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¥ CYPRESS

Embedded in Tomorrow™

S6BP401A
Power Management IC

for Automotive ADAS Platform

Quad Buck 2.1 MHz DC/DC Converter and Dual LDO with Watchdog Timer
S6BP401A is a power management IC, consists of quad buck 2.1 MHz DC/DC converter with built-in switching FETs, dual Low
Drop-out regulator (LDOs) and a digital windowed watchdog timer. Having the switching FETs built-in, S6BP401A realizes high
power conversion efficiency and high switching frequency up to 2.4 MHz. The internal FETs are capable to handle up to 3Aload. As
S6BP401A employs the current mode architecture, it has fast load transient response. Built-in output voltage setting resistors and

compensation circuits reduce BOM cost and component area.

Features

B Quad Buck DC/DC Converter (DD1 to DD4)
oVIN Input Range: 4.5V to 5.5V
O Switching Frequency

Block Diagram

O External clock mode: 1.8 MHz to 2.4 MHz

O Internal clock mode: 2.0 MHz to 2.2 MHz

O Built-in Switching FETs up to 3A 5V —¥
O Built-in Output Voltage Setting Resistors

O Built-in Compensation Circuits

EDual LDO (LD1, LD2)
OVIN Input Voltage Range: 2.97V to 5.5V
O Built-in Output Voltage Setting resistors

B Power Good Monitor Output for each DC/DC Converters,
LDOs

W Built-in Windowed Watchdog Timer (WDT)
B Under Voltage Lockout (UVLO)

B Thermal Shutdown (TSD)

B Over Current Protection (OCP)

B QOver Voltage Protection (OVP)

B [ndependent Enabling for each DC/DC Converters and LDOs
B[ oad-independent Soft-Start

B Built-in Discharge Resistors

B Small 6 mm x 6 mm QFN-40 Package

BAEC-Q100 compliant (Grade-1)

Applications

B Automotive Applications
B Advanced Driver Assistance Systems (ADAS)
B Camera Systems such as Security Camera

M Industrial Applications

Cypress Semiconductor Corporation * 198 Champion Court « San Jose, CA 95134-1709
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S6BP401A : PMIC

DC/DC converter

Power Good

Watch Dog

—» 1.20V~1.575V / 2A
—» 1.00V~1.275V / 3A
—» 1.20V~2.575V / 2A
— 3.3V~3.4V /1A

— 3.3V~3.4V / 0.2A
—> 1.20V~2.875V / 0.5A
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More Information

Cypress provides a wealth of data at www.cypress.com/pmic to help you to select the right PMIC device for your design, and to help
you to quickly and effectively integrate the device into your design. Following is an abbreviated list for S6BP401A:

B Overview: Automotive PMIC Portfolio, Automotive PMIC W Evaluation Kit Operation Manual:

Roadmap 0 S6SBP401AM2SA1001: Power block for automotive
B Product Selector: ADAS platform

0 S6BP401A: 6¢h Automotive PMIC for ADAS M Related Products:
W Application Notes: Cypress offers S6BP401A application 0 S6BP201A, S6BP202A, S6BP203A:

notes. Recommended application notes for getting started 1ch Buck-Boost Automotive PMIC

with S6BP401A are: 0 S6BP501A, S6BP502A:

O0AN98649: How to Design a Power Management System 3ch Automotive PMIC for Instrument Cluster

O AN201006: Thermal Considerations and Parameters
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1. Typical Application
Figure 1-1 Typical Application
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2. Pin Configuration

Figure 2-1 Pin Configuration
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3. Pin Functions

Table 3-1 Pin Functions

S6BP401A

Funetional | pin Number | Pin Name | 10 Description P,iq':)tsggii:g \ihen
19 ENA1 | Enable input terminal of DD1. Ground
30 FB1 | Output voltage feedback terminal of DD1. Ground
DD1 33 PG1 O |Power good output terminal of DD1. Ground
29 PVCC1 - Power supply terminal of DD1. VCC
28 LX1 O |Inductor connect terminal of DD1. Leave pin open
27 PGND1 - Power ground terminal of DD1. Ground
18 EN2 I Enable input terminal of DD2. Ground
20 FB2 I Output voltage feedback terminal of DD2. Ground
DD2 31 PG2 O |Power good output terminal of DD2. Ground
21,22 PVCC2 - Power supply terminal of DD2. VCC
23,24 LX2 O |Inductor connect terminal of DD2. Leave pin open
25, 26 PGND2 - Power ground terminal of DD2. Ground
17 EN3 | Enable input terminal of DD3. Ground
9 FB3 | Output voltage feedback terminal of DD3. Ground
DD3 10 PG3 O |Power good output terminal of DD3. Ground
8 PVCC3 - Power supply terminal of DD3. VCC
7 LX3 O |Inductor connect terminal of DD3. Leave pin open
6 PGND3 - Power ground terminal of DDS3. Ground
16 EN4 | Enable input terminal of DD4. Ground
2 FB4 | Output voltage feedback terminal of DD4. Ground
DD4 1 PG4 O |Power good output terminal of DD4. Ground
3 PVCC4 - Power supply terminal of DD4. VCC
4 LX4 O |Inductor connect terminal of DD4. Leave pin open
5 PGND4 - Power ground terminal of DD4. Ground
15 ENL1 | Enable input terminal of LD1. Ground
LDA1 36 PVCCLA - Power supply terminal of LD1. VCC
35 LDO1 O  |Output terminal of LD1. Leave pin open
14 ENL2 | Enable input of LD2. Ground
LD2 40 PGL2 O |Power good output terminal of LD2. Ground
37 PVCCL2 - Power supply terminal of LD2. VCC
38 LDO2 O |Output terminal of LD2. Leave pin open
WDT 12 WDI | Trigger input terminal of WDT. Ground
13 RST O |Reset input terminal of WDT. Ground
SYNC 11 SYNC | External clock input terminal. Ground
- 34 VCC - Power supply terminal for analog controller. -
: 32 VREG | O | orload it tormingl extemaly -
- 39 GND - |Ground terminal for analog controller. -
- EP EP - Exposed pad. Connect to ground plane. -
) CP1, CP2, cP _|Corner pad for reinforcing attachment to a board. _
CP3, CP4 Connect to ground plane.
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4. Preset Output Voltage

Table 4-1 Preset Output Voltage (Buck DC/DC Converter)

S6BP401A

Channel

Preset Output

Soft-start Time

Maximum Output

Under Voltage

Over Voltage

Voltage [V] [ms] Current [mA] Threshold [%] Threshold [%]

1.200 1.200
1.225 1.225
1.250 1.250
1.275 1.275
1.300 1.300

DD1 1305 1325 2000 94.0 106.0
1.500 1.500
1.525 1.525
1.550 1.550
1.575 1.575
1.000 1.000
1.025 1.025
1.050 1.050
1.075 1.075
1.100 1.100
1.125 1.125

DD2 1150 1150 3000 94.0 106.0
1.175 1.175
1.200 1.200
1.225 1.225
1.250 1.250
1.275 1.275
1.200 1.200
1.225 1.225
1.250 1.250
1.275 1.275
1.500 1.500
1.525 1.525
1.550 1.550
1.575 1.575

DD3 1.800 1.800 2000 95.2 106.0
1.825 1.825
1.850 1.850
1.875 1.875
2.500 2.500
2.525 2.525
2.550 2.550
2.575 2.575
3.300 3.300
3.325 3.325

DD4 3.350 3.350 1000 95.5 106.0
3.375 3.375
3.400 3.400

Notes:

- Soft-start time values are at fosc = 2.1 MHz

—  Refer to Chapter 8 for the minimum or maximum values of output voltage, under voltage threshold and over voltage threshold.
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Table 4-2 Preset Output Voltage (LDO)

Channel Preset Output Soft-start Time Maximum Output Under Voltage Over Voltage
Voltage [V] [ms] Current [mA] Threshold [%] Threshold [%)]
3.300 3.300
3.325 3.325
LD1 3.350 3.350 200 94.0 106.0
3.375 3.375
3.400 3.400
1.200 1.200
1.225 1.225
1.250 1.250
1.275 1.275
1.800 1.800
LD2 1825 1,825 500 94.0 106.0
1.850 1.850
1.875 1.875
2.800 2.800
2.825 2.825
2.850 2.850
2.875 2.875

Notes:
- Soft-start time values are at fosc = 2.1 MHz

—  Refer to Chapter 8 for the minimum or maximum values of output voltage, under voltage threshold and over voltage threshold.
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5. Architecture Block Diagram

Figure 5-1 Architechture Block Diagram
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6. Absolute Maximum Ratings

Table 6-1 Absolute Maximum Ratings

Parameter Symbol Condition Min Rating Max Unit
chc VCC -0.3 +6.9 V
Power supply voltage Vpvee PVCC1, PVCC2, PVCC3, PVCC4 -0.3 +6.9 \
VPVCCL PVCCL1, PVCCL2 -0.3 +6.9 \Y
VEn EN1, EN2, EN3, EN4, ENL1, ENL2 -0.3 +6.9 \Y
VWD| WDI -0.3 +6.9 \Y
VSYNC SYNC -0.3 +6.9 Vv
Input voltage
VEs FB1, FB2, FB3, FB4 -0.3 +6.9 Vv
Vpa PG1, PG2, PG3, PG4, PGL2 -0.3 +6.9 Vv
VRST RST -0.3 +6.9 \Y
LX voltage Vix LX1, LX2, LX3, LX4 -0.3 +6.9 Vv
PVCC1 -VCC, PVCC2-VCC,
Vevooves | pyCCa-VCC, PVCC4-VCC 03 +0.3 v
v PGND1-GND, PGND2-GND, 0.3 +0.3 Vv
PGND-GND | pGND3-GND, PGND4-GND ) )
Voltage difference Vpvce-Lx E&gg;&é Exggi&i -0.3 +6.9 v
VCC-EN1, VCC-EN2, VCC-ENS,
v VCC-EN4, VCC-EN1L, VCC-EN2L, 03 +6.9 Vv
VECINPUT 1 vCC-WDI, VCC-SYNC, VCC-FB1, : '
VCC-FB2, VCC-FB3, VCC-FB4
s Ta <+ 25°C,
Power dissipation Po Thermal resistance (B44): 18°C /W (*1) ) 6940 mwW
Junction temperature Ty - -40 +150 °C
Storage temperature Tsra - -55 +150 °C

*1: When the IC is mounted on 76.2 mm x 114.3 mm four-layer epoxy board. IC is mounted on a four-layer epoxy board, which
terminal bias, and the IC’s thermal pad is connected to the epoxy board.

WARNING
1. Semiconductor devices may be permanently damaged by application of stress (including, without limitation, voltage, current or
temperature) in excess of absolute maximum ratings. Do not exceed any of these ratings.

Figure 6-1 Maximum Power Dissipation - Operating Ambient Temperature Characteristics
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7. Recommended Operating Conditions

Table 7-1 Recommended Operating Conditions

S6BP401A

. Value .
Parameter Symbol Condition Min Typ Max Unit
chc VCC +4.5 +5.0 +5.5 \Y
Power supply voltage Vpvce PVCC1, PVCC2, PVCC3, PVCC4 - Vvce - \
VpveeL PVCCL1, PVCCL2 +2.97 +5.0 Vvce Vv
VEN EN1, EN2, EN3, EN4, ENL1, ENL2 0 - Vvee \
Vwoi WDI 0 - Vvee Vv
Input voltage Ve SYNC 0 - Vyeo v
VEs FB1, FB2, FB3, FB4 0 - Vvee \
Vpg PG1, PG2, PG3, PG4, PGL2 0 - +5.5 Vv
VRST RST 0 - +5.5 \Y
Operating ambient Ta ) -40 +25 +125 oG
temperature
WARNING:

1. The recommended operating conditions are required in order to ensure the normal operation of the semiconductor device. All of

the device's electrical characteristics are warranted when the device is operated under these conditions.
Any use of semiconductor devices will be under their recommended operating condition.

3. Operation under any conditions other than these conditions may adversely affect reliability of device and could result in device

failure.

4. No warranty is made with respect to any use, operating conditions or combinations not represented on this data sheet. If you
are considering application under any conditions other than listed herein, please contact sales representatives beforehand.
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8. Electrical Characteristics

Vvce = Vevee = 5.0V, VpyceL = 5.0V, Ta = Ty = -40 to +125 °C, unless otherwise noted. Typical values are at Ta = +25 °C.

Table 8-1 Electrical Characteristics

o Value .

Parameter Symbol Condition Min Typ Max Unit

Supply Current
VCC PIN,
Shutdown current lvecs Vent = VEn2 = VEN3 = VENg = VENLY = - 1 10 HA
Venwe = 0V

UVLO: Under Voltage Lockout (VCC)
Threshold voltage Vuvior | Vvec falling, UVLO stop voltage 3.80 3.95 4.10 Vv
Hysteresis Vuvhys - 0.27 0.30 0.33 v
TSD: Thermal Shutdown
Shutdown temperature Trsp Temperature rising - 165 (*1) - °C
Hysteresis TtspHYs - - 10 (*1) - °C
Enable Inputs (EN1, EN2, EN3, EN4, ENL1, ENL2)
Input high voltage VIHEN - 2.0 - Vvce Vv
Input low voltage VIiLEN - 0 - 0.4 \
Input current linen Ven = 5.0V 33 50 100 HA
Pull down resistance Rppen - 50 100 150 kQ
Internal Linear Regulator Output (VREG)
Output voltage VvreG Vvce = 5.0V 1.74 1.80 1.86 Vv
g/lua'::,(lergtum output IlvrReG Vvce = 5.0V 5 - - mA
Over voltage lockout Vvrecovr | Vvreg rising, Power fail 1.86 1.92 1.98 \Y
threshold Vvrecove | Vvreg falling, Power good 1.81 1.87 1.93 V
Under voltage lockout Vvreauvr | Vvreg rising, Power good 1.67 1.73 1.79 \
threshold VVREGUVF VVREG falling, Power fail 1.62 1.68 1.74 \
Oscillator
Switching frequency | fosc | - | 20 | 241 | 22 | MHz
Synchronization Input (SYNC)
Input high voltage ViHsYNC - 2.0 - Vvee \
Input Low voltage ViLsyne - 0 - 0.4 )
Input current linsynG Ven = 5.0V 33 50 100 A
Pull down resistance Rppsync - 50 100 150 kQ
Input frequency fsyne - 1.8 2.1 2.4 MHz
Switching frequency fosc - - fsync - MHz
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. Value .
Parameter Symbol Condition Win Typ Miax Unit
Power Good Monitor (PG1, PG2, PGL2)
Over voltage Ratio of power fail threshold to Vour1, Vourte, o
threshold Vpcov Vouris rising 104.5 106.0 107.5 Yo
Over voltage
hysteresis Vrgovhys - 0.5 1.0 1.5 %
Under voltage Ratio of power fail threshold to Vour1, Vourte, o
threshold Veawv | vours falling 925 | 940 | 955 %
Under voltage
hysteresis Veauvhvs - 0.5 1.0 1.5 %
Leakage current lieakpe | Vpg = 5.0V - - 1 A
Output low voltage VoLrg lpg =3 mA - 0.15 0.30 \'
Propagation time Trra 5% outside of the threshold, Power fail - 4(M1) 8 (1) us
Power-on reset time Trea Power good 8 10 12 ms
Power Good Monitor (PG3)
Over voltage , . - o
threshold 9 Vpcov Ratio of power fail threshold to Vours rising 104.5 106.0 107.5 Yo
Over voltage ) °
hysteresis Vpeovhys 0.5 1.0 1.5 %
naer voltage Veewy | Ratio of power fail threshold to Vours falling |  93.7 95.2 96.7 %
Under voltage °
hysteresis Veauviys - 0.5 1.0 1.5 %
Leakage current leakpa | Vpe = 5.0V - - 1 pA
Output low voltage VoLra Ipg =3 mA - 0.15 0.30 \"
Propagation time Trra 5% outside of the threshold, Power fail - 4 (1) 8 (1) us
Power-on reset time Trea Power good 8 10 12 ms
Power Good Monitor (PG4)
Over voltage . . .
threshold 9 Vecov Ratio of power fail threshold to Voura rising 104.5 106.0 107.5 Y%
Over voltage °
hysteresis Vecovhvs - 0.5 1.0 1.5 %
Under voltage . . .
threshold 9 Vpguv Ratio of power fail threshold to Vours falling 94.0 95.5 97.0 %
Under voltage 0
hysteresis Veauvys - 0.5 1.0 1.5 %
Leakage current lieakee | Veg = 5.0V - - 1 uA
Output low voltage VoLra Irg =3 mA - 0.15 0.30 \"
Propagation time Tera 5% outside of the threshold, Power fail - 4 (*1) 8 (*1) Us
Power-on reset time Trra Power good 8 10 12 ms
Reset (RST)
g‘r’g;r‘]’;'éage Vesov | Ratio of power fail threshold to Vouris rising | 1045 | 106.0 | 107.5 %
Over voltage ) o
hysteresis VRsovrys 0.5 1.0 1.5 %
nder voltage Vaswy | Ratio of power fail threshold to Vour s falling | 92.5 94.0 95.5 %
Under voltage ) o
hysteresis VRsuvhys 0.5 1.0 1.5 %
Leakage current |LEAKRST VRST =5.0V - - 1 pA
OUtpUt low voltage VOLRST |pG =3 mA - 0.15 0.30 V
Propagation time TprsT 5% outside of the threshold, Power fail - 4 (1) 8 ("1) us
Power-on reset time Tro Power good 25.6 32.0 38.4 ms
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Parameter Symbol Condition Min Typ Miax Unit
Watchdog Timer (WDI)
pvatehdog sampling Tsam : 0.40 0.50 0.60 ms
ime
Ignore window time Tiw - 25.6 32.0 38.4 ms
Open window time Tow - 25.6 32.0 38.4 ms
Long open window Teow . 102.4 128.0 153.6 ms
Closed window time Tow - 25.6 32.0 38.4 ms
Window watchdog
trigger time Two - 38.4 48 51.2 ms
Input high voltage ViHwDi - 2.0 - Vvce V
Input low voltage Viiwoi - 0 - 0.4 \
Input current lihwD! Vwor = 5.0V 33 50 100 A
Pull down resistance Reowoi - 50 100 150 kQ
DD1: Buck DC/DC Converter
Output voltage Vvce = 5.0V, i o
accuracy Vouri lours = 10 MA 1.8 0 +1.8 A
: Vvee = Vpveet = 4.5 10 5.5V, Py .
DC regulation VREeat lours = 0 to 2.0A 15 (*1) 0 +5 (*1) mV
FB1 input resistance Rrs1 VEgi1 = 2.0V 95 190 285 kQ
Switching FET RonHs1 lix1 = 20 mA (PVCC1 to LX1) - 100 190 mQ
ON resistance Rontsi lixy = -20 mA (LX1 to PGND1) - 65 125 mQ
Switching FET _ i
leakage current lLexs lpvoct = 5.0V 1 10 WA
Maximum output *
i P lourr | L=1.5pH 2 (1) - - A
LX1 peak current limit ILimiT1 L=15uH 2.5 (") - - A
Over voltage Vour1 rising, Switching termination o
protection threshold Vover | threshold 125.0 1300 135.0 &
Over voltage o
protection hysteresis Voveryst i 2.0 5.0 8.0 7o
FBj discharge Roist _ 160 400 640 Q
resistance
ggétf—ﬁsct%rrt“t ime Tcoesst | Tsst = Vouti X TcoEsst 0.9 1.0 1.1 ms/V
DD2: Buck DC/DC Converter
Output voltage Vyee = 5.0V, i o
accuracy Vourz loue = 10 MA 1.8 0 +1.8 %
: Vvce = Vpveez = 4.5 10 5.5V P .
DC regulation VReaGe lours = 0 to 3.0A 15 (*1) 0 +5 (*1) mV
FB2 input resistance Rrs2 Vg = 2.0V 95 190 285 kQ
Switching FET Ronts2 lixe = 20 mA (PVCC2 to LX2) - 85 165 mQ
ON resistance Ronws? lixe = -20 mA (LX2 to PGND2) - 55 105 mQ
Switching FET 3 i
leakage current lieacz | lpvocz = 5.0V 1 10 WA
Maximum output *
ot P lour2 | L=1.5pH 3 (*1) - - A
LX2 peak current limit lLmiT2 L=15pH 3.5 (*1) - - A
Over voltage Vourz rising, Switching termination o
protection threshold Vovez | ihreshold 1250 130.0 135.0 &
Over voltage o
protection hysteresis Vovehysz i 2.0 50 8.0 %
FB2 discharge
resistance Rbisz - 160 400 640 Q
. -
ggetfﬁsct;rrt]tt ime Tcoessz | Tss2 = Voutz X Tcoessz 0.9 1.0 1.1 ms/V
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. Value .
Parameter Symbol Condition Min Typ Miax Unit
DD3: Buck DC/DC Converter
Output voltage Vyvce = 5.0V, o
accuracy Vours louTs = 10 mA -1.8 0 +1.8 o
: Vvce = Vpvees = 4.5 10 5.5V, Prpe .
DC regulation VReas lours = 0 0 2.0A 15 (*1) 0 +5 (*1) mV
FB3 input resistance Ress Vegs = 2.0V 95 190 285 kQ
Switching FET RonHs3 lixs = 20 mA (PVCC3 to LX3) - 100 190 mQ
ON resistance Rontss lixs = -20 mA (LX3 to PGND3) - 65 125 mQ
Switching FET _
leakage current leaks | Ipvocs = 5.0V - 1 10 HA
Maximum output *
it P lours | L=15pH 2 (*1) - - A
LX3 peak current limit lLmiTs L=15pH 2.5 (*1) - - A
Over voltage Vours rising, Switching termination o
protection threshold Voves | 4hreshold 125.0 130.0 135.0 &
Over voltage o
protection hysteresis VovpHyss i} 2.0 5.0 8.0 7o
FB3 discharge
resistance Roiss - 160 400 640 Q
?é)(fatf-ﬂsct%rr:tt ime Tcoesss | Tssa = Vouts x Tcoesss 0.9 1.0 1.1 ms/V
DD4: Buck DC/DC Converter
Output voltage Vyee = 5.0V, o
accuracy VOUT4 |OUT4= 10 mA -1.8 0 +1.8 Yo
: Vvee = Vpvces = 4.5 t0 5.5V, Py .
DC regulation VREG4 loura = 0 to 1.0A 15 (*1) 0 +5 (*1) mV
FB4 input resistance Rrsa VEps = 2.0V 95 190 285 kQ
Switching FET RonHsa lixa = 20 mA (PVCC4 to LX4) - 100 190 mQ
ON resistance RonLss lixa = -20 mA (LX4 to PGND4) - 65 125 mQ
Switching FET _
leakage current lieaks | lpvecs = 5.0V i 1 10 WA
Maximum output "
curront P loora | L=15pH 1(*1) - - A
LX4 peak current limit lLimiTa L=1.5pH 1.5 (*1) - - A
Over voltage Vouras rising, Switching termination o
protection threshold Voves | ihreshold 1250 130.0 135.0 %o
Over voltage o
protection hysteresis VovpHys i 2.0 5.0 8.0 o
FB4 discharge
resistance Roiss - 160 400 640 Q
. -
gooetfﬁsct;rrt]tt me Tcoessa | Tssa = Vouts x Tcoessa 0.9 1.0 1.1 ms/V
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Parameter Symbol Condition Value Unit
Y Min Typ | Max
LD1: LDO Regulator
Output voltage Vyvce = 5.0V, i
accuracy VourLt lours = 10 MA 1.8 0 +1.8 %
DC regulation Vagay | Vvee=45105.5V, Veveo1 =2.9710 Vvee |y (xq) 0 +5 (1) mv
loutt = 0 to lourLt
Output FET _
leakage current lLeaktt | IpvecL1=5.0V - 1 10 LA
Maximum output | Vevcert - Vourt1 2 1.6V 200 (*1) - - mA
current OUTLT 170.17V < VpvoeLs - Vourlr < 1.6V 100 (*1) - - mA
- Veveett - Voutit 2 1.6V 210 (*1) - - mA
Output current limit luimimLt 0.17V < VpveeLs - Vourls < 1.6V 105 (*1) - _ mA
LDO1 discharge
resistance RoisL1 - 160 400 640 Q
e .
S%g::;éitetﬂe Tcoesstt | Tsst1 = Vourttt x Tcoessti 0.9 1.0 1.1 ms/V
LD2: LDO Regulator
Output voltage Vvce = 5.0V, i
accuracy VourtL2 lourz = 10 MA 1.8 0 +1.8 %
DC regulation Vigare | Vvee=45105.5V, Veveaz =2.9710 Vvee |y (xq) 0 SeN | my
loutLz = 0 1o loutL2
Output FET _ i
leakage current liearz | lpveeL2=5.0V 1 10 WA
Maximum output | Vevoer2 - Vouriz 2 1.6V 500 (*1) - - mA
current OUTL2 170,17V < Vpvcerz - Vouriz < 1.6V 400 (*1) - - mA
. Veveerz - Voutiz 2 1.6V 525 (*1) - _ mA
Output current limit vz 37y < Veverz- Vouris < 1.6V 420 (*1) N - mA
LDO2 discharge
resistance RoisLe - 160 400 640 Q
S%fé:ftﬁéitet;ﬂqe Tcoesstz | Tsste = Vouttz x TcoessL2 0.9 1.0 1.1 ms/V

*1: The electrical characteristic is ensured by statistical characterization and indirect tests.
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9. Operating Mode List

Table 9-1 shows the operation list of S6BP401A.

Table 9-1 Operation Mode List

S6BP401A

Condition Operating Block
EN1/ DD1/
T SYNC ENLT ENa/ Chip | VREG LDO|dog Trigger| £1e% DD3/
J Control og Trigger Sync. LD1 DD3/
EN4/ Monitor DD4/
ENL2 LD2
< Trsp LorH L L OFF OFF OFF OFF OFF OFF
< T1sp LorH L H ON ON OFF OFF OFF ON
< T1sp LorH H L ON ON ON OFF ON OFF
< T1sp LorH H H ON ON ON OFF ON ON
< Trsp clock L L OFF OFF OFF OFF OFF OFF
< Trsp clock L H ON ON OFF ON OFF ON
< Trsp clock H L ON ON ON ON ON OFF
< Trsp clock H H ON ON ON ON ON ON
> Trsp LorH L L OFF OFF OFF OFF OFF OFF
> Trsp LorH L H ON ON OFF OFF OFF OFF
> Trsp LorH H L ON ON OFF OFF OFF OFF
2 T1sp LorH H H ON ON OFF OFF OFF OFF
2 T1sp clock L L OFF OFF OFF OFF OFF OFF
2 Trsp clock L H ON ON OFF OFF OFF OFF
2 Trsp clock H L ON ON OFF OFF OFF OFF
2 T1sp clock H H ON ON OFF OFF OFF OFF
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10.Function

10.1 Turning ON and OFF Sequence
When all of the enable input terminals (EN1, EN2, EN3, EN4, ENL1 and ENL2) are “Low”, the device is in shutdown state. When

any one or more than one of them go “High,” the device is initialized, then the internal linear regulator (VREG) starts generating 1.8V
internal supply voltage. After that, each DC/DC converters and LDOs state is transitioned to the state which can be started.

In order for the device to start, the VCC terminal voltage must be higher than the under-voltage lockout threshold (Vuvior + Vuvhys).

Figure 10-1 depicts the turning-on and off sequence where the enable signals are connected to VCC. Figure 10-2 depicts that where
the enable signals are respectively controlled after the IC is powered.

Figure 10-1 Turning ON and OFF Sequence (where EN1 and ENL1 are Connected to VCC)

Vvce _ZI(_\_ Vuvior + Vuvhys

0
Ver A

A R

VENLY

Vvrea : / ! \_

VouTt /' Veauv+Vpauvhys DN 10%
e e o e e —— —— L N

> < TYP0.92ms(*1)

VRst

Initialization Tro
(TYP:1ms) Time

*1: Given that the system employs the same external parts with those specified in “11. Application Circuit Example”.
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Figure 10-2 Turning ON and OFF Sequence (where EN1 and ENL1 are Respectively Controlled)

Vvee _7:(_ " Vuvtor + Vuvhys

VEn+

1
1
1
1
1
VENLY !
1
1
1
1
1
1
1

VVR EG /

1
1 1
1 1
1 1
1 T
! S
Vours _._._/ VoauvtVeauwmys
e o
1 1 1 1 v 1
| | | VI( Vrsuv+Vesuvys |
V 1 1 1 1 1 1
OUTL1 1 1 1 1 1 1
1 1 1 N T ____________________ . 1
1 1 1 1 1 o 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
VasT R N ! !
N | | | | | | | |
1 .I_ . ‘I 1 1 1 1 1 _I. . _I
Initialization Tro Initialization
(TYP-1ms) (TYP1ms) Time

*1: Given that the system employs the same external parts with those specified in “11. Application Circuit Example”.
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10.2 Over Current Protection

S6BP401A

The over current protection of the DC/DC converters detects the inductor peak current with on-resistance of Internal high side
switching FET. If the DC/DC converter is over current state, the corresponding output voltage is decreased. If the device returns

from over current state, the output voltage is target voltage.

Each LDOs equips foldback current limiter in order to prevent the IC itself from being damaged or destroyed. The curve of output

current and output voltage in over current state is shown in the Figure 10-3.

Figure 10-3 LDO Foldback Over Current Protection Characteristic

Voltage

VOUTL1
VOUTL2

Current
ISL1 IOUTL1 ILIMITL1
ISL2 IOUTL2 ILIMITL2

10.3 Over Voltage Protection

The over voltage protection of the DC/DC converters detects the output voltage. If the DC/DC converter is over voltage state, the
corresponding channel stops switching and inductor connecting terminal (LX1, LX2, LX3, LX4) is held at high impedance. If the

device returns from over voltage state, the channel returns switching automatically.

Figure 10-4 Over Voltage Protection Timing Chart

VOUT1 !VOUT21
VOUTS’VOUT4

—~
0
o
- -

1 1
i TRPG 9! '%: ETRPG
1 é > 1
Veat:Veaes : : i : >
Veas:Veas T e
1
' i
LX1, LX2, ! I
LX3, LX4 | Hi-Z Switching Hi-Z Switching
Discharge | ON OFF

VEN17VEN27
VEN31VEN4 VOVPHYS1’ VOVPHYSZ’
T Vovphysas VovpHyss =~ xOVPﬂxOVPZ’
1
_______ e _________________\1/________/ ovr3: Vovr4
_______ Yo IIICIICIIIIIIIII A TCCIoIoCINgoIooIICoIoooIooooCoIITIIz
N T ________ (//_VPGOV

Time

Document Number: 002-03341 Rev.*C

Page 20 of 38




S6BP401A

=7 CYPRESS

Embedded in Tomorrow™

10.4 Thermal Shutdown (TSD)
If the junction temperature reaches +165°C, all DC/DC converters and LDOs stop outputting voltage. Then the discharge operation

is carried out to discharge the output capacitor (The discharge operation continues until the state of the thermal shutdown released.)
When the junction temperature drops below +155°C, the soft-starters activate regulators and start generating voltage gradually if the

enable is "High."

Figure 10-5 Thermal Shutdown Timing Chart

<= 155 deg.

<> <>
Soft-Start Soft-Start

Time

10.5 Under Voltage Lockout (UVLO)
If the VCC terminal voltage (Vvcc) drops below the lower UVLO threshold (Vuvior), all DC/DC converters (DD1, DD2, DD3, DD4),

LDOs (LD1, LD2), windowed watchdog timer (WDT) and the internal linear regulator (VREG) stop working. When the VCC terminal
voltage (Vvcce) is raised higher than the higher UVLO threshold (Vuvior + Vuvhys), the device returns automatically.

10.6 Soft-Start Operation
S6BP401A equips load-independent soft-start function in order to prevent the DC/DC converters and LDOs from having rush current

at the start-up. The soft-start timing is shown in the Figure 10-6, and is given by the following equation;

Tss = Vour X Tcogss, Where

Tss [ms] : Soft-start time
Vour [V] : Output voltage (Vout1, Voutz, Vouts, Vours, Vouttt, VoutLe)

Tcoess [ms/V] : Soft-start time coefficient (Tcoesst, Tcoess2, Tcoesss, Tcoesss, TcoessL1, TCOESSL2)
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Figure 10-6 Soft-Start Operation Timing Chart

VOUT

Tss=Vour"*Tcoess

Tss=Vour®*Tcoess

Tss=Vour™®*Tcoess
Time

10.7 Discharge Operation
When an enable signal goes “Low”, the corresponding output capacitor is discharged by the internal discharge resistor and the

output voltage is decreased gradually. Note that the discharge time is not consistent: it depends on the output load current.

As for a DC/DC converter, the output capacitor is discharged from FB1, FB2, FB3 and FB4 terminal to PGND1, PGND2, PGND3
and PGND4 terminal respectively. As for a LDO, the output capacitor is dis-charged from LDO1, LDO2 terminal to GND terminal.

The discharge time required to decrease the output voltage by 90% without any explicit load given by the following equation;

Tpis = 2.3 X Rp;s X Coyr, Where

Tois [ms]: Discharge time

Rois [kQ] : Discharge resistance (Rpis1, Rois2, Roiss, Roiss, Roist1, Roist2)

Cour [pUF] : Output capacitor

Figure 10-7 Discharge Diagram (DC/DC Converter)
PVCC1,PVCC2,
PVCC3,PVCC4

L1
FB1,FB2, go""elr
FB3,FB4 upply
Error Amp. LX1 LX2,
PWM LX3,LX4
- ri
LR — Control 4 000" * O
DISts +
EDISZ! —|
R PGND1,PGND2, T
DIS4
I PGND3,PGND4
<4 ~
enable
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Figure 10-8 Discharge Diagram (LDO)

PVCCL1,PVCCL2

Power
Supply

LDO1,LDO2

1 O

g

i

I:%DISL1 ’
I:{DISLZ

enable

10.8 Power Good Monitor and Reset Function
Each DC/DC converters and LDOs has power good function to indicate whether the output voltage is in the expected range. The
Table 10-1 describes the power good pin names and their functions of each DC/DC converters and LDOs. The Figure 10-9 and

Figure 10-10 depict power-good timing chart.

Table 10-1 Power Good Monitor and Reset Function Pin List

Channel

Pin Name

Description

DD1

PG1

Enabling DD1 is followed by rising of the DD1 output voltage (Vouri1). Once Voutt reaches within the power
good range (Vrauv + Vecuvhys < Voutt < Vegov — Vegovhys), the power good monitor output (PG1 terminal)
changes its state from “Low” to “Open” after a power-on-reset time (Trpg). When Vour1 is out of the power
good range (Vout1 < Veguv or Vouti1 2 Vecov), PG1 terminal changes its state from “Open” to “Low” after the
propagation delay (Tepg). The glitch within Terg does not affect the power good monitor output.

DD2

PG2

Enabling DD2 is followed by rising of the DD2 output voltage (Vourz). Once Voure reaches within the power
good range (Veguv + Veaguvhys < Vout2 < Veaov — Vecovhys), the power good monitor output (PG2 terminal)
changes its state from “Low” to “Open” after a power-on-reset time (Trpa). When Vourz is out of the power
good range (Voutz < Veguv or Voutz = Vegov), PG2 terminal changes its state from “Open” to “Low” after the
propagation delay (Tppg). The glitch within Tppg does not affect the power good monitor output.

DD3

PG3

Enabling DD3 is followed by rising of the DD3 output voltage (Vours). Once Vours reaches within the power
good range (Veguv + VeauvHys < Vouts < Vraov — VrcovHys), the power good monitor output (PG3 terminal)
changes its state from “Low” to “Open” after a power-on-reset time (Trpg). When Vours is out of the power
good range (Vouts < Veguv or Vouts 2 Vecov), PG3 terminal changes its state from “Open” to “Low” after the
propagation delay (Tppg). The glitch within Tepg does not affect the power good monitor output.

DD4

PG4

Enabling DD4 is followed by rising of the DD4 output voltage (Vours). Once Vours reaches within the power
good range (Veguv + VprauvHys < Vouts < Vrgov — VrcovHys), the power good monitor output (PG4 terminal)
changes its state from “Low” to “Open” after a power-on-reset time (Trpa). When Vours is out of the power
good range (Vouts £ Veauv or Vouts 2 Vpecov), PG4 terminal changes its state from “Open” to “Low” after the
propagation delay (Tppg). The glitch within Tepg does not affect the power good monitor output.
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Channel | Pin Name Description

Enabling LD1 is followed by rising of the LD1 output voltage (Vout1). Once VourLt reaches within the power
good range (Vrsuv + Vrsuvhys < VouTL1 < Vesov - Vrsovhys), the RST terminal changes its state from “Low”
LD1 RST |[to “Open” after a power-on-reset time (Trp). When Vouris is out of the power good range (VourtL1 < Vrsuv or
VoutL1 = VRrsov), RST terminal changes “Open” to “Low” after the propagation delay (Terst). The glitch within
TrrsT does not affect the power good monitor output.

Enabling LD2 is followed by rising of the LD2 output voltage (VoutL2). Once Vouree reaches within the power
good range (Vrguv + Vecuvhys < VouTie < Vegov — Vraovhys), the power good monitor output (PGL2

LD2 PGL2 |[terminal) changes its state from “Low” to “Open” through the power-on-reset time (Trpg). When VourLz is out
of the power good range (Vouriz £ Veguv or Vouti2 = Vecov), PGL2 terminal changes “Open” to “Low” after
the propagation delay (Tepc). The glitch within Tppg does not affect the power good monitor output.

Figure 10-9 Power-Good Monitor Output Timing Chart (PG1, PG2, PG3, PG4, PGL2)

Vent:Venzs
Veng Vens
Venie Vv
PGOVHYS
Vouri:Vourzs _ _\L - 1\ ____________ !
VourssVourss B LY A \_
ouTL2 Veauvvs

1
1
1
1
1
-——
1
1
1
1
1
1
1
L

VPG1 !VPGZ’ :
xPGS’VPG‘“ :HI 9: :éeiié 91 < :HI 9: < HI
PGL2
Trea < Tepa . Tera Tepa Trea Trp Trea

Time

Figure 10-10 Power-Good Monitor Output Timing Chart (RST)
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10.9 Watchdog Timer
S6BP401A employs a digital windowed watchdog timer. The digital windowed watchdog timer starts monitoring trigger signal, when

the LD1 output voltage (VourL1) reaches the power good level after enabling LD1.

Figure 10-11 shows the state diagram of the digital watchdog timer. There are six states in the diagram. In the normal operation, the
state is expected to move back and forth between “CW” and “OW”,

At first, as described in the section 10.8, enabling LD1 brings “RESET” state, and the “RESET” state is kept for the “Reset Time
(Trp)” outputting “Low” from RST terminal.

In the second, after Trp in the “RESET” state, the state will transition to “Ignore Window (IW)”, and let RST terminal be “Open”. The
“IW” state will be elapsed in the “Ignore Window Time (Tiw.)”

In the third, after elapsing, the state will transition will transition to “Long Open Window (LOW)” state, and let RST terminal be
“Open.” In this state, a trigger signal is expected to be input: if an input trigger arrives, the state will immediately transition to the
“Closed Window (CW)” state. Without an input trigger in the “Long Open Window Time (TLow,)” the state will be elapsed and will
transition to “RESET” state.

In the “CW?” state, a trigger signal is expected NOT to be input: if an input trigger arrives, the state will immediately transition to the
“RESET” state. Without an input trigger in the “Closed Window Time (Tcw,)” the state will be elapsed and will transition to “Open
Window (OW)” state.

In the “OW” state, a trigger signal is expected NOT to be input: if an input trigger arrives, the state will immediately transition to the
“RESET” state. Without an input trigger in the “Open Window Time (Tow,)” the state will be elapsed and will transition to “Closed
Window (CW)” state.

In any states above, a power failure of LD1 will cause a transition to “OFF” state, and output “Low” from RST terminal until LD1 goes

well.

Figure 10-11 Watchdog Timer State Diagram
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