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Designing a Power Management System with MB3800 Boost Topology

Author: Atsushi Tsurumaru
Associated Part Family: MB3800
Related Documents: MB3800 Datasheet

AN217968 explains how to select components for a power management system with MB3800, Cypress’s one-

channel power management IC (PMIC.)

1 Introduction

MB3800 is 1-ch low-voltage PMIC with a built-in soft-start function and short-circuit detection function. The minimum
operating voltage is as low as 1.8 V that helps provide optimum power to battery-powered electronic devices. The
output voltage can be set by an external resistor. Figure 1 shows a block diagram of 1-ch boost DC/DC controller
using MB3800. You should keep certain considerations in mind when you design a power supply system with

MB3800.
Figure 1. Power Management System Block Diagram

MB3800 PMIC

1.8V~15V =— BOOST. —» 5V~40V

2 Component Selection for Boost DC/DC Converter

Figure 2 depicts the boost DC/DC converter circuit as an MB3800 application example. This section explains how to
choose each component shown in the figure.

Figure 2. Boost Circuit
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2.1 Output Setting Resistors (R1, R2)

A pair of voltage-dividing resistors (R1 and R2) configures the output voltage (Vo) according to Equation 1.
Equation 1

R1+ R2
X—

Vg =V; R2

Where:

R1, R2: Output voltage setting resistance (Q)
Vr: Input threshold voltage at -IN pin = 0.5 (V)
Vo: Output setting voltage (V)

2.2 Inductor (L)

Generally, the inductance of the inductor will be selected along with the value of the E6 series. 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

Vo x Io_MAX Al
% TR A== Vv
IN _ MIN o % fosc

1L VINfMIN Vo _VIN_MIN
MAX = X

Where:

ILmax: Rated current of inductor (A)

lo_max: Maximum load current (A)

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

Vvin_min: Minimum power supply voltage (V)

Vo: Output setting voltage (V)

fosc: Switching frequency (Hz)

2.3 Input Capacitor (Cin)

A ceramic capacitor that has a low equivalent series resistance (ESR), typically less than 10 mQ, and excellent
frequency characteristics—that is, the capacitance is not reduced up to the switching frequency—should be used.
Generally, the capacitance will be selected along with the value of the E6 series. A value greater than 20 pF is
recommended. Calculate the necessary rated voltage of the input capacitor by using Equation 3.

Equation 3
VCIN >VIN

Where
Vein: Rated voltage of input capacitor (V)

Vin: Power supply voltage (V)

2.4 Output Capacitor (Cour)

A ceramic capacitor that has a low ESR and excellent frequency characteristics should be used. Generally, the
capacitance will be selected along with the value of the E6 series. A value greater than 20 yF is recommended. When
considering 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 capacitor has a stable DC bias characteristic. Calculate the
necessary rated voltage of the output capacitor by using Equation 4.

Equation 4
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VCOUT > VO

Where:
Vcout: Rated voltage of output capacitor (V)

Vo: Output setting voltage (V)

2.5 NPN Switching Transistor (Tr)

Calculate the maximum collector current value using Equation 5 to confirm whether the collector current of the NPN
switching transistor is within the rated parameters for the transistor.

Equation 5

Vox | O_ MAX Vin _MIN Vo =V _MIN
< Vin i 2L Vo % fosc
Where:

Ic: Rated current of transistor (A)

lo_max: Maximum load current (A)

L: Inductance of inductor (H)

Vvin_min: Minimum Power supply voltage (V)

Vo: Output setting voltage (V)

fosc: Switching frequency (Hz)

Calculate the required hfe value using Equation 6 to confirm whether the peak collector current can be supplied by
the base current of the NPN switching transistor.

Equation 6

hfe>i>< Voxlg max  Vin mn Vo =Vin wn
Is Vin wi 2L Vo x fosc

Where:
hfe: hfe of NPN switching transistor (A)
Is: Base current that can be supplied from MB3800=0.02 (A)
lo_max: Maximum load current (A)
L: Inductance of inductor (H)
Vvin_min: Minimum Power supply voltage (V)
Vo: Output setting voltage (V)
fosc: Switching frequency (Hz)
Calculate the necessary rated voltage of the transistor by using Equation 7.
Equation 7
VCEO >VO

Where:
Vceo: Voltage between Tr collector -emitter (V)
Vo: Output setting voltage (V)

2.6 Flyback Diode (Di)

Calculate the necessary rated voltage of the flyback diode by using Equation 8.
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Equation 8
Vi >V,
Where
Vr: DC reverse voltage (V)
Vo: Output setting voltage (V)
Calculate the necessary rated average current of the diode by using Equation 9.

Equation 9
I 21,

Where

Ioi: Diode average current (A)

lo: Load current (A)

Calculate the necessary rated peak current of the diode by using Equation 10.

Equation 10

Voxlo Vv un Vo Vi
+ X

loin =
o VIN_MIN 2L Vo x fosc

Where

Ioip: Diode peak current (A)

Vo: Output setting voltage (V)

lo: Load current (A)

Vvin_min: Minimum Power supply voltage (V)
L: Inductance of inductor (H)

fosc: Switching frequency (Hz)

The reverse recovery time of diode (tr (oiy) should be earlier than the turn-on time of the switching Tr (ton ().
Calculate the reverse recovery time of diode (tr (o)) by using Equation 11.

Equation 11

ton(Tr) > trr(Di)
Where:
ton(rn: Turn-on time of the switching Tr (ns)
troi): Reverse recovery time of diode (ns)

2.7 FB Capacitor (Crs)

A ceramic capacitor that has a low ESR and excellent frequency characteristics should be used. Calculate the
necessary rated voltage of the capacitor by using Equation 12.

Equation 12
VCFB >VIN
Where:
Vin: Power supply voltage (V)
Vcre: Rated voltage of FB capacitor (V)
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2.8 SCP Capacitor (Cpe)

The soft-start time and short detection time can be set by the SCP capacitor (Cre).

2.8.1 Soft Start
At power on, the capacitor CPE connected to the SCP pin (pin 2) starts charging. The PWM comparator compares
the soft start setting voltage as a proportion of the voltage at the SCP pin with the sawtooth waveform. The
comparison controls the ON duty of the OUT pin (pin 5), causing the soft start operation. On completion of the soft
start operation, the voltage at the SCP pin stays low, the soft start setting voltage stays high, and the circuit enters
the output short circuit detection wait state. Soft start time is the time until the output ON duty reaches approximately

50%.
Equation 13

tg ~ 035 x C,
Where:

ts: Soft start time (s)
Cre: SCP capacitor value (UF)

A ceramic capacitor that has a low ESR and excellent frequency characteristics should be used for SCP capacitor.
Calculate the necessary rated voltage of the capacitor by using Equation 14.

Equation 14
VCPE >VIN

Where:
Vin: Power supply voltage (V)
Vcre: Rated voltage of SCP capacitor (V)

2.8.2 Short Circuit Protection
Calculate the short-circuit detection time by using Equation 15.

Equation 15

t.e = 08 < C¢
Where:
tee: Short circuit detection time (s)
Cre: SCP capacitor value (UF)

A ceramic capacitor that has a low ESR and excellent frequency characteristics should be used for SCP capacitor.
Calculate the necessary rated voltage of the capacitor by using Equation 16.

Equation 16
VCPE >VIN
Where:
Vin: Power supply voltage (V)
Vcre: Rated voltage of SCP capacitor (V)
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