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About this document

Scope and purpose

AN99435 explains how to select the components and presents PCB layout guidelines for a power management
system with S6BP501A or S6BP502A, which are Cypress’ three-channel power management ICs (PMICs).
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1 Introduction

S6BP501A and S6BP502A are PMICs for automotive clusters optimized with Cypress’s Traveo™ MCU family, as
listed in Table 1. These PMICs have a three-channel output: one high-voltage step-down DC/DC controller
(DD3V), one step-down DC/DC converter with built-in switching FETs (DD1V), and one step-up DC/DC converter
with built-in switching FETs (DD5V), as shown in Figure 1. Each output voltage can be set by an external
resistor. DD1V and DD5V can operate at a high switching frequency of 2.1 MHz; therefore, reducing the footprint
area by miniaturizing components is possible.

You should keep certain considerations in mind when you design a power supply system with S6BP501A or
S6BP502A. This application note describes the component selection process and PCB layout guidelines in the
power supply design using S6BP501A or S6BP502A.

Table1 PMICs
Part Number Output Voltage (V) / Maximum Supply Current (A)
DD3V DD5V DD1V
S6BP501A 3.2V~3.4V/1.6A | 5.0V~5.2V/1.3A 1.0V~1.3V(1.15Vrecommended) /1.4 A
S6BP502A 3.2V~34V/19A | 5.0V~5.2V/1.3A 1.0V~1.3V(1.20Vrecommended) /2 A
S6BP501A, S6BP502A PMIC
4.5V~42V |
A
A __’“_> 5.0V~5'2V
A —“_»l.ov~l'3v
Power good 4
*
Figure 1 Power management system block diagram

Power good and thermal warning are the function names of the PMIC (refer to the datasheet).

Application Note 30f25 001-99435 Rev. *F
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2 Component selection

This section explains how to select the components for a power management system with S6BP501A or
S6BP502A.

2.1 DC/DC converter (DD1V)

Figure 2 depicts the DD1V DC/DC converter section in the S6BP501A/S6BP502A application example. PVCC1V,
LX1, FB1V, and PGND1V are the terminal names of the PMIC (refer to the datasheet). This section explains how
to choose each component shown in Figure 2.

Cc R1 I
pPvcCaV[ } l QO Input of DD1V
1FB1V C
R2 DD1V
Lx1[1 00——=——CO Output Vo,
L
- COUT
PGND1V
7
Figure 2 Connection of DD1V
2.1.1 Output setting resistors (R1, R2) and phase compensation capacitor

(Cc)

A pair of voltage-dividing resistors (R1 and R2) configures the output voltage (Vouri) according to Equation 1.
Refer to the DD1V output voltage setting range in the datasheet for the range of Vouri. Choose approximately
270 kQ for R1 so that the built-in phase compensation network works well. The recommended resistor values
are listed in Table 2.

Equation 1

R1+R2
Vout1 ~VEBlY X R2
Where:

R1, R2: Output voltage setting resistance (Q)
Vesv: DD1V FB voltage = 0.6 (V)

Vouri: DD1V output setting voltage (V)

Table 2 DD1V output voltage setting resistor
Part No DD1V setting voltage R1 R2 Cc
S6BP501A 1.15V 274 kQ 301 kQ 12 pF
S6BP502A 1.20V 270 kQ 270 kQ
Application Note 4 of 25 001-99435 Rev. *F
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2.1.2 Inductor (L)

Generally, the inductance of the inductor should be selected from among values of the E6 series of preferred
numbers'. The recommended inductor value for S6BP501A/S6BP502A is 1.5-pH. Also, you should calculate the
maximum current value using Equation 2 to confirm whether the electric current that flows through the
inductor is within the rated parameters for the inductor.

Equation 2
Al
II‘MAX Z IOUTl_MAX + 2
AI _VPVCC1V _VOUTl X Dl D _ VOUTl
L = =1 T
L fOSCl VPVCCl

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)

D:: On-duty for DD1V

Veveewv: Power supply voltage of DD1V (V)

Vouri: Output setting voltage of DD1V (V)

fosci: Switching frequency of DD1V (Hz)

If the inductor peak current reaches the overcurrent protection (OCP) detection current, OCP lowers the output
voltage, thus preventing the inductor peak current from exceeding the inductor’s rated current limit, ILuax. You
need to consider the inductance change due to the inductor’s DC bias characteristic.

2.1.3 Input capacitor (Ci)

A ceramic capacitor that has a low equivalent series resistance (ESR), typically less than 10 mQ, and excellent
frequency characteristics—that is, the capacitance does not diminish at the switching frequency—should be
used. Generally, the capacitance should be selected among the value of the E6 series of preferred numbers. The
recommended value is no less than 4.7 pF. Calculate the necessary rated voltage of the input capacitor by using
Equation 3.

Equation 3

VCIN >\/PVCCIV

Where

Ven: Rated voltage of input capacitor (V)

Vevecv: Power supply voltage of DD1V (V)

L E6 series is the number series with the two significant digits (10, 15, 22, 33, 47, 68) defined in IEC 60063:2015.

Application Note 50f25 001-99435 Rev. *F
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2.1.4 Output capacitor (Cour)

A ceramic capacitor that has a low ESR and excellent frequency characteristics should be used. The
recommended capacitance values is no less than 22 puF. Use a large capacitance (two 22-uF capacitors
recommended) to prevent power good 1 false triggering by mitigating the voltage deviation caused by load
transients (e.g., from 0 A to the max load current in 10 ps). An approximate output voltage undershoot /
overshoot value of the load transient response without load regulation variant is calculated by using
Equation 4.

Equation 4
1 1
Aloyt*( + )
2Xfosc1 8XfBW
AVour = C
ouT
Where:

AVour: Output voltage undershoot / overshoot caused by the load transient (V)
Aloyr: Transient value of the output current (A)
fosci: Switching frequency of DD1V (Hz)
few: Feedback loop bandwidth of DD1V (Hz)
The Gain-Phase calculation tool can simulate its approximately value.

Cour: Output capacitor (F)

The switching ripple voltage is calculated using Equation 5.

Equation 5
AVout sw =AVout sw_c+AVout sw_ESR

N

8xCourxfosc1 | Avgyr _sw_EsrR = Al xESR

AVout sw _c =

Where:

AVour_sw: Output switching ripple total voltage (V)

AVour_sw_c: Output switching ripple voltage caused by the capacitance (V)

AVour_sw_esr: Output switching ripple voltage caused by ESR of the output capacitor (V)
Al: Ripple current peak-to-peak value of inductor (A)

fosci: Switching frequency of DD1V (Hz)

Cour: Output capacitor (F)

ESR: ESR of the output capacitor (Q)

Application Note 6 of 25 001-99435 Rev. *F
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When choosing a ceramic capacitor, you should take into account the reduction of capacitance due to the DC
bias characteristics of the capacitor itself. Generally, a large-sized capacitor has a stable DC bias characteristic.

Calculate the necessary rated voltage of the output capacitor by using Equation 6.
Equation 6

Veour >Vour

Where:

Vcour: Rated voltage of output capacitor (V)
Vour: Output setting voltage of DD1V (V)

2.2 DC/DC converter (DD5V)

Figure 3 depicts the DD5V DC/DC converter section in the S6BP501A/S6BP502A application example. LX5,
VOUTS5V, FB5V, and PGND5V are the terminal names of the PMIC (refer to the datasheet). This section explains
how to choose each component in Figure 3.

FB5V X5 ’UUO‘T—O Input of DD5V
R2
DD5V Cin ;E

VOUTSVL

| -

OOutput Voyrs

== Cour

PGNDS5
7T

Figure 3 Connection of DD5V DC/DC converter

2.2.1 Output setting resistors (R1, R2)

A pair of voltage dividing resistors (R1 and R2) configures the output voltage (Vours) according to Equation 7.
Refer to the DD5V output voltage setting range in the datasheet. By increasing the resistance value, the
efficiency will be improved with a light load. But with a high resistance value, the load tends to be vulnerable to
noise. Table 3 gives the recommended value, considering the efficiency improvement at light loads.

Equation7

R1+ R2
VouTs =VFBSV X~ 55—

Where:
R1, R2: Output voltage setting resistance (Q)
VF85v: DD5V FB VOltage =12V

Vouts: DD5V output setting voltage (V)

Application Note 7 of 25 001-99435 Rev. *F
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Table 3 DD5V output voltage setting resistor
DD5V setting voltage R1 R2
5.00V 3.8 MQ (2 MQ + 1.8 MQ) 1.2 MQ

If each resistance value is reduced to a tenth as listed in Table 4, the supply current increases about 5 pA (when
VIN=12V).

Table 4 DD5V output voltage setting resistor
DD5V setting voltage R1 R2
5.00V 380 kQ (200 kQ + 180 kQ) 120 kQ
2.2.2 Inductor (L)

Generally, the inductance of the inductor should be selected from among values of the E6 series of preferred
numbers. The recommended inductor value for S6BP501A/S6BP502A is 1.5 puH. Also, you should calculate the
maximum current value using Equation 2 to confirm whether the electric current that flows through the
inductor is within the rated parameters for the inductor.
Equation 8
[ v
5 _OUTs_MAX Af . _VIN_DD5V

Wyppy >
MAX . 5
Dy 2 VouTs

V A
) s Al = IN—DDSX(l Ds)

L fosct

Where:

[Lmax: Rated current of inductor (A)

louts_wax: Maximum load current (A)

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

Ds’: Off-duty for DD5V

Vin_oosv: Power supply voltage of DD5V (V)

Vouts: Output setting voltage of DD5V (V)

fosci: Switching frequency of DD5V (Hz)

If the inductor peak current reaches the overcurrent protection (OCP) detection current, OCP lowers the output
voltage thus preventing the inductor peak current from exceeding the inductor’s rated current limit, ILuax. You
need to consider the inductance change due to the inductor’s DC bias characteristic.

Application Note 8 of 25 001-99435 Rev. *F
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2.2.3 Input capacitor (Cv)

A ceramic capacitor that has a low ESR, typically less than 10 mQ, and excellent frequency characteristics,
where the capacitance does not diminish at switching frequency, should be used. Generally, the capacitance
should be selected among the value of the E6 series of preferred numbers. The recommended value is no less
than 4.7 pF. Calculate the necessary rated voltage of the input capacitor by using Equation 9.

Equation 9

Vein > VIN_ppsv

Where

Vein: Rated voltage of input capacitor (V)

Vin_oosv: Power supply voltage of DD5V (V)

2.2.4 Output capacitor (Cour)

A ceramic capacitor that has a low ESR and excellent frequency characteristics should be used. The
recommended capacitance values is no less than 88 uF. Use a large capacitance (five 47-uF capacitors
recommended) to prevent power good 5 (PG5) false triggering by mitigating the voltage deviation caused by
load transients (e.g., from 0 A to the max load current in 10 ps). Approximate output voltage undershoot /
overshoot caused by the load transient response without load regulation variant is calculated by using
Equation 4.

Equation 10
1 1
Aloyt*( + )
2XfOSC1 8XfBW
AVour = C
ouT
Where:

AVour: Output voltage undershoot / overshoot caused by the load transient (V)
Aloyr: Transient value of the output current (A)
fosci: Switching frequency of DD5V (Hz)
few: Feedback loop bandwidth of DD5V (Hz)
The Gain-Phase calculation tool can simulate its approximately value.

Cour: Output capacitor (F)

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

Calculate the necessary rated voltage of the output capacitor by using Equation 11.
Equation 11
Veout >Vouts

Where:

Application Note 9 of 25 001-99435 Rev. *F
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Vcour: Rated voltage of output capacitor (V)
Vouts: Output setting voltage of DD5V (V)

2.3 DC/DC converter (DD3V)

Figure 4 depicts the DD3V DC/DC converter section in the S6BP501A/S6BP502A application example. CSN, CSP,
BST3V, DRVH3V, DRVL3V, LX3V, FB3V, IN3V, VOUT3V and PGND3V are the terminal names of the PMIC (refer to
the datasheet). This section explains how to choose each component in Figure 4.

CCJ—E: R1
:i;[ g:/%r']:gge - S O Input of DD3V
j; BST3V 1 \ J_ g;;]e:;,
DRVH3
DD3V L ;l/:r
LX3V 00— O Output of DD3
RS VOUTﬁDDCi
DRVL3V/ Low side FET Tew
7T
Output of VOUT3
;- CVOUTSV VOUT3
Figure 4 Connection of DD3V DC/DC converter
2.3.1 Output setting resistors (R1, R2) and phase compensation capacitor

(Co)

A pair of voltage dividing resistors (R1 and R2) configures the output voltage (Vour_pps) according to

Equation 12. Refer to the DD3V output voltage setting range in the datasheet. Calculate the output voltage by
using Equation 12. By increasing the resistance value, the efficiency will be improved with a light load. But with
a high resistance value, the load tends to be vulnerable to noise. Table 5 gives the recommended value.

Equation 12

R1+R2
VouT pDs =VFBaV s

Where:
R1, R2: Output voltage setting resistance (Q)
VFB3v: DD3V FB VOltage =09V

Vout_ops: DD3V output setting voltage (V)

Table5 DD3V output voltage setting resistor and phase compensation capacitor
DD3V setting voltage R1 R2 Cc
3.30V 320 kQ (200 kQ + 120 kQ) 120kQ 10 pF
Application Note 10 of 25 001-99435 Rev. *F
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If the resistance of R1 and R2 is increased, the output capacitance should be increased to the same degree.

Changing the output capacitors or output voltage setting resistors may lead to changes in gain-phase
characteristics, and therefore, results in possible lower phase margin. In this case, the low phase margin can be
boosted by optimizing the compensation capacitance (Cc). Compensation capacitance (Cc) can be calculated
by using Equation 13.

Equation 13

C. = 1- \/1 — 1.2 X Voyr pps/ Vour pp3 — 0.9)?
c 7.3 X fooR,

Where:

feo: Crossover frequency by measurement of gain-phase characteristic without Cc.
R2: Output voltage setting resistance (Q)

Vout_ops: DD3V output setting voltage (V)

2.3.2 Inductor (L)

Generally, the inductance of the inductor should be selected from among values of the E6 series of preferred
numbers. The recommended inductor value for S6BP501A/S6BP502A is 4.7 puH. Also, you should calculate the
maximum current value using Equation 2 to confirm whether the electric current that flows through the
inductor is within the rated parameters for the inductor.

When connecting the output of DD3V to the input of DD5V and DD1V:
Equation 14

Arp

Ibvax = 1DD3_MAX * 5
Iops max =louts max + Tine_max + ins_max
N1 max =Prxlouti max

|
OUT5_MAX Vin -V V
'IN5_MAX =———0s a1 = IN LOUTSXV OUfTS
5 VIN * Tosc2

Where:

ILwax: Rated current of inductor (A)

Ippav_max: Maximum load current (A)

louts_max: Maximum load current (A)

Iins_max: DD5V maximum input current (A)

Iini_max: DD1V maximum input current (A)

Ds’: OFF Duty for DD5V

D:: ON Duty for DD1V

Vin: Power supply voltage of DD3V (V)

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

Application Note 110f25 001-99435 Rev. *F
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L: Inductance of inductor (H)
fosca: Switching frequency of DD3V (Hz)

If the inductor peak current reaches the overcurrent protection (OCP) detection current, OCP lowers the output
voltage thus preventing the inductor peak current from exceeding the inductor’s rated current limit, ILyax. You
need to consider the inductance change due to inductor’s DC bias characteristic.

The ESR of the inductor (RDC) affects the minimum required supply voltage for maintaining the output voltage
of DD3V. Consider this power supply voltage along with the on-resistance described in the 2.3.5 Switching FET
(SWFET) section.

2.3.3 Input capacitor (Cv)

A ceramic capacitor that has a low ESR, typically less than 10 mQ, and excellent frequency characteristics—that
is, the capacitance does not diminish at switching frequency—should be used. Generally, the capacitance
should be selected among the value of the E6 series of preferred numbers. The recommended value is no less
than 10 pF. Calculate the necessary rated voltage of the input capacitor by using Equation 15.

Equation 15
VCIN >VIN

Where
Vein: Rated voltage of input capacitor (V)

Vin: Power supply voltage of DD3V (V)

2.3.4 Output capacitor (Cour)

A ceramic capacitor that has a low ESR and excellent frequency characteristics—that is, the capacitance is not
reduced up to the switching frequency—should be used. Generally, the capacitance should be selected from
among values of the E6 series of preferred numbers. The recommended capacitance value for the DC/DC
converter of the device is more than 132 uF (six 22-uF capacitors). Because the output of DD3V is connected to
the input of DD1V and DD5V, the output capacitance value of DD3V includes the input capacitances of DD1V and
DD5V. Reduce the required capacitance, if possible, by increasing the value of the current sense resistor.

Use a large capacitance (ten 47-uF capacitors recommended) to prevent power good 3 (PG3) false triggering by
mitigating the voltage deviation caused by load transients (e.g. from 0 A to max load currentin 10 ps). An
approximate output voltage undershoot / overshoot caused by the load transient response without the load
regulation characteristic is calculated by using Equation 16.

Equation 16
1 1
Aloyr > ( + )
2xfosca  8xfpw
AVour = c
out
Where:

AVour: Output voltage undershoot / overshoot caused by the load transient (V)
Aloyr: Transient value of the output current of DD3V (A)

fosca: Switching frequency of DD3V (Hz)

Application Note 12 of 25 001-99435 Rev. *F
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few: Feedback loop bandwidth of DD3V (Hz)
The Gain-Phase calculation tool can simulate its approximately value.

Cour: Output capacitor (F)

When you consider a ceramic capacitor, you should take into account the reduction of capacitance due to the
DC bias characteristics of the capacitor itself. Generally, a large-sized capacitor has a stable DC bias
characteristic. Calculate the necessary rated voltage of the output capacitor by using Equation 17.

Equation 17

VCOUT > VOUT _DD3
Where:
Vcour: Rated voltage of output capacitor (V)

Vout_ops: Output setting voltage of DD3V (V)

2.3.5 Switching FET (SWFET)

The total loss of the high-side FET can be reduced if it has the same conduction loss and switching loss. The
power loss of the high-side FET should be lower than the rating power loss. Use Equation 18 to calculate the
power loss of the high-side FET.

Equation 18

Prighrer = Pron_Hight Psw_High

Where:

Puigheer: Loss of high-side FET (W)

Pron_nigh: Conductive loss of high-side FET (W)

Psw_nigh: Switching loss of high-side FET (W)

Calculate the conductive loss of the high-side FET using Equation 19.

Equation 19
=) = ZXVOUT_DD3 %R
RON_High — 'OUT_MAX ON_High
VIN
Where:

Pron_nigh: Conductive loss of high-side FET (W)
lout_max : Maximum load current (A)

Vin: Power supply voltage of DD3V (V)
Vour_pps: DD3V output setting voltage (V)

Ron_nigh: High-side FET on-resistance (Q)
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Calculate the approximate switching loss of the high-side FET by using Equation 20.
Equation 20

Psw igh *15xVin x fosc2 x lout max * Qsw

Where:

Psw_tigh: Switching loss of high-side FET (W)

Vin: Power supply voltage of DD3V (V)

fosc2: Switching frequency of DD3V (Hz)

lout_max: Maximum load current (A)

Qsw: Switching gate charge of high-side FET (C)

The on-resistance of the high-side FET and the ESR of the inductor (RDC) affect the required minimum supply
voltage for maintaining the output voltage of DD3V. The lowest power supply voltage value can be calculated
using Equation 21. Make sure that each resistance value is within the allowable range in the use conditions.

Equation 21

Vin MmN = (Ron_High + RDC)x Ippay max

Where:

Vin_min: Minimum required power supply voltage of DD3V to maintain output voltage (V)
Ron_nigh: High-side FET on-resistance (Q)

RDC: ESR of inductor (Q)

lopav_max: Maximum load current of DD3V (A)

Total gate charge of the low-side FET being too large may cause switching of DD3V to stop. Low-side FET with
total gate charge less than 19 nC at gate-source voltage of Ves=5V is required (In the case of PMIC T,=+125°C,
low-side FET total gate charge must be less than 20 nC at Ves=5V). Additionally, FET with low on-resistance is
recommended for the low-side FET, thereby effectively decreasing the loss, especially in the low on-duty mode.
The loss of the low-side FET can be calculated by using Equation 22.

Equation 22
V
2
Plowrer = PRoniLow = IOUTiMAX x(1- T ) x RonfLow
IN
Where:

Pron_tow: Conductive loss of low-side FET (W)
lout_max: Maximum load current (A)
Vin: Power supply voltage of DD3V (V)

Vour_ops: DD3V output setting voltage (V)
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Ron_Low: LOw-side FET on-resistance (Q)

ON/OFF voltage of the low-side FET is generally minimal, so the switching loss is small enough to be ignored.
Therefore, it is omitted here.

The average current that flows through the switching FET should be calculated to determine whether it is
within the rated value.

Calculate the required rated current of the switching FET by using Equation 23.

Equation 23

ID_High > IOUT_MAX xD ID_Low > IOUT_MAX X(l_ D)

I

Where:

Io_nigh: High-side FET drain current (A)
Ip_Low: LOw-side FET drain current (A)
lout_max: Maximum load current (A)

D: On-duty

Calculate the required rated voltage of the switching FET by using Equation 24.
Equation 24

Vbss > VIN

Where:

Vpss: High-side FET and low-side FET voltage between drain and source (V)

Vix: DD3V input voltage (V)

2.3.6 Boot strap capacitor (Cssr)

To drive the gate of the high-side FET, the bootstrap capacitor must have enough stored charge: 0.1 uF as the
standard value. However, it is necessary to adjust that number when the high-side FET Qg is large. The limit is
0.47 uF. The required minimal bootstrap capacitance value can be calculated by using Equation 25.

Equation 25

Cpst 210xQg

Where:

Cest: Boot strap capacitance (F)

Qq: Total gate charge of high-side FET (C)
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Moreover, when the load suddenly changes to the light load in automatic PWM/PFM switching mode, the
switching operation is paused until the DD3V output overshoot voltage is eliminated by load discharge. After
that, sufficient charge of bootstrap capacitor is necessary to drive the gate of the DD3V high-side FET, and the
bootstrap capacitance value must be over the minimum value, which can be calculated using the Equation 26.

Equation 26

s (6.79x102 x Co 2-0595<C o7 +280<10° )xC o1
BST =

VouT pD3

)><ZI.03
R1+R2

(5-VTH_igh )X(le10_3+IOUT5_MIN +

Where:

Cest: Bootstrap capacitance (F)

Qe Total gate charge of high-side FET (C)

Cour: DD3V output capacitance(F)

Vri_nigh: Threshold voltage of DD3V high-side FET(V)
louts_min: DD5V minimum load current (A)

Vour_ops : DD3V output setting voltage (V)

R1, R2: DD3V output voltage setting resistance (Q)

When the DD3V input voltage drops below Vin_win, which can be calculated by Equation 21, the high-side FET
has to keep the on-state because the high-side FET on-duty becomes 100%. In this period, the bootstrap
capacitor is not charged and the high-side FET gate voltage may drop. Therefore, it necessary that DD3V power
supply voltage dropping time is shorter than the high-side FET on-duration time (Tonor). Tonor Can be calculated
by the following equation:

Equation 27

4V1H High

13
Tonpr ={1675-2¢In(——~ === )<Cegr x108

Where:
Tonor: DD3V input voltage dropping Period (s)
Cest: Bootstrap capacitance (F)

Vri_nigh: Threshold voltage of DD3V high-side FET(V)
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Figure 5 shows a graph example of the value calculated by Equation 26 and Equation 27.

Cast VS Coyr T vs C
0.50 1’000 ONDT BST
»
0.45 x 900
0.40 Cast(Max) 800
0.35 700
g @ 600
‘:; 0.30 Vour pp3=3.3V 1 3
§025 Viru_nigh=2-5V . E 500
lours_min=200pA P
0.20 R1+R2=320kQ+120kQ | 400
0.15 | 300
0.10 Cast(Min) — 200 Vrn_igh=2.5V
N
0.05 100
0.00 0
0 100 200 300 400 500 0.1 0.2 0.3 0.4 0.5
Cour (UF) Cast (UF)
Figure 5 Bootstrap capacitance graph

Calculate the required rated voltage of the boot strap capacitor by using Equation 28.
Equation 28

Veest >We

Where:

Veest: Rated voltage of boot strap capacitor (V)

Vie: Output voltage of VB regulator (V)

2.3.7 Current sense resistor (Rs)

This resistance affects the stable operation of the DD3V. Table 6 gives the recommended value.

Table 6 DD1V current sense resistance

Part Number Rs
S6BP501A 12 mQor10 mQ
S6BP502A 10 mQ

Use Equation 29 to calculate the DD3V output current limit with each current sense resistance.

Equation 29

| _ Viivs _ AIL
DD3V_LIM = g >

Where:

lopav_um: Output current limit of DD3V (A)
Vums: Threshold voltage overcurrent monitor of DD3V=0.08 V
Rs: Current sense resistance (Q)

Al: Ripple current peak-to-peak value of inductor (A)
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When increasing the current sense resistance to reduce output capacitance, you should pay attention to the
lower output current limit which might affect your system performance, as described above. Calculate the
rated dissipation of the current sense resistor by using Equation 30.

Equation 30

Pes > Toos wax - % Rs

Where:

Prs: Rated dissipation of current sense resistor (W)
lops_max: Maximum output current of DD3V (A)

Rs: Current sense resistance (Q)

2.3.8 Load switch capacitor (Cinav, Cvoursv)

DD3V block has a load switch that is connected to IN3V and VOUT3V of PMIC terminal. These terminals need to
be connected to capacitor. Table 7 gives the recommended value.

Table7 IN3V and VOUT3V capacitors
CIN3V CVOUT3V
0.1 pF 1pF

The rated voltage of these capacitors must be at least equal to the DD3V output voltage.

2.4 Common section

Figure 6 depicts the common section in the S6BP501A/S6BP502A application example. VIN, VOUT5V, VB, and
VDD are the terminal names of the PMIC (refer to the datasheet).

Battery

;CVIN

#—QO Output Vors
SBD /

lCOUT
;/;CVDD

Figure 6 Connection of regenerative diode and bypass capacitor

VOUTSV

VB

2.4.1 Regenerative schottky barrier diode (SBD)

SBD is a diode for supplying voltage from the VOUT5V pin to the VB and VDD pins. A sufficient current rating is
100 mA. The rated voltage must be at least equal to the VB voltage and the DD5V out voltage.
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2.4.2 VIN bypass (Cvin), VB bypass (Cvs), and VDD bypass capacitor (Cvop)

A ceramic capacitor that has a low ESR and excellent frequency characteristics should be used. The
recommended value for these capacitors is 1 uF. Table 8 gives the recommended capacitance values.

Table 8 Bypass output capacitance
CVIN CVB CVDD
0.1 puF 4.7 uF 0.1 uF-4.7 pF

Calculate the necessary rated voltage of the capacitor by using Equation 31.
Equation 31

VCVIN >VIN ’VCVB >VVB ’VCVDD >VVB

Where:

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

Veve: Rated voltage of VB bypass capacitor (V)
Vevoo: Rated voltage of VDD bypass capacitor (V)

Vis: VB voltage (V)

2.4.3 PG1V, PG2V, PG3V and HOT pull-up resistor

PG1V, PG2V, PG3V, and HOT are the terminal names of the PMIC (refer to the datasheet).Considering that the
leakage current of each terminal s less than 1 pA and the driving ability of this IC is 3 mA, the resistance should
be selected in the range of 2 kQ to 100 kQ with a 5V pull-up.
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3 PCB layout guidelines

This section explains how to design the PCB for a power management system with S6BP501A or S6BP502A.

3.1 DC/DC converter (DD1V)

Figure 7 shows an example layout of the DC/DC converter (DD1V) section shown in Figure 2.

Feedback line
(in another layer) Mounted components layer

/Gr}dplane layer

Output setting resistors
& compensation capacitor

PMIC

Switching node (LX1) plane Through-hole
(in another layer)

Figure 7 Layout example of DD1V

Place the switching components (Ci, L, PMIC, and Cour) on the same side of the PCB. These components should
be connected to a wide and short plane. In particular, the current loop that includes the input capacitor (Cn)
and PMIC (PVCC1V and PGND1V terminal) should be carefully chosen to minimize the loop size. Another PCB
layer, without any component mounted, should be used as a ground plane. The ground terminal of the
switching component should be connected to this ground plane by through-holes placed nearby.

Output setting resistors and a phase compensation capacitor should be placed near the PMIC. The feedback
line from the output of DD1V to the output voltage setting resistor should be wired separately from the power
line.

This line should be kept away from the switching components and the pattern of the LX1V terminal as much as
possible because it is sensitive to noise. There is leakage flux near the inductor (L) location on both its mounted
plane and its back plane. Sensitive wiring and components should be placed away from the inductor (L)
location on both its mounted plane and its back plane.
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3.2 DC/DC converter (DD5V)

Figure 8 shows an example layout of the DC/DC converter (DD5V) section shown in Figure 3.

Through-hole

PMIC

Feedback line
(in another layer)

Mounted components layer
,1- u= \

Ground plane layer

/

o Output setting resistors
Switching node (LX5) plane & compensation capacitor
(in another layer)

Figure 8 Layout example of DD5V

Place the switching components (Ci, L, PMIC, and Cour) on the same side of the PCB. These components should
be connected to a wide and short plane. In particular, the current loop that includes the output capacitor (Cour)
and PMIC (VOUT5V and PGND5V terminal) should be carefully chosen to minimize the loop size. Another PCB
layer, without any component mounted, should be used as a ground plane. The ground terminal of the
switching component should be connected to this ground plane by through-holes placed nearby.

Output setting resistors and a phase compensation capacitor should be placed near the PMIC. The feedback
line from the output of DD5V to the output voltage setting resistor should be wired separately from the power
line.

This line should be kept away from the switching components and the pattern of the LX5V terminal as much as
possible because it is sensitive to noise. There is a leakage flux near the inductor (L) location on both its
mounted plane and its back plane. Sensitive wiring and components should be placed away from the inductor
(L) location on both its mounted plane and its back plane.
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3.3 DC/DC converter (DD3V)

Figure 9 shows an example layout of the DC/DC converter (DD3V) section shown in Figure 4.

Mounted components layer Output setting resistors eedback line
"\ & compensation capacitor (in-another layer)

I

P

Ground plane layer

CSP, CSN lines
(in another layer)

High-side FET Low-side FET

Figure 9 Layout example of DD3V

The switching components (Ci, L, SWFETSs [high-side FET and low-side FET], Rs, and Cour) should be placed on
the same side of the PCB. These components should be connected to a wide and short plane. In particular, the
current loop that includes the input capacitor (Civ) and SWFET (from drain to source of high-side FET and from
drain to source of low-side FET) should be carefully chosen to minimize the loop size. Another PCB layer,
without any component mounted, should be used as a ground plane. The ground terminal of the switching
component should be connected to this ground plane by through-holes placed nearby.

The pattern of the DRVH3V and DRVL3V terminals should be wired to handle the momentary current flow of
approximately 1 A to drive the gate of the FET. DRVL3V terminal should be shorted to the synchronous FET gate.

The bootstrap capacitor (Csst) should be placed near the PMIC (BST3V and LX3V terminals).

The output setting resistors and the phase compensation capacitor should be placed near the PMIC. The
feedback line from the output of DD3V to the output voltage setting resistor should be wired separately from
the power line.

This line should be kept away from the switching components and the pattern of the LX3V terminal as much as
possible because it is sensitive to noise.

The wires from the current sense resistor should be separated from the plane with a large current flow. They
should also be wired parallel and close to each other and connected to the CSP CSN terminal. The wires to the
CSP and CSN terminals should be kept away from switching components as much as possible because the
wiring is sensitive to noise.
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There is a leakage flux near the inductor (L) location on both its mounted plane and its back plane. Sensitive
wiring and components should be placed away from the inductor (L) location on both its mounted plane and its
back plane.

The VOUT3V capacitor (Cyourav) should be placed near the PMIC (VOUT3V terminals).

3.4 Common section

Bypass capacitors (Cun, Cvoo, Cvs) Should be placed near the VIN, VDD, and VB terminals of the PMIC. The GND
terminals of the bypass capacitors should be connected to the inner GND layer by through-holes proximal to
the terminals.

Place a solder pad under the exposed pad (EP) of the PMIC. For heat dissipation, connect this EP footprint to
the inner GND layer by through-holes. (Refer to Figure 9.)
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