Alarm state)
- operation
OVP VouT_Lv3 X 50us —
oo 105% Ic;cis(,);l(;)I(t)a[za]lI_cf117amnels If 0x10[2] = 1, refer to
LVBuck3 Table 3. (Fail-Safe state)
and latch off
Cycle-by-cycle
detection
If the condition
OCP IL3 peak > 2.5A 1ms persists for 1ms, all I(lee;ﬁ_rst:fl—a;ft;'
channels will be
disabled, and the
device will latch off
Input . VIN_LV3 £ 5.22V,
OVP VIN_LV3 > 5.8V Sus Disable all channels Auto-recovery
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Deglitch
Channel Type 'I'(I_'Il_res;:::)d Time Channel Behavior Reset (a.Pd i'l;l;:;ashold
yp (Typical) yp
:If)éggr[]l]elzs?r’] keep If OXOF[1] = 0, refer to
VouT Lbo1 < operation Table 3. (Alarm state)
UVP VOUT_LDO1 X 50us i OXOFT1 = 1
95% dismblo ol channels It OxOF[1] = 1, refer to
Table 3. (Fail-Safe state)
and latch off
cha allohannels i+ | 110x10[1] =0, efer to
LDO1 VouT LDo1 > operation Table 3. (Alarm state)
OVP VOuT_LDO1 X 50us i 01011 = 1
105% disable a1l channels It OxT0[1] = 1, refer to
Table 3. (Fail-Safe state)
and latch off
OCP louT LDO1 > 1ms Disable all channels Refer to Table 3.
450mA and latch off (Fail-Safe state)
Input ; VIN_LDO1 £ 5.3V,
OVP VIN_LDO1 2 5.8V 5us Disable all channels Auto-recovery
gllc’(’;‘r?;[]?]]efs?r’] keep If OXOF[0] = 0, refer to
VOUT LDO2 < . Table 3. (Alarm state)
— operation
UVP VOuT_LDO2 X 50us £ OXOFIO = 1
95% dis;(ble[a]ll_chénnels If 0xOF[0] =1, refer to
and latch off Table 3. (Fail-Safe state)
Z.f’ﬁﬂ;’ﬁ?,]efﬁgkeep If 0x10[0] = O, refer to
CHS VOUT LDO2 > f Table 3. (Alarm state)
LDO2 operation
OVP VOUuT_LDO2 X 50us £ Ox 10101 = 1
105% disable all hannels It 0x10[0] =1, refer to
and latch off Table 3. (Fail-Safe state)
oCP louT_LDO2 > 1ms Disable all channels Refer to Table 3.
600mA and latch off (Fail-Safe state)
Input . VIN_LDO2 < 5.3V,
OVP VIN_LDO2 > 5.8V Sus Disable all channels Auto-recovery
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Table 6. Fault Status and Event Log

Copyright © 2024 Richtek Technology Corporation. All rights reserved.

Channel Type PGOOD ERROUT Event
BIST L L BIST_FAULT_EVT (0x11[6] = 1)
Base OTP CRC L L OTP_CRC_EVT (0x11[5] = 1)
UvLO L L NA
OVP L L VIN_OV_EVT (0x11[2] = 1)
OTW H L TWARN_EVT (0x11[4] = 1)
TSD L L TSD_EVT (0x11[3] = 1)
! ] WDTERR keaps H, but it folows
System (OxAD[] =1) the pull-up voltage ’state
WDT Fault WDT_FAULT_EVT (0x12[7] = 1),
H L WDT!ERR goes Iqw for 190us
(OxAD[1] = 0) duration time, then it goes back to
H state
ERROUT H H ERRO(BJL—Z/?(';]A:Rx—EVT
1°C CRC H H NA
H
UVP (0x0F[L4] =0) L HvigﬁggﬂuzvﬂEVT
(OxOF[4] = 1)
CH1 H
HVBuck1 ovP (0x10[4] = 0) L HVBUCK1_OV_EVT
L (0x14[4] = 1)
(0x10[4] = 1)
ocp L L HVB(BJ)((31K51[Z]O=C1_)EVT
H
UVP (0x0F[L3] =0) L LVB(L£1K32[§]U=V1_)EVT
(0xOF[3] = 1)
CH2 !
LVBuck2 OVP (OX1O[L3] -0 L LVB(LC’)SﬁZ[g]o:VT)EVT
(0x10[3] = 1)
oc 1 1 LVBUCK2 OC_EVT
Input OVP L L PVD23 OV_EVT (0x11[1] = 1)
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Channel Type PGOOD ERROUT Event
H
(0xOF[2] = 0) LVBUCK3_UV_EVT
uvp L L (0x13[2] = 1)
(0XOF[2] = 1)
CH3 "
(0x10[2] = 0) LVBUCK3 OV_EVT
LVBuck3 OVP - L o143 = )
(0x10[2] = 1)
LVBUCK3_OC_EVT
ocP L L (0x15[2] = 1)
Input OVP L L PVD23_OV_EVT (0x11[1] = 1)
H
(0XOF[1] = 0)
UVP - L LDO1_UV_EVT (0x13[1] = 1)
(OXOF[1] = 1)
O © 10H] 0)
X =
LDO1 OVP - L LDO1_OV_EVT (0x14[1] = 1)
(0x10[1] = 1)
ocP L L LDO1_OC_EVT (0x15[1] = 1)
Input OVP L L PVD45_OV_EVT (0x11[0] = 1)
H
(0XOF[0] = 0)
UVP : L LDO2_UV_EVT (0x13[0] = 1)
(OXOF[0] = 1)
CHo 0 10|-(|) 0
X =
LDO2 OVP ( E_] ) L LDO2_OV_EVT (0x14[0] = 1)
(0x10[0] = 1)
ocP L L LDO2_OC_EVT (0x15[0] = 1)
Input OVP L L PVD45_OV_EVT (0x11[0] = 1)

18.10 Inductor Selection

18.10.1 HVBuck1, LVBuck2 and LVBuck3

Referring to the equations below, the maximum inductor current can be calculated for different load applications. The
inductor saturation current should be rated higher than the calculated value. To achieve good performance and
efficiency in the application, it is suggested to select an inductor with low DCR. The recommended nominal
inductance is 1.5uH for HVBuckl1 and 1uH for LVBuck2/LVBuck3.

_ Vour * (Vin - Vour)

Al Vin % few % L

I peak = lout + 5% Al

where AlL is the change in current through the output inductor.
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18.11 Input and Output Capacitor Selection

18.11.1 HVBuck1, LVBuck2, and LVBuck3

It is recommended to use at least a 4.7uF input capacitor and a 10uF output capacitor for step-down converters. The
ripple voltage is an important index for choosing output capacitor. This portion consists of two parts. One is the
product of the ripple current and the ESR of the output capacitor, while the other part is formed by the charging and
discharging process of the output capacitor. The output ripple can be calculated as follows.

Al

AV, ipple = AVEsR + AVoytr =AVesr + g—<——5—
OUTRipple ESR ouT ESR ™ 8'x Cour % faw

where AVEgg = lc ms X Rc esr

When utilizing HVBuck1 as a standalone output in applications with an input voltage above 16V, it is recommended
to add an output capacitor with a value exceeding 6.8uF to ensure optimal performance.

18.11.2 LDO1 and LDO2

Like any low dropout regulator, the external capacitor for the RTQ2080-QF must be selected carefully for regulator
stability and performance. Using a 2.2uF capacitor for the LDO’s input and output is suitable. Additional capacitors
paralleled on the output may provide better noise suppression but could lead to higher input inrush current when
LDO outputs. This should be considered carefully.

18.12 Thermal Considerations

The junction temperature should never exceed the absolute maximum junction temperature TJMAX), listed under
Absolute Maximum Ratings, to avoid permanent damage to the device. The maximum allowable power dissipation
depends on the thermal resistance of the IC package, the PCB layout, the rate of surrounding airflow, and the
difference between the junction and ambient temperatures. The maximum power dissipation can be calculated using
the following formula:

Pbmax) = (TI(MAX) — TA) / BaA

where TJMAX) is the maximum junction temperature, TA is the ambient temperature, and 6JA is the junction-to-
ambient thermal resistance.

For continuous operation, the maximum operating junction temperature indicated under Recommended Operating
Conditions is 125°C. The junction-to-ambient thermal resistance, 84, is highly package dependent. For WET-WQFN-
24AL 4x4 package, the thermal resistance, 8Ja, is 37°C/W on a standard JEDEC 51-7 high effective-thermal-
conductivity four-layer test board. The maximum power dissipation at Ta = 25°C can be calculated by the following
formula:

Pbmax) = (125°C - 25°C) / (37°C/W) = 2.7W for a WET-WQFN-24AL 4x4 package.

The maximum power dissipation depends on the operating ambient temperature for the fixed TJimax) and the thermal
resistance, 6JA. The derating curve in Figure 16 allows the designer to see the effect of rising ambient temperature
on the maximum power dissipation.
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Figure 16. Derating Curve of Maximum Power Dissipation

18.13 Layout Considerations

Optimizing the PCB layout is essential for sustaining the RTQ2080-QF's superior performance. Special attention is
required for the routing of high current paths and the management of fast switching nodes to maintain the IC's
performance. A poor layout can lead to a host of challenges, such as degraded regulation, voltage shifts, instability,
poor EMI characteristics, and diminished efficiency.

To maximize the RTQ2080-QF's performance, adhere to the following PCB layout guidelines:

o Keep the trace from the switching node to the inductor as short as possible to decrease the switching loop size.

e Locate the input and output capacitors very close to their respective pins for improved filtering effectiveness.

o Ensure that the main power traces are wide and short, optimizing their ability to carry current efficiently.

e Connect the step-down converter's output capacitor directly to the feedback network to mitigate voltage
fluctuations due to the PCB trace's parasitic capacitance and inductance.

e Ensure a solid connection between AGND and PGND to a substantial ground plane, which will assist in effective

thermal cooling.
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Figure 17. PCB Layout Guide

Note 9. The information provided in this section is for reference only. The customer is solely responsible for designing, validating,
and testing any applications incorporating Richtek’s product(s). The customer is also responsible for applicable standards

and any safety, security, or other requirements.
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19 Functional Register Description

2

19.1 I°C Interface

19.1.1 Slave Address
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 = LSB
1 1 1 0 1 0 1 R/W

19.1.2 Read and Write Function

Read a single byte of data from Register

Slave Address Register Address Slave Address M?B Data L%B M?B CRC L?B
sLLT T T T Tofal [TTTTl T la[sf [T TT[efalTTTTTTTIaA[TTTTTT[[A[P]
le_f Assume Address =m Datafor Address =m Checksum for Register Address,

Slave Address(Read) and Data

Read N bytes of data from Registers

Slave Address Register Address Slave Address MSB Datal LSB MSB CRC1 LSB
LT T T[T Jofal [TTTTl Ta[s] [TT [T IefafTTTTTTTIAITTTITTT T [aF—
le_f Assume Address =m Data for Address =m Checksum for Register Address,
Slave Address(Read) and Data 1
MfB Data 2 L%B MSB CRC 2 LSB MEB DataN L%B M*SB CRCN LSB
— L L [T T T T TIalTTTITT [ [a]ee CITTTTTTPIATTETT [T T IA][P]
Datafor Address=m + 1 Checksum for Register Address, Datafor Address=m+N - 1 Checksum for Register Address,
Slave Address(Read), Data 1, Slave Address(Read), Data 1~ N-1,
CRC 1 and Data 2 CRC 1~ N-1 and Data N

Write a single byte of data to Register
Slave Address Register Address MSB Data LSB MSB CRC LSB

¥ ¥
LTI T TP fofal TTTTTTTIa[[TTITTTTalTTTIT1]T[alr]

RIW Assume Address = m Data for Address =m Checksum for Slave Address,
Register Address and Data

Write N bytes of data to Registers

Slave Address Register Address MSB Datal LSB MSB CRC1 LSB

LT T T T T Jofaf TTTTTTTIAlTTTIITTIIAlTTITTTT][A

R/W—f Assume Address =m Data for Address =m Checksum for Slave Address,

Register Address and Data 1
MSB Data2 L%B MfB CRC 2 LSB MSB DataN LSB MSB CRCN LSB
\—MIIIIIIIAIIIIIIIIIAI ---------------- LITTITTTIAI LTI LT [alr]
Datafor Address=m + 1 Checksum for Slave Address, Datafor Address=m+N -1  Checksumfor Slave Address,
Register Address, Data 1, CRC 1 Register Address, Data 1~ N-1,
and Data 2 CRC 1~ N-1 and Data N

D Driven by Master, D Driven by Slave, E‘ Stop, Start, Repeat Start

19.1.3  I2C Waveform Information

SPA / >< >< \L / X A\
tLow _ i IBUF i
tr T [+ e > tsu;paT —H [+ tF — |<— tHD;STA “tsp > >
.‘_
SCL
—> ! 4= typ;sTA tsu;sTA <« tsu;sTo —
s St P S
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19.2  I2C Register Table
R: Read Only
R/W: Read and Write

W1C: Write Clear (Write ‘1’ then it automatic clears to ‘0’ after procedure finishes.)

Table 7.
Address Register| ) o intion| Bt 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit 0
Name |Address
. UVLO_ |REBOOT| SEQ_
ToP Meaning |Reserved|Reserved | Reserved UVLO DEG ACT CTRL
cFG | 0 | pefautt 0 0 0 1 0 0 0 1
Read/Write | R/W R/W R/W R/W | RIW R/W R/W R/W
VIN UVLO (Falling/Rising) voltage setting
UVLO 00: 3.3Vv/3.8V
(CFG_LOCK) 01: 3.8v/4.5V
- 10: 4.3V/5.0V (default)
11: 6.8V/7.3V
UVLO falling deglitch time setting
UVLO_DEG
(CFG_LOCK) 0: 32us (default)
- 1: 64pus
IC auto-reboot behavior selection when the PMIC is in latch-off
REBOOT_ACT
(CFG_LOCK) 0: Auto-reboot is disabled (default)
- 1: Auto-reboot is enabled (register keep)
Sequence ON and OFF control
SEQ_CTRL 0: Sequence OFF
1: Sequence ON (default)
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Table 8.

Address [Register

Name |Address Description| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

BUCK_ |HVBUCK |LVBUCK|LVBUCK| LDO1_ | LDO2
MODE 1 _DIS 2 DIS | 3 DIS DIS DIS
CH — — —
py 0x01

CFG Default 0 1 1 0 0 0 0 0
Read/Write | R/W R/wW R/wW R/W R/wW R/W R/W R/wW

Time interval from the last channel soft-start completion to the PGOOD

Meaning PGOOD_DLY

announcement
PGOOD_DLY 00: 4.9ms
(CFG_LOCK) 01: 9.7ms (default)
10: 14.6ms
11: 19.4ms
LVBuck2 and LVBuck3 operation mode
BUCK_MODE
(CFG_LOCK) 0: PSM
1: FPWM (default)
HVBuck1 active output discharge
HVBUCK1_DIS
(CFG_LOCK) 0: Enable (default)
- 1: Disable
LVBuck?2 active output discharge
LVBUCK2_DIS
(CFG_LOCK) 0: Enable (default)
- 1: Disable
LVBuck3 active output discharge
LVBUCK3_DIS
(CFG_LOCK) 0: Enable (default)
- 1: Disable
LDO1 active output discharge
LDO1_DIS
(CFG LOCK) 0: Enable (default)
- 1: Disable
LDO2 active output discharge
LDO2_DIS
(CFG_LOCK) 0: Enable (default)

1: Disable
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Table 9.

Address
Name

Register

Address Description

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2

Bit 1

Bit0

SEQ_ Meaning

Reserved

ON_Td OFF_Td

POWER_ON_SEQ

ON_ 0x02 Default

0 0 0 1 0 1

1

0

CFG Read/Write

R/W R/W R/W R/W R/W R/W

R/W

R/W

Delay time between power-on channel and its next channel

ON_Td
(CFG_LOCK)

00: Oms (default)
01: 0.5ms

10: 1ms

11: 2ms

Delay time between power-off channel and its next channel

OFF_Td
(CFG_LOCK)

00: 1ms

01: 1.5ms

10: 2ms (default)
11: 3ms

Power-on sequence setting

POWER_ON_SEQ
(CFG_LOCK)

000: SEQO
001: SEQ1
010: SEQ2
011: SEQ3
100: SEQ4
101: SEQ5
110: SEQ6 (default)
111: SEQ7

Table 10.

Address
Name

Register

Address Description

Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2

Bit 1

Bit0

HVBUC Meaning

Reserved | Reserved | Reserved | Reserved

HVBUCK1_VOUT

K1_OU | 0x03 Default

0 0 0 0 1 1

1

1

T_CFG Read/Write

R/W R/W R/W R/W R/W R/W

R/W

R/W

HVBUCK1_VOUT
(CFG_LOCK)

HVBuck1 output voltage can be set from 2.7V to 4V (100mV/step), 4.5V and 5.0V.

0000
0001
0010
0011
0100

:2.7V
1 2.8V

1 2.9V

£ 3.0V

:3.1V

0101: 3.2V

0110: 3.3V

0111: 3.4V

1000: 3.5V

1001: 3.6V

1010: 3.7V

1011: 3.8V

1100: 3.9V

1101: 4.0V

1110: 4.5V

1111: 5.0V (default)
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Table 11.
Address Register| o iotion|  Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name |Address
LVBUC Meaning |Reserved | Reserved | Reserved LVBUCK2_VOUT
K2_OU | 0x04 | Default 0 0 0 1 0 0 0 1
T_CFG Read/Write | R/W R/W RW | RW | RW | RW | RW | RW

LVBUCK2_VOUT
(CFG_LOCK)

LVBuck2 output voltage can be set from 0.6V to 1.4V (50mV/step) and 1.4V to

1.9V (100mV/step).

00000:
00001:
00010:
00011:
00100:
00101:
00110:

0.60V
0.65V
0.70v
0.75V
0.80v
0.85V
0.90v

00111: 0.95V

01000:
01001:
01010:
01011:
01100:
01101:
01110:

1.00V
1.05V
1.10V
1.15V
1.20V
1.25V
1.30V

01111: 1.35V

10000:
10001:
10010:
10011:
10100:
10101:
10110:
10111:
11000:
11001:
11010:
11011:
11100:
11101:
11110:

1.40V

1.50V (default)

1.60V
1.70V
1.80V
1.90V
1.90V
1.90V
1.90V
1.90V
1.90V
1.90V
1.90V
1.90V
1.90V

11111: 1.90V
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Table 12.

Address [Register

Name |Address Description| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

LVBUC Meaning |Reserved | Reserved | Reserved LVBUCK3_VOUT
K3_OU | 0x05 | Default 0 0 0 0 1 0 1 0
T_CFG Read/Write | R/W RIW RW | RW | RW | RW | RW | RW

LVBuck3 output voltage can be set from 0.6V to 1.4V (50mV/step) and 1.4V to
1.9V (100mV/step).

00000: 0.60V
00001: 0.65V
00010: 0.70V
00011: 0.75V
00100: 0.80V
00101: 0.85V
00110: 0.90V
00111: 0.95V
01000: 1.00V
01001: 1.05V
01010: 1.10V (default)
01011: 1.15V
01100: 1.20V

01101: 1.25V
LVBUCK3_VOUT 01110: 1.30V

(CFG_LOCK) 01111: 1.35V

10000: 1.40V
10001: 1.50V
10010: 1.60V
10011: 1.70V
10100: 1.80V
10101: 1.90V
10110: 1.90V
10111: 1.90V
11000: 1.90V
11001: 1.90V
11010: 1.90V
11011: 1.90V
11100: 1.90V
11101: 1.90V
11110: 1.90V
11111: 1.90V
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Table 13.
Address Register| o iotion|  Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name |Address
LDO1 Meaning |Reserved| LDO1 IOUT_OC_SS LDO1_VOUT
OUT_ | 0x06 | Default 0 1 1 1 0 1 1
CFG Read/Write | R/W R R RIW RW | RW | RW
LDO1 output current limit at soft-start duration
00: 450mA
LDO1_IOUT_OC_SS 01: 450mA
10: 50mA

11: 150mA (default)

LDO1_VOUT
(CFG_LOCK)

LDO1 output voltage can be set from 1.8V to 1.9V (50mV/step) and 2.5V to 3.5V

(50mV/step).

00000: 1.80V
00001: 1.85V
00010: 1.90V
00011: 2.50V
00100: 2.55V
00101: 2.60V
00110: 2.65V
00111: 2.70V
01000: 2.75V
01001: 2.80V
01010: 2.85V
01011: 2.90V
01100: 2.95V
01101: 3.00V
01110: 3.05V
01111: 3.10V
10000: 3.15V
10001: 3.20V
10010: 3.25V
10011: 3.30V (default)
10100: 3.35V
10101: 3.40V
10110: 3.45V
10111: 3.50V
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Table 14.

Address
Name

Register
Address

Description

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

LDO2_
OouT_
CFG

0x07

Meaning

Reserved

Reserved

Reserved

Reserved

LDO2_

VOUT

Default

0

0

0

1

1

1

1

Read/Write

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

LDO2_VOUT
(CFG_LOCK)

LDO2 output voltage can be set from 1.8V to 3.3V(100mV/step).

0000: 1.8V
0001: 1.9V
0010: 2.0V
0011: 2.1V
0100: 2.2V
0101: 2.3V
0110: 2.4V
0111: 2.5V
1000: 2.6V
1001: 2.7V
1010: 2.8V
1011: 2.9V
1100: 3.0V
1101: 3.1V
1110: 3.2V

1111: 3.3V (default)
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Table 15.
Aﬂg:::s igﬂ'rzt:s’ Description| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
CcH Meaning | HVBUCK1 UV | LVBUCK2 UV LVBUCK3_UV LDO1_UV
UVPT_ 0x08 Default 1 1 0 1 0 1 0 1
CFG Read/Write | RW | RW | RW | RW | RW | RW | RW | RW
HVBuck1 UV detection threshold with respect to target voltage
HVBUCK1_UV 00: 95%
(CFG_LOCK) 01:90%
10: 85%
11: 80% (default)
LVBuck2 UV detection threshold with respect to target voltage
LVBUCK2_UV 00: 96.5%
(CFG_LOCK) 01: 95% (default)
- 10: 94%
11: 90%
LVBuck3 UV detection threshold with respect to target voltage
LVBUCK3_UV 00: 96.5%
(CFG_LOCK) 01: 95% (default)
- 10: 94%
11: 90%
LDO1 UV detection threshold with respect to target voltage
LDO1 UV 00: 96.5%
(CFG L_OCK) 01: 95% (default)
- 10: 94%
11: 90%
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Table 16.
Address |Register| ) ition|  Bit 7 Bit6 | Bit5 | Bit4 | Bit3 Bit2 | Bit1 | Bit0
Name |Address
CH Meaning | Reserved | Reserved LDO2_ UV HVBUCK1_UV_DEG| LVCH_UV_DEG
UVPE_ 0x09 Default 0 0 0 1 0 1 0 1
CFG Read/Write | R/W RW | RW | RW | RW RW | RW | RW
LDO2 UV detection threshold with respect to target voltage
LDO2 UV 00: 96.5%
(CFG L_OCK) 01: 95% (default)
- 10: 94%
11: 90%
HVBuck1 UV detection deglitch time selection
HVBUCK1_UV_DEG 00: Reserved
(CFG_LOCK) 01: 50us (default)
- 10: 75us
11: 100ps
LVBuck2, LVBuck3, LDO1and LDO2 UV detection deglitch time selection
LVCH UV DEG 00: Reserved
(CFG_ LO_CK) 01: 50us (default)
- 10: 75us
11: 100ps
Table 17.

Address [Register
Name |Address

Description| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

CH Meaning | HVBUCK1 OV | LVBUCK2 OV LVBUCK3_OV LDO1_OV
OVP1_ | Ox0A | Default 0 1 0 1 0 1 0 1
CFG

Read/Write | R/W R/W R/W R/W R/W R/W R/W R/W
HVBuck1 OV detection threshold with respect to target voltage

HVBUCK1_OV 00: 105%
(CFG LOCK) 01: 110% (default)
- 10: 115%

11: 120%
LVBuck2 QV detection threshold with respect to target voltage

LVBUCK2 OV 00: 103.5%
(CFG_LOCK) 01: 105% (default)
h 10: 106%

11: 110%
LVBuck3 OV detection threshold with respect to target voltage

LVBUCK3 OV 00: 103.5%
(CFG_LOCK) 01: 105% (default)
- 10: 106%

11: 110%
LDO1 QV detection threshold with respect to target voltage

LDO1 OV 00: 103.5%
(CFG L_OCK) 01: 105% (default)
- 10: 106%
11: 110%
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Table 18.

Address [Register

Name |Address Description

Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit0

CH Meaning |Reserved | Reserved LDO2_ OV HVBUCK1_OV_DEG| LVCH_OV_DEG
OVP2_ | 0x0B Default 0 0 0 1 0 1 0 1

CFG Read/Write | R/W RW | RW | RW | RW RW | RW | RW

LDO2 OV detection threshold with respect to target voltage
LDO2 OV 00: 103.5%
(CFG L_OCK) 01: 105% (default)
- 10: 106%

11: 110%

HVBUCK1_OV_DEG

HVBuck1 OV detection deglitch time selection

00: Reserved

(CFG_LOCK) 01: 50us (default)
- 10: 75us
11: 100ps
LVBuck2, LVBuck3, LDO1 and LDO2 OV detection deglitch time selection
LVCH OV DEG 00: Reserved
(CFG_ LO_CK) 01: 50us (default)
- 10: 75us
11: 100us
Table 19.
Address \Register|, o iotion| Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name |Address
Meaning |Reserved|Reserved |Reserved| RESET RESET_| FAULT_ \PHASE_ SSP_EN
FUNCA ACT MASK EN
crG | PP | pefault 0 0 0 0 0 0 1 1
Read/Write | R/W R/W R/W R/W R/W R/W R/W R/W
SW reset and reset behavior follows 0xOD[3], RESET_ACT
RESET 0: None (default)
1: SW Reset
RESET triggered registers behavior selection
RESET_ACT
(CFG_LOCK) 0: Reset registers to default value except fault event registers (default)
- 1: Reset all registers to default value
All faults event mask
FAULT MASK
(CFG_LOCK) 0: Unmask (default)
- 1: Mask
Bucks' switching phase shift function
PHASE_EN -
(CFG_LOCK) 0: Disable
1: Enable (default)
Bucks' switching frequency spread spectrum function
SSP_EN - 97req yep P
(CFG_LOCK) 0: Disable
1: Enable (default)
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Table 20.

Address |Register

Name |Address Description| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Meaning Reserved KEEP_ Reserved
AWAKE
FUNC2 OXOE
_CFG X Default 0 0 0 0 0 1 1 1

Read/Write | R/W R/W R/W R/W R/W R/W R/W R/W
PMIC keeps awake

KEEP_AWAKE 0: PMIC does not keep awake (default)
1: PMIC keeps awake

Table 21.

Address [Register

Name |Address Description| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

HVBUC |LVBUCK|LVBUCK

Meaning |Reserved|Reserved |Reserved |[K1_UV_| 2 UV_ | 3 UV_ LDOT_ | LDO2_

PROTE UV_SD | UV_SD
C1_ | OxOF SD SD Sb
CFG Default 0 0 0 0 0 0 0 0
Read/Write | R/W RIW RW | RW | RW | RW | RW | RW

HVBuck1 undervoltage protection behavior selection
HVBUCK1_UV_SD
(CFG_LOCK) 0: Inform ECU only of fault events (default)

1: Channel latch-off and inform ECU of fault events

LVBuck2 undervoltage protection behavior selection
LVBUCK2_UV_SD
(CFG_LOCK) 0: Inform ECU only of fault events (default)

1: Channel latch-off and inform ECU of fault events

LVBuck3 undervoltage protection behavior selection
LVBUCK3_UV_SD
(CFG LOCK) 0: Inform ECU only of fault events (default)

1: Channel latch-off and inform ECU of fault events

LDO1 undervoltage protection behavior selection

LDO1_UV_SD
(CFG LOCK) 0: Inform ECU only of fault events (default)
- 1: Channel latch-off and inform ECU of fault events
LDO2 undervoltage protection behavior selection
LDO2_UV_SD
(CFG LOCK) 0: Inform ECU only of fault events (default)

1: Channel latch-off and inform ECU of fault events
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Table 22.

Address [Register

Name |Address Description| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Meanin Reserved|Reserved | Reserved KH1V BOUVC L;/ BOU\S:K L:\S/ BOU\/CK LDO1_ | LDO2_
PROTE 9 V= == | >~ |ov.sD|ov sD
SD SD SD
c2_ 0x10
CFG Default 0 0 0 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

HVBUCK1_OV_SD
(CFG_LOCK)

HVBuck1 overvoltage protection behavior selection

0: Inform ECU only of fault events
1: Channel latch-off and inform ECU of fault events (default)

LVBUCK2_OV_SD
(CFG_LOCK)

LVBuck?2 overvoltage protection behavior selection

0: Inform ECU only of fault events
1: Channel latch-off and inform ECU of fault events (default)

LVBUCK3_OV_SD

LVBuck3 overvoltage protection behavior selection

(CFG_LOCK) 0: Inform ECU only of fault events
- 1: Channel latch-off and inform ECU of fault events (default)
LDO1 overvoltage protection behavior selection
LDO1_OV_SD
(CFG_LOCK) 0: Inform ECU only of fault events
- 1: Channel latch-off and inform ECU of fault events (default)
LDO2 overvoltage protection behavior selection
LDO2_OV_SD
(CFG_LOCK) 0: Inform ECU only of fault events

1: Channel latch-off and inform ECU of fault events (default)
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Table 23.

Address [Register

Name |Address Description| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

BIST OTP
. = — |TWARN_| TSD_ |VIN_OV_| PVD23_|PVD45
Meaning |Reserved| FAULT | CRC_ - - e — —
BASE1 EVT EVT EVT EVT EVT |OV_EVT|OV_EVT
EVT 0x11
- Default 0 0 0 0 0 0 0 0

Read/Write | R/W W1C W1C W1C W1C W1C W1C W1C
BIST fault acknowledgement

BIST_FAULT_EVT 0: No faults detected, or faults masked (default)
1: Fault detected

Internal OTP CRC checking fault acknowledgement

OTP_CRC_EVT 0: No faults detected, or faults masked (default)
1: Fault detected

Thermal warning event acknowledgement

TWARN_EVT 0: No faults detected, or faults masked (default)
1: Fault detected

Thermal shutdown event acknowledgement

TSD_EVT 0: No faults detected, or faults masked (default)
1: Fault detected

VIN overvoltage threshold event acknowledgement

VIN_OV_EVT 0: No faults detected, or faults masked (default)
1: Fault detected

PVD23 overvoltage threshold event acknowledgement

PVD23_OV_EVT 0: No faults detected, or faults masked (default)
1: Fault detected

PVD45 overvoltage threshold event acknowledgement

PVD45_OV_EVT 0: No faults detected, or faults masked (default)
1: Fault detected

Table 24.

Address [Register

Name |Address Description Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

WDT_ |ERROUT

Meaning FAULT_ | _ALARM Reserved
BASE2 EVT EVT
EVT 0x12 =
- Default 0 0 0 0 0 0 0 0
Read/Write | W1C W1C R/W R/W W1C W1C W1C W1C
WDT fault event
WDT_FAULT_EVT 0: No faults detected, or faults masked (default)

1: Fault detected
ERROUT logic fault event

ERROUT_ALARM_EVT 0: No faults detected, or faults masked (default)
1: Fault detected
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Table 25.

Address [Register

Name |Address Description| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
HVBUC [LVBUCK|LVBUCK
Meaning |Reserved|Reserved |Reserved |[K1_UV_| 2 UV_ | 3 UV_ UL\I/D OE1V_T UL\I/D OE%/_T
CH_uv EVT EVT EVT - -
EVT 0x13
- Default 0 0 0 0 0 0 0 0
Read/Write | R/W R/W R/W w1C W1C W1C W1C W1C

HVBUCK1_UV_EVT

HVBuck1 undervoltage fault event

0: No faults detected, or faults masked (default)
1: Fault detected

LVBUCK2_UV_EVT

LVBuck2 undervoltage fault event

0: No faults detected, or faults masked (default)
1: Fault detected

LVBUCK3_UV_EVT

LVBuck3 undervoltage fault event

0: No faults detected, or faults masked (default)
1: Fault detected

LDO1 undervoltage fault event

LDO1_UV_EVT 0: No faults detected, or faults masked (default)
1: Fault detected
LDO2 undervoltage fault event

LDO2_UV_EVT

0: No faults detected, or faults masked (default)
1: Fault detected
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Table 26.
Address |Register|, o .oion|  Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name |Address
HVBUC |LVBUCK |LVBUCK

Meaning |Reserved |Reserved|Reserved|K1 OV _| 2 OV_ | 3 OV_ (;'\I/D OE1V_T (;'\I/D OE2V_T
CHOV | o . EVT | EVT | EVT — —
_EVT Default 0 0 0 0 0 0 0 0

Read/Write | R/W RIW RW | wic | wic | wic | wic | wic

HVBUCK1_OV_EVT

HVBuck1 overvoltage fault event

0: No faults detected, or faults masked (default)
1: Fault detected

LVBUCK2_OV_EVT

LVBuck2 overvoltage fault event

0: No faults detected, or faults masked (default)
1: Fault detected

LVBUCK3_OV_EVT

LVBuck3 overvoltage fault event

0: No faults detected, or faults masked (default)
1: Fault detected

LDO1 overvoltage fault event

LDO1_OV_EVT 0: No faults detected, or faults masked (default)
1: Fault detected
LDO2 overvoltage fault event

LDO2_OV_EVT

0: No faults detected, or faults masked (default)
1: Fault detected
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Table 27.
Address | Register |, o iotion| Bit7 Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name |Address
HVBUC |LVBUCK |[LVBUCK
Meaning |Reserved|Reserved |Reserved|K1 OC | 2 OC_| 3 OC_ OLICD OE1V_T OLICD OEZV_T
CH_OC EVT EVT EVT - -
EVT 0x15
- Default 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W W1C W1C W1C W1C W1C
HVBuck1 overcurrent fault event
HVBUCK1_OC_EVT 0: No faults detected, or faults masked (default)
1: Fault detected
LVBuck2 overcurrent fault event
LVBUCK2_OC_EVT 0: No faults detected, or faults masked (default)
1: Fault detected
LVBuck3 overcurrent fault event
LVBUCK3_OC_EVT 0: No faults detected, or faults masked (default)
1: Fault detected
LDO1 overcurrent fault event
LDO1_OC_EVT 0: No faults detected, or faults masked (default)
1: Fault detected
LDO2 overcurrent fault event
LDO2_OC_EVT 0: No faults detected, or faults masked (default)
1: Fault detected
Table 28.
Address Register| ) o intion| Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 | Bit1 | Bit0
Name |Address
Meaning |Reserved|Reserved |Reserved | Reserved |Reserved DEV_STATE
DEV_
STAT 0x16 Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R

Indicate the PMIC present state

001: Standby state
DEV_STATE 010: Power-On state
011: Active state
100: Alarm state
101: Fail-Safe state

000: Regulator-Off state or BIST state (default)
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Table 29.
Address Register|, o iotion| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0
Name |Address
oTP Meaning S(:Ticl:?_'l' (I:;?L_ SSSE C;S— Reserved | Reserved | Reserved | Reserved
crc 1| %18 | Default 0 0 0 1 0 0 0 0
Read/Write | R/W R R R/W R/W R/W R/W R/W
For OTP CRC value calculation, the calculated value is displayed at 0x19.
CRC_START 0: None (default)
1: Enable
OTP CRC comparison result
CRC_FAIL 0: None or CRC pass (default)
1: CRC fall
OTP CRC calculation process
CRC_DONE 0: None or calculating (default)
1: Calculation completed
OTP CRC function
CRC_EN 0: Disable
1: Enable (default)
Table 30.
Address Register|, o iotion| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0
Name |Address
Meaning OTP_CRC_RESULT
OTP_
CRC 2 0x19 Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R
OTP_CRC_RESULT OTP CRC calculation value
Table 31.
Address |Register|, . . tion| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0
Name |Address
™ Meaning TM_PASS_CODE1
PAS§_ 0x20 Default 0 0 0 0 0 0 0 0
CODET Read/Write | RW | RW | RW | RW | RW RIW RIW RIW

TM_PASS_CODE1

To enter guest mode, set 0x20 = 8'h69 and 0x21 = 8'h96 sequentially.
To leave guest mode, set 0x20 # 8'h69 or 0x21 # 8'h96.
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Table 32.

Address \Register|,  iotion| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0

Name |Address

™ Meaning TM_PASS CODE2

PASS_ | O0x21 Default 0 0 0 0 0 0 0 0
CODE2 Read/Write | RW | RW | RW | RW | Rw R/W R/W R/W

To enter guest mode, set 0x20 = 8'h69 and 0x21 = 8'h96 sequentially.
TM_PASS_CODE2 To leave guest mode, set 0x20 # 8'h69 or 0x21 # 8'h96.

Table 33.

Address |Register

Name |Address Description| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

WDT WDT_
Meaning EN~ | WDT_UPPER WDT LOWER | LOWER

0= | oxap _EN

Default 0 0 0 0 0 0 0 0
Read/Write | R/W R/W R/W R/W R/W R/W R/W R/W
Watchdog timer enable setting

WDT_EN 0: WDT_disable (default)
1: WDT_enable

WDT upper limit setting

00: 250ms (default)
WDT_UPPER 01: 62ms

10: 53ms
11: 53ms

WDT lower limit setting

00: 139ms (default)
WDT_LOWER 01: 35ms

10: 29ms
11: 29ms

WDT lower limit function enable

WDT_LOWER_EN 0: Disable lower limit (default)
1: Enable lower limit

WDT fault action

WDT_FAULT 0: Fault report only (default)
1: PMIC Reset

I°C kicking command

WDT_KICK 0: Writing 0 to not to kick the watchdog timer (default)
1: Writing 1 to kick the watchdog timer

WDT_ | WDT_
FAULT | KICK
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Table 34.

Address [Register

Name |Address Description

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

Meaning

UV_LVCH OV_LVCH UV_DEG_LVCH | OV_DEG_LVCH

OTP34 | OxE2 Default

0 1 0 1 0 1 0 1

Read/Write

R/W R/W R/W R/W R/W R/W R/W R/W

UV_LVCH

LVBuck2, LVBuck3, LDO1 and LDO2 UV detection threshold with respect to
target voltage

00: 96.5%

01: 95% (default)
10: 94%

11: 90%

OV_LVCH

LVBuck2, LVBuck3, LDO1 and LDO2 OV detection threshold with respect to
target voltage

00: 103.5%

01: 105% (default)
10: 106%

11: 110%

UV_DEG_LVCH

LVBuck2, LVBuck3, LDO1 and LDO2 UV detection deglitch time selection

00: Reserved

01: 50us (default)
10: 75ps

11: 100ps

OV_DEG_LVCH

LVBuck2, LVBuck3, LDO1 and LDO2 OV detection deglitch time selection

00: Reserved

01: 50us (default)
10: 75us

11: 100us

Copyright © 2024 Richtek Technology Corporation. All rights reserved. RICHTEK is a registered trademark of Richtek Technology Corporation.

www.richtek.com
70

DSQ2080-QF-00  August 2024



Table 35.
Address Register|, o ition| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0
Name |Address
. UVLO_|[CH OV_|CH_UV_
Meaning OV_HVCH UVLO DEG sD SD REBOOT
OTP35 | OXE3 | pefautt 0 1 1 0 0 1 0 0
Read/Write | R/W R/W R/W R/W R/W R/W R/W R/W
HVBuck1 OV detection threshold with respect to target voltage
00: 105%
OV_HVCH 01: 110% (default)
10: 115%
11: 120%
VIN UVLO (falling/rising) voltage setting
00: 3.3v/3.8V
UVLO 01: 3.8V/4.5V
10: 4.3V/5.0V (default)
11: 6.8V/7.3V
UVLO falling deglitch time setting
UVLO_DEG 0: 32us (default)
1: 64pus
HVBuck1, LVBuck2, LVBuck3, LDO1, and LDO2 overvoltage protection behavior
selection
CH_OV_SD
- 0: Inform ECU only of fault events
1: Channel latch-off and inform ECU of fault events (default)
HVBuck1, LVBuck2, LVBuck3, LDO1, and LDO2 undervoltage protection
behavior selection
CH_UV_SD
0: Inform ECU only of fault events (default)
1: Channel latch-off and inform ECU of fault events
IC auto-reboot behavior selection when the PMIC is latched off
REBOOT

0: Auto-reboot is disabled (default)
1: Auto-reboot is enabled (register keep)
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Table 36.
Address Register| ) o intion|  Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name |Address
. SEQ_
Meaning CTRL ON_Td OFF_Td POWER_ON_SEQ
OTP36 | OxE4 | petault 1 0 0 1 0 1 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Sequence on and off control
SEQ_CTRL 0: Sequence off
1: Sequence on (default)
Delay time between the power-on channel and its next channel
00: Oms (default)
ON_Td 01: 0.5ms
10: 1ms
11: 2ms
Delay time between the power-off channel and its next channel
00: 1ms
OFF_Td 01: 1.5ms
10: 2ms (default)
11: 3ms
Power-on sequence setting
000: SEQO
001: SEQ1
010: SEQ2
POWER_ON_SEQ 011: SEQ3
100: SEQ4
101: SEQ5
110: SEQ6 (default)
111: SEQ7
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Table 37.

Address
Name

Register
Address

Description

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit0

OTP37

OxE5

Meaning

HVBUCK

1_VOUT

LVBUCK

2 _VOUT

Default

1

1

1

1

1

0

1

1

Read/Write

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

HVBUCK1_VOUT

HVBuck1 output voltage can be set from 2.7V to 4V (100mV/step), 4.5V and 5.0V

0000: 2.7V
0001: 2.8V
0010: 2.9V
0011: 3.0V
0100: 3.1V
0101: 3.2V
0110: 3.3V
0111: 3.4V
1000: 3.5V
1001: 3.6V
1010: 3.7V
1011: 3.8V
1100: 3.9V
1101: 4.0V
1110: 4.5V

1111: 5.0V (default)

LVBUCK2_VOUT

LVBuck2 output voltage can be set from 0.9V to 1.4V (50mV/step) and 1.4V to

1.9V (100mV/step)

0000: 0.90V
0001: 0.95V
0010: 1.00V
0011: 1.05V
0100: 1.10V
0101: 1.15V
0110: 1.20V
0111: 1.25V
1000: 1.30V
1001: 1.35V
1010: 1.40V

1011: 1.50V (default)

1100: 1.60V
1101: 1.70V
1110: 1.80V
1111: 1.90V
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Table 38.
Aﬂ::ﬁ:s 233:::5’ Description| Bit7 | Bit6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Meaning LVBUCK3_VOUT LDO1_VOUT
OTP38 | OxE6 | Default 0 1 0 0 1 1 0 1
Read/Write | R/W RIW RW | RW | RW | RW | RW | RW

LVBUCK3_VOUT

LVBuck3 output voltage can be set from 0.9V to 1.4V (50mV/step) and 1.4V to

1.9V (100mV/step)

0000: 0.90V
0001: 0.95V
0010: 1.00V
0011: 1.05V

0100: 1.10V (default)

0101: 1.15V
0110: 1.20V
0111: 1.25V
1000: 1.30V
1001: 1.35V
1010: 1.40V
1011: 1.50V
1100: 1.60V
1101: 1.70V
1110: 1.80V
1111: 1.90V

LDO1_VOUT

LDO1 output voltage can be set from 1.8V and 2.7V to 3.4V (50mV/step)

0000: 1.80V
0001: 2.70V
0010: 2.75V
0011: 2.80V
0100: 2.85V
0101: 2.90V
0110: 2.95V
0111: 3.00V
1000: 3.05V
1001: 3.10V
1010: 3.15V
1011: 3.20V
1100: 3.25V

1101: 3.30V (default)

1110: 3.35V
1111: 3.40V
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Table 39.
Address Register| ) o intion|  Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name |Address
Meaning LDO2_VOUT Reserved ADR
OTP39 | OxE7 Default 1 1 1 1 0 1 1 0
Read/Write | R/W R/W R/W R/W R/W R/W R/W R/W
LDO2 output voltage can be set from 1.8V, 2.5V, 2.9V and 3.3V
00: 1.8V
LDO2_VOUT 01: 2.5V
10: 2.9V
11: 3.3V (default)
PMIC slave address
ADR 0: 75h (7bit) (default)
1: 76h (7bit)
Table 40.
Address Register| o iotion|  Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name |Address
Meaning |CRC_B7 | CRC_B6 | CRC_B5 [CRC_B4|CRC_B3|CRC_B2|CRC_B1|CRC_BO
OTP40 | OxE8 Default 1 0 0 1 1 0 1 0
Read/Write | R/W R/W R/W R/W R/W R/W R/W R/W
After changing settings of OTP34 to OTP40, write the register 0x18[7] = 1 to get
CRC_CODE the new CRC shown on the register 0x19 that calculated automatically by PMIC.
Fill the new CRC value into OTP40 to pass PMIC BIST.
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20 Outline Dimension

LT—= D2
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ﬂﬁﬁﬂﬁﬁﬁﬁj

:
L

L [F ELE Rl

U‘ ! DETAILA
A3 21 Pin#1 ID and Tie Bar Mark Options

Note : The configuration of the Pin #1 identifier is optional,
but must be located within the zone indicated.

Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 0.700 0.800 0.028 0.031
Al 0.000 0.050 0.000 0.002
A3 0.175 0.250 0.007 0.010
b 0.200 0.300 0.008 0.012
b1l 0.150 0.250 0.006 0.010
D 3.900 4.100 0.154 0.161
D2 2.650 2.750 0.104 0.108
E 3.900 4.100 0.154 0.161
E2 2.650 2.750 0.104 0.108
e 0.500 0.020
L 0.300 0.400 0.012 0.016
L1 0.330 0.430 0.013 0.017
0.050 0.150 0.002 0.006
S 0.001 0.090 0.000 0.004

WET W-Type 24AL QFN 4x4 Package
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21 Footprint Information

FPackage
outline

i

UL

Tolerance
(mm)

+0.050

0.40
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22 Packing Information

22.1 Tape and Reel Data
et P ] PIN1 / \
i \ / TN B
-. | / . \
/ olo olo o o\o o | LA =
I\ [ I III III \"\_ ry ,'I
) ‘ . “ ‘ B 1 \ ) a
Il ;l \ /
/ fi | L
N e
Feed Direction > W
arrier Tape
END Round Sprocket Holes START
o390 0003 20T 00 I 4D 0F A TP
- r r
b ni iy
: e e e 4
L,L,u I_J._w I_l__l L—L_.l .L Lr.L..a LLJ
Trailer Leader
~—160 mm minimum, ——==—Components —=~=——600 mm Minimum, —
Tape Size Pocket Pitch | Reel Size (A) Units Trailer | Leader | Reel Width (W2)
Package Type :
(W1) (mm) (P) (mm) (mm) | (in) | PerReel (mm) | (MM) | Min./Max. (mm)
QFNVOPN 12 8 180 | 7 | 1500 | 160 | 600 12.4/14.4
F P H
g C, D, and K are determined by component size.
R R R AR R R R R
{ The clearance between the components and
Wi T -~ ~ ~ ~ the cavity is as follows:
c o U 9 o O
‘ - For 12mm carrier tape: 0.5mm max.
P | |
g I3
W1 P B F aJ H
Tape Size
Max. Min. Max. Min. Max. Min. Max. Min. Max. Max.
12mm 12.3mm | 7.9mm | 8.1mm | 1.65mm | 1.85mm | 3.9mm | 4.1mm | 1.5mm | 1.6mm 0.6mm
RICHTEK 5, registered trademark of Richtek Technology Corporation.
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22.2 Tape and Reel Packing

Step Photo/Description Step Photo/Description
SR g ¢
R
LR
Reel 77 3 reels per inner box Box A
] AT
i RAVET 24k
‘é 4 i & |
1 NE W
R &
2 5 F; - — |
g ) ‘.‘ o = m;
i .. !
HIC & Desiccant (1 Unit) inside 12 inner boxes per outer box
3 6
Caution label is on backside of Al bag Outer box Carton A
Container Reel Box Carton
Package Size | Units Item Reels Units Item Boxes Unit
Box A 3 4,500 Carton A 12 54,000
QFN/DFN 4x4 77 11,500
Box E 1 1,500 For Combined or Partial Reel.
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22.3 Packing Material Anti-ESD Property

Su_rface Aluminum Bag Reel Cover tape | Carrier tape Tube Protection Band
Resistance
Q/cm? 104 to 10" 10to 10" | 10%to 10" | 10%to 10" | 10 to 10™" 104 to 1011

Richtek Technology Corporation

14F, No. 8, Tai Yuen 18t Street, Chupei City

Hsinchu, Taiwan, R.O.C.

Tel: (8863)5526789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot assume
responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate and reliable.

However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.
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23 Datasheet Revision History

Version Date Description

Item

00 2024/8/16 Final

Ordering Information on page 2

-Updated ordering information

Electrical Characteristics on page 8, 9, 11
-Modified the value of CH1_HVBuckl, CH2_LVBuck2, and
CH3_LVBuck3

Typical Operating Characteristics on page 22, 23
-Added Typical Operating Characteristics
Application Information on page 32, 33, 34, 35, 41
-Modified Table 4

-Modified Figure 2 to 7, 14, 15

-Added Figure 8
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