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How to design a Power Management System
with S6BP401A

About this document

Scope and purpose

AN98649 explains how to select components and PCB layout guidelines for a power management system with
S6BP401A, Cypress’ 6-channel power management IC (PMIC).

Associated Part Family

S6BP401A

Related Documents

S6BP401A Datasheet
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Introduction

1 Introduction

Cypress’ S6BP401A is a PMIC for automotive advanced driver assistance systems (ADAS). It includes a 4-
channel, step-down, 2.1-MHz DC/DC converter (DD1, DD2, DD3, and DD4), a 2-channel low-drop regulator (LDO;
LDO1 and LDO2), and a watchdog timer as shown in Figure 1. S6BP401A enables you to design an ADAS system
with minimal number of parts. The supply voltages of the power system that uses S6BP401A are high-precision,
and S6BP401A has a power-good function and a watchdog timer function. Therefore, S6BP401A, which is
compliant with AEC-Q100, provides a high-reliability power system in automotive systems.

S6BP401A: PMIC

5V —» DC/DC Converter

v

1.20V~1.575V/2A

v

1.00V~1.275V/3A
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DDA 3.3V~34V/1A
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» 3.3V~3.4V/0.2A

» 1.20V~2.875V/0.5A

5
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Clock = Watchdog — >
Figure 1 Block diagram of the power management system
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Components selection

2 Components selection

2.1 DC/DC converter (DD1, DD2, DD3, and DD4) parts selection

DDx (where x=1, 2, 3, or 4) is a channel of DC/DC converter of PMIC. Select all components shown in Figure 2,
which shows the DC/DC Converter section of an example circuit that uses S6BP401A.

PVCC1,PVCC2,
PVCC3,PVCC4
i) * Power Supply Vin

FB1,FB2, l
FB3,FB4 Ci
LX1,LX2,
LX3,LX4
L1——T00———&——O Output Vour

L

PGNDl,PGNDZ,::C
PGND3,PGND4 out

T 4

Figure 2 Connection of the DC/DC converter

PVCCx, LXx, FBx PGNDx (where x =1, 2, 3, or 4) are terminal names of PMIC (see the datasheet).

2.1.1 Inductor (L)

Generally, the inductance of the coil is selected along with the value of the E6 series. Normally, you do not need
to design an inductor for a power management system based on the S6BP401A device because it is designed to
operate efficiently with a 1.5-uH external inductor. At the same time, you should calculate the maximum
current value to confirm whether the electric current that flows to the inductor is within the rated parameters
for the inductor by using Equation 1.

Equation 1

Al
ILyax = lour wax + 2

Where:

ILmax: Rated current of inductor (A)

lout_max: Maximum load current (A)

Al: Ripple current peak-to-peak value of inductor (A)
L: Inductance of inductor (H)

Vin: Power supply voltage (V)

Vour: Output setting voltage (V)

fosc: Switching frequency (Hz)
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A ceramic capacitor that has a low equivalent series resistance (ESR), typically less than 10 mQ, and excellent
frequency characteristics (the capacitance is not reduced up to the switching frequency), should be used.
Generally, the capacitance is selected along with the value of the E6 series. The recommended value is 10 pF.

Ensure that V., >V, , where Vewis the rated voltage of input capacitor (V) and Vivis the power supply voltage
(V).

Components selection

2.1.2 Input capacitor (Cy)

2.1.3 Output capacitor (COUT)

A ceramic capacitor that has a low ESR and excellent frequency characteristics should be used. Table 1 lists the
recommended capacitance values for each DC/DC converter channel of the device:

Table1 Output capacitance list
DD1 DD2 DD3 DD4
22 uF (2 nos.) 22 uF (3 nos.) 22 uF (2 nos.) 22 uF (2 nos.)

When you consider a ceramic capacitor, you should take into account the reduction of capacitance due to DC
bias characteristics of the capacitor itself. Generally, a large-size capacitor has a stable DC bias characteristic.

Ensure that Veour >Vour , where Vcouris the rated voltage of output capacitor (V); Vouris the output setting

voltage (V).

2.2 LDO (LDO1 and LDO2) parts selection

LDO1 and LDO2 are channels of the LDO of the PMIC. Figure 3 shows the LDO section of an example circuit that
uses the S6BP401A power management solution. You have to select each component in Figure 3.

PVCCL1,PVCCL2
Power Supply Viy
LDO1 Cw
LDO2 ;l;
L Output Vour
LDO1,LDO2
lCOUT

PVCCLx, LDOx (where x =1 or 2) is terminal name of PMIC (see the datasheet).

Figure 3 Connection of the LDO

2.2.1 Input capacitor (Civ), output capacitor (Cour)

A ceramic capacitor that has low ESR and excellent frequency characteristics should be used. Table 2 lists the
recommended capacitance values.

Table 2 Output capacitance list

LDO1 LDO2
Input capacitor 1 uF 1uF
Output capacitor 1 uF 10 uF
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Components selection

Calculate the necessary rated voltage of the capacitor by the following formula.

VCIN >VIN ’VCOUT >VOUT

Where:

Von: Rated voltage of input capacitor (V)
Vin: Power supply voltage (V)

Vcour: Rated voltage of output capacitor (V)

Vour: Output setting voltage (V)
2.3 Common parts selection

2.3.1 VCC and VREG bypass capacitor

VCC and VREG that is terminal of PMIC (see the datasheet) need a bypass capacitor. A ceramic capacitor that
has a low ESR and excellent frequency characteristics should be used. The recommended value for these
capacitors is 1 puF. Calculate the necessary rated voltage of the capacitor by using the following formula.

Equation 2

VCVCC >VIN ’VCVREG >VVREG

Where:

Vevee: Rated voltage of VCC bypass capacitor (V)
Vin: Power supply voltage (V)

Vewres: Rated voltage of VREG bypass capacitor (V)

Vires: VREG voltage (V)

2.3.2 PG1, PG2, PG3, PG4, PGL2 and RST pull-up resistor

PGx (wherex =1, 2, 3, or 4), PGL2, and RST terminals of the PMIC need a pull-up resister if the design uses the
power good monitor or the watchdog function (see the datasheet for more information on each function).
When you select the value for pull-up resistance, you should consider the leakage current (less than 1 pA) and
the driving ability (3 mA) of each terminal. The resistance should be selected in the range of 2 kQ to 100 kQ.
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PCB layout guidelines

3 PCB layout guidelines

This section explains how to design PCB layout for a power management system with S6BP401A.

3.1 DC/DC converter (DD1,DD2, DD3, and DD4)

Figure 4 shows an example layout of the DC/DC converter (DD2) section shown in Figure 2.

Mounted components layer

Ground plane layer

Through-hole

Figure 4 Layout example of DD2

The switching components, consisting of an input capacitor (Cw), IC, coil (L), and output capacitor (Cour), are
placed close to each other. These components should be connected with a wide and short plane.

In particular, the current loop that includes the input capacitor (Civ) and IC (PVCCx and PGNDx [wherex=1, 2, 3,
or 4] terminal) should be carefully chosen to decrease the current loop. Another PCB layer, not a mounted
components layer, should be used as a ground plane. The ground terminal of the switching component should
be connected to this ground plane by through-holes that are put near the ground terminal of the switching
component.

The feedback line from the FBx (where x =1, 2, 3, or 4) terminal of the IC should be connected individually to the
terminal of the output capacitors. This wiring is sensitive to noise. It should be away from the pattern of the LXx
(where x=1, 2, 3, or 4) terminal and the switching components.

There is leakage flux near a coil or the back of the PCB-mounted coil. Sensitive wiring and components should
be located away from the coil or the back of the PCB-mounted coil.
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PCB layout guidelines

3.2 LDO (LDO1 and LDO2)

Figure 5 shows an example layout of the LDO (LDO1) section shown in Figure 3.

Mounted components layer

/

Ground plane layer

Through-hole

Figure 5 Layout example of LDO1

The input capacitor (Cw) and output capacitor (Cour) should be placed close to the PVCCLx (where x =1 or 2)
terminal and the LDOx (where x = 1 or 2) terminal of the IC. These components should be connected with a wide
and short plane. The ground terminal of each capacitor should be connected to the ground plane of another
layer by through-holes that are placed near the ground terminal of each capacitor.

3.3 Common (Ground, VCC, and VREG bypass capacitors)

Figure 6 shows an example layout of the common section.

Mounted components layer

Ground plane layer
Through-hole

CP

Figure 6 Layout example of common section

The exposed pad (EP) of PMIC should be connected to the ground plane that will be placed on the IC mounting
surface. The EP should be connected to the ground plane of another layer for heat dissipation and stable
operation purposes.

The VCC and VREG bypass capacitors (Cvcc, Cvres) Should be placed close to the VCC and VREG terminals of the
IC. These components should be connected with a short line. The ground terminal of each capacitor and the
corner pad (CP) of the IC should be connected to the ground plane of another layer by through-holes that are
placed near each ground terminal of the capacitor and each CP terminal IC.
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IMPORTANT NOTICE

The information contained in this application note is
given as a hint for the implementation of the
product only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application. Infineon Technologies hereby disclaims
any and all warranties and liabilities of any kind
(including without limitation warranties of non-
infringement of intellectual property rights of any
third party) with respect to any and all information
given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

For further information on the product, technology,
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

WARNINGS

Due to technical requirements products may
contain dangerous substances. For information on
the types in question please contact your nearest
Infineon Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of the
product or any consequences of the use thereof can
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