ROHIM Datasheet

SEMICONDUCTOR

Secondary power supply series for automotive

2.6V to 5.5V, 4A, 0.3MHz to 2.4MHz
Synchronous Step-Down Converter

BD90541MUV-C

General Description Key Specifications
The BD90541MUV-C is a synchronous step-down B Operating Temperature Range(Ta): -40°C to +125°C
converter which operates in current mode. It can operate B |nput Voltage Range: 2.6V to 5.5V
with maximum frequency of 2.4 MHz, and can downsize B Output Current: 4.0A(Max)
external parts such as inductor. It can supply a maximum B Reference Voltage Accuracy: +1.5%
output current of 4A with built-in Pch and Nch output ® Output Voltage Range: 0.6V to 5.0V
MOSFET. Output voltage and oscillation frequency can B Switching Frequency: 0.3MHz to 2.4MHz

be adjusted by external resistors and can also be
synchronized with an external clock. Package W(Typ) x D(Typ) x H(Max)
4.00mm x 4.00mm x 1.00mm

Features
B AEC-Q100 Qualified (Nete )
® Up to 2.4MHz movement
B Excellent Load Response by Current Mode Control
B Built-in Pch/Nch Output MOSFET.
B Frequency Synchronization with External Clock.
®  Output Error Monitor Terminal (PGOOD Terminal)
B Adjustable Output Voltage and Oscillation Frequency
by External Resistors.
B Built-in Self-Reset Type Overcurrent Protection.
B Built-in Output Overvoltage/Short Circuit Detection.
B Built-in Temperature Protection (TSD) and UVLO. VQFN20SV4040
(Note 1: Grade 1)
Applications
B Automotive Battery-Powered Supplies
(Cluster Panels, Car Multimedia)
B Industrial / Consumer Supplies
m Other electronic equipment
Typical Application Circuit
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OProduct structure : Silicon monolithic integrated circuit OThis product has no designed protection against radioactive rays
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Datasheet

Pin Configurations

(TOP VIEW)
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Pin Descriptions
Pin No. Symbol Function Pin No. Symbol Function
1 SW SW pin 11 SS Soft start time setting pin
2 SW SW pin 12 FB Output feedback pin
3 N.C - 13 N.C -
4 PVIN Power supply pin for output FET 14 RT Operating frequency setting pin
. RT setting frequency/
5 PVIN Power supply pin for output FET 15 SEL Synchronization select pin
6 VIN Power supply pin 16 SYNC External clock input pin
7 EN Enable pin 17 CTL2 Test pin
8 CTLA1 Test pin 18 PGOOD | Power good output pin
9 GND GND pin 19 PGND | GND pin for output FET
10 COMP | Error amp output pin 20 PGND | GND pin for output FET

E-Pad is a back radiation pad. Excellent radiation property is obtainable by connection to internal PCB ground-plane using

multiple via.

Use CTL1 terminal by applying 2.1 V or higher when enable is on.

Use CTL2 terminal by short-circuiting to GND.

If N.C pin is shorted to GND, heat radiation performance becomes higher.
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BD90541MUV-C Datasheet

Block Diagram
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Description of Blocks

* ERROR AMPLIFER
This is an error amplifier using reference voltage of 0.6V (Typ) and “FB” terminal voltage as input. (Refer to p. 21 to p. 22
for phase compensation setting method). Duty width of switching pulse is controlled with “COMP” of error amplifier output.
Output voltage is set using “FB” terminal. Phase compensation can be adjusted by connecting capacitor and resistor to
“COMP” terminal.

» SOFT START
This is a function for preventing overshoot of output voltage by gradually raising non-inverting input voltage of ERROR
AMPLIFIER to gradually increase duty of switching pulse at power on. Soft start can be set by connecting a capacitor
between “GND” terminals with “SS terminal”. (Refer to p. 22.)

- OSCILLATOR
Oscillation frequency of 0.3 MHz to 2.4 MHz can be set by connecting a resistor between “RT” terminal and “GND”
terminal in the circuit which generates pulse waveform to be input to SLOPE. (Refer to Figure 18 on p. 21)OSCILLATOR
output sends clock signal to DRV. OSCILLATOR output is also used as the clock of SCP counter.

- SLOPE
This is the block for generating saw-tooth wave from the clock formed by OSCILLATOR. Generated saw-tooth wave is
combined with feedback current of coil current and sent to PWM COMPARATOR.

* PWM COMPARATOR
This is a comparator that compares SLOPE output and ERROR AMPLIFIER output.

* DRV

This is a latch circuit having OSCILLATOR output (set) and PWM COMPARATOR output (reset) as input. It generates
PWM control signal and outputs gate signal for FET drive.
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* TSD (Thermal Shut Down)
This is an overheat protection circuit. In order to prevent IC thermal destruction/runaway, output is turned off when chip
temperature rises to about 150°C or higher. It is recovered when temperature returns to constant temperature. However,
since overheat protection circuit is essentially built-in for the purpose of protection of IC itself, carry out thermal design to
keep chip temperature below about 150°C as TSD detection temperature.

* OCP V1H(Over Current Protection)
This is an overcurrent protection circuit. When output Pch POWER MOS FET is turned on and voltage between drain and
source exceeds internal reference voltage value, overcurrent protection activates. This overcurrent protection is self-reset
type. When overcurrent protection activates, duty becomes small and output voltage is reduced. However, since these
protection circuits are effective in protection from destruction due to sudden accidents, avoid using them when continuous
protection circuit is in action.

» SCP (Short Current Protection)
This is a load short-circuit protection circuit. When the state of output of 60% or lower is detected in oscillation cycle x 256
(s), POWER MOS FET is turned off. If output voltage is recovered to 60% or higher before completion of 256 cycles,
POWER MOS FET is not turned off. This load short-circuit protection is cancelled after retention of oscillation cycle x 2048
(s), and it is restarted with soft start. Elongation of off time results in decrease of mean output current. During startup of
power source, this function is masked until output reaches set voltage to prevent startup failure.

» UVLO (Under Voltage Lock-Out)
This is a low voltage wrong operation prevention circuit. It prevents wrong operation of internal circuits during power
source voltage startup and when power source voltage is reduced. Power source voltage is monitored and when it is
reduced to 2.25 V (Typ) or lower, output POWER MOS FET is turned off. When UVLO is cancelled, it is restarted with soft
start. This threshold has hysteresis of 100 mV (Typ).

* VOLTAGE REFERENCE
It supplies reference voltage to internal circuits.

- OVP
When output voltage is detected to have exceeded set value + 10%, Pch FET and Nch FET of output is turned off. After
detection, when output is reduced and the overvoltage state is cancelled, switching action is restarted. There is hysteresis
of 2% in overvoltage detection voltage and cancel voltage.

- PGOOD
When output voltage is below 90% or above 110% of set value, output error state is assumed, and PGOOD terminal is
turned “Low”. There is hysteresis of 2% in detection voltage and cancel voltage. At the time of EN OFF and when UVLO
and TSD are in action, PGOOD terminal output is also turned “Low”. If VIN input voltage exceeds 2 V, PGOOD output
becomes effective. Since output is open drain type, connect pull up to VIN or an external power source with resistance of
10kQ - 100 kQ.
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BD90541MUV-C Datasheet

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Rating Unit
Supply Voltage VN, PVIN -03to7 V
EN Pin Voltage VEN -03to7 \%
SYNC Pin Voltage Vsyne -0.3to Vin Vv
SEL Pin Voltage VseL -03to7 V
FB Pin Voltage Vrs -0.3to Vin \Y,
COMP Pin Voltage Vcomp -0.3to Vin \%
SS Pin Voltage Vss -0.3to Vin Y,
RT Pin Voltage VRT -0.3to Vin \Y,
PGOOD Pin Voltage VpGoop -03to7 V
Maximum Junction Temperature Tjmax +150 °C
Storage Temperature Range Tstg -55 to +150 °C
ESD Rating (HBM) VESD, HBM +2000 \%

Caution: Operating the IC over the absolute maximum ratings may damage the IC. The damage can either be a short circuit between pins or an open circuit
between pins and the internal circuitry. Therefore, it is important to consider circuit protection measures, such as adding a fuse, in case the IC is operated over
the absolute maximum ratings.

Thermal Resistance®ote )

EE Symbol Thermal Resistance (Typ) Unit
1g(Note 3) ‘ 252pNote 4)
VQFN20SV4040
Junction to Ambient CRTN 153.9 374 °CIW
Junction to Top Characterization Parameter(Note 2) Yir 13 7 °C/W

(Note 1) Based on JESD51-2A(Still-Air)

(Note 2) The thermal characterization parameter to report the difference between junction temperature and the temperature at the top center of the outside surface
of the component package.

(Note 3) Using a PCB board based on JESD51-3.

Mtggﬁie'\rlr:j;?goc:r d Material Board Size
Single FR-4 114.3mm x 76.2mm x 1.57mmt
Top
Copper Pattern Thickness
Footprints and Traces 70um

(Note 4) Using a PCB board based on JESD51-5,7.

Thermal Via Note5)
Mle_z?slﬁ:e'\rlrzjé?wtt)go%frd Material Board Size Pitch Diameter
4 Layers FR-4 114.3mm x 76.2mm x 1.6mmt 1.20mm @0.30mm
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and Traces 70um 74.2mm x 74.2mm 35um 74.2mm x 74.2mm 70um

(Note 5) This thermal via connects with the copper pattern of all layers.
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Recommended Operating Conditions (Ta = -40°C to +125°C)

Parameter Symbol Min Max Unit
Supply Voltage VN, PVIN 2.6 55 \%
EN Pin Voltage (Note 1.2) VEN 0 5.5 \Y
SEL Pin Voltage VsEL 0 55 \%
SYNC Pin Voltage VsyNe 0 VIN \
Setting Frequency Range frr 0.3 2.4 MHz
External Clock Frequency Range fsyne 0.3 (Note 3) 2.4 (Note 3) MHz
Output Voltage Range Vo 0.6 (Note 4) 5.0 \Y,
Output Current lo 0 4 (Note 4) A
Input Capacitor Cin1 11 (Note 5) - uF

(Note 1) State enters test mode when EN terminal exceeds 6 V.

(Note 2) Within action power voltage range, the order of startup of power (Vin, PVin), EN terminal and SEL terminal does not matter.

(Note 3) As an external signal, input frequency within +25% of frequency set by RT resistance.

(Note 4) Output voltage is limited by SW minimum ON time depending on setting of input voltage and oscillation frequency. For the setting range, see setting
of output voltage of application part selection method (p. 20).

(Note 5) Ceramic capacitor is recommended. Set the capacitance value not to become below minimum value including variation, temperature property, DC
bias property and aging. Since malfunction may occur depending on substrate patterns and capacitor positions, please design the substrate
referring to cautions in substrate layout (p. 28).
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Datasheet

Electrical Characteristics

Unless otherwise specified, -40 °C<Ta<+125°C, Vw=PVin=5V, Ven=3.3V., Vcri1=5V)

Parameter Symbol Limit Unit Conditions
Min Typ Max
Standby Circuit Current Ison - 0 1 PA | Ven=0V, Ta=25°C
Circuit Current I - 700 1050 MA Vre = 0.63V, Ta = 25°C
EN ON Voltage VEN_ON 21 - - \%
EN OFF Voltage VEN_OFF - - 0.7 \%
EN Input Current len 3 7 14 MA Ven = 3.3V
UVLO ON Voltage VuvLo_oN - 2.25 240 \Y, Sweep Down
UVLO OFF Voltage VuvLo_oFrF - 2.35 2.50 Y, Sweep Up
FB Input Current IFs - 0 0.5 pA | Vs =0.6V
Reference Voltage VRer 0.591 0.600 0.609 \Y FB = COMP
COMP Source Current IcoMP_souRcE -40 -20 -5 MA
COMP Sink Current lcomp_siNk 5 20 40 MA
SS Charge Current Iss -3 -2 -1 MA Vss = 0.6V
SS Discharge Current Rss 100 200 300 Q Vss = 0.6V
Operating Frequency fosc 0.85 1.00 1.15 MHz | R6 =240kQ
SW Min ON Time 1 tsw_on1 - 100 - ns lo=0A
SW Min ON Time 2 tsw_onz - 80 - ns lo=1A
SW Min OFF Time tsw_orF - 100 - ns
SW ON-Resistance H Ron_sw_H - 90 180 mQ Isw=-50mA, Vrs = 0.58V
SW ON-Resistance L Ron_sw_L - 60 120 mQ Isw = +50mA, Vrs = 0.62V
g:i:ﬁurrent Detect lsw_ocr 45 75 i A
SYNC ON Voltage VsyNc_oN 0.8 x ViN - - \
SYNC OFF Voltage VsyYNC_OFF - - 0.2XxVIN \%
SYNC Input Current Isyne 4 10 20 PA | Vsyne =5V
PGOOD Sense FB Voltage | VFs pcoop1 +6 +10 +14 % Pull up to VIN with 10kQ
PGOOD ON-Resistance Rpcoop 60 120 240 Q Vpcoop = 5V
SEL ON Voltage VSEL_oN 21 - -
SEL OFF Voltage VseL_OFF - - 0.7
SEL Input Current IseL 3 7 14 MA VseL= 3.3V
62016 ROHI Co, Ltd. Al ights reserved. 8/36 TS202201-0J3J0AL01140-1-2
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Typical Performance Curves(Unless otherwise specified like the condition of each item of P8)

10 1050
950
08
£ _ 850
- <
C 3
€ 06 z
8 : é 750
= >
=] O —
J Z 650 —""
O 04 o
s &
:8 550
>
2 02 /
/ 450
0.0 — 350
40 -20 O 20 40 60 80 100 120 40 -20 O 20 40 60 80 100 120
Temperature (°C) Temperature (°C)
Figure 1. Standby Circuit Current vs Temperature Figure 2. Circuit Current vs Temperature
0610 0.610
0.608 0.608
0.606 0.606
S 0.604 S 0.604
2 3
& 0.602 & 0.602
Ke) Ke)
= 0.600 ~ 0.600
o / o
[ C
o ~ © 0.598
s 0.598 v %
N 0.596 o 0.596
0.592 0.592
0590 0.590

25 3.0 35 4.0 4.5 5.0 55

40 20 0 20 40 60 80 100 120 Supply Voltage : Vi (V)

Temperature (°C)

Figure 3. Reference Voltage vs Temperature Figure 4. Reference Voltage vs Supply Voltage

www.rohm.co.j

P
©2016 ROHM Co., Ltd. Al rights reserved. 9/36 15202201-0J3J0AL01140-1-2
TSZ22111 + 15 + 001 26.Apr.2016 Rev.001



BD90541MUV-C

Datasheet

Typical Performance Curves - continu
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Typical Performance Curves - continued
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Typical Performance Curves - continued
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Typical Performance Curves - continued
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BD90541MUV-C Datasheet

Description of Operation and Timing Chart

Enable control

IC operation is controlled by voltage applied on EN terminal. When Voltage of 2.1 V or higher is applied on EN terminal,
output starts in 60 ps(Typ) with soft start. Set the startup time on input voltages, VIN and PVIN, earlier than soft start
time. The circuits can be shut down by opening EN terminal or reducing its voltage to below 0.7 V.

Vin, PVin
VEN
=06V
Vss 60us
Setting voltagex0.92
Vo
Vecoob

Soft start setting time
Protection functions

Since protection circuits are effective in protection from destruction due to sudden accidents, avoid using protection
operation continuously.

(1) Short Current Protection (SCP)

FB

sSw

When the state of output of 60% or lower is detected in oscillation cycle x 256 (s), POWER MOS-FET is turned off. If
output voltage has recovered to 60% or higher before completion of 256 cycles, POWER MOS-FET is not turned off.
This load short-circuit protection is cancelled after retention for oscillation cycle x 2048 (s), and it is restarted with soft
start. Elongation of off time results in decrease of mean output current. During startup of power source, this function is
masked until output reaches set voltage to prevent startup failure.

Soft Start
SCP detect time SCP detect time :

fswx256¢cyc fswx256¢cyc
0.6V f=======
SCP detect voltage: W
0.36V(Typ)
OCP

Threshold

Coil current 7/—\\7/—\~\7/—\~\/ /\N\ff

Internal IC k
SCP signal fswx2048cyc

SCP Reset
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BD90541MUV-C Datasheet

(2) Under Voltage Lock-Out (UVLO)

It prevents wrong operation of internal circuits during power source voltage startup and when power source voltage is
reduced. Power source voltage is monitored and when it is reduced to 2.25 V (Typ) or lower, output POWER MOS FET
is turned off. When UVLO is cancelled, it is restarted with soft start. This threshold has hysteresis of 100 mV (Typ).

VIN

ov K____

$ hysteresis

Vo

——
FB Soft Start

B

Normal operation UVLO Normal operation

(3) Thermal Shut Down (TSD)

In order to prevent IC thermal destruction/runaway, output is turned off when chip temperature rises to about 150°C or
higher. It is recovered when temperature returns to constant temperature. However, since overheat protection circuit is

essentially built-in for the purpose of protection of IC itself, carry out thermal design to keep chip temperature below
about 150°C as TSD detection temperature.

(4) Over Current Protection (OCP)

When output Pch POWER MOS FET is turned on and voltage between drain and source exceeds internal reference
voltage value, overcurrent protection activates. This overcurrent protection is self-reset type. When overcurrent
protection activates, duty becomes small and output voltage is reduced. However, since these protection circuits are

effective in protection from destruction due to sudden accidents, avoid using them when continuous protection circuit is
in action.

(5) Over Voltage Protection (OVP)

When output voltage is detected to have exceeded set value + 10%, Pch FET and Nch FET of output is turned off. After
detection, when output is reduced and the overvoltage state is cancelled, switching action is restarted. There is
hysteresis of 2% in overvoltage detection voltage and cancel voltage.

OVP detect
threshold hysteresis QVP reset
threshold
Internal IC
OVP signal
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B Synchronization to External Clock

For external synchronization operation, connect frequency setting resistor to “RT” terminal, apply voltage of 2.1 V or
higher on “SEL” terminal, and input synchronous pulse signal to “SYNC” terminal. There is no restriction in the order of
input in “SYNC” terminal and “SEL” terminal. When voltage is applied to both terminals, it starts external synchronization
action. In case no external signal is connected to “SYNC” terminal when voltage of 2.1 V or higher is applied to “SEL”
terminal (no input is assumed in the case of being fixed at low or high), external synchronization action does not occur.
When voltage on “SEL” terminal is reduced to 0.7 V or lower, external synchronization operation ends. In this case,
operation is carried out with frequency of internal CLK from the cycle next to internal CLK. In order to finish external
synchronization operation, turn off external signal of “SYNC” terminal after “SEL” terminal input voltage becomes “Low”.
Note that output voltage varies during synchronization to external signal and switching to internal CLK frequency.
When using external synchronization, setting range of oscillation frequency is restricted by external resistance of “RT”
terminal. The setting range becomes within £25% of RT setting frequency.

Example) When R6 = 240 kQ,
Since set oscillation frequency is 1.0 MHz, allowable range of external synchronization operation frequency is 0.75 MHz
to 1.25 MHz.

Set LOW voltage of synchronous pulse signal to 0.2 V x Vi or lower, and HIGH voltage to 0.8 V x Vin or higher.

Set slew rate of rise (fall) at 30 V / us or more, and duty within the range of 20% to 80%.
After 4 detections of rise of synchronous pulse, synchronization starts from the fifth rise.
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RT resistance setting frequency ' Frequency of the H RT resistance setting frequency
(Internal CLK frequency) outside signal (Internal CLK frequency)
Timing chart of synchronization to external clock
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Selection of Components Externally Connected

Necessary parameters in designing the power supply are as follows:

Parameter Symbol Specification Case
Input Voltage ViN 5V
Output Voltage Vo 1.2V
Output Ripple Voltage AVep 10 mVpp
Input Range lo Typ 1.5 A/ Max 4.0 A
Switching Frequency fsw 2.0 MHz
Operating Temperature Range Ta -40 °C to +105 °C
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(1) Selection of Inductor
The switching regulator needs an LC filter for smoothing of output voltage in order to supply continuous current to load.
When an inductor with large inductance value is selected, AlL flowing in the inductor becomes small and output ripple
voltage is reduced. Furthermore, there is a trade-off between size and cost of inductance.

The inductance value of the inductor is shown in the following equation:

I = (Vinmax)—Vo)xVo [H]
Vinmax)XfswXAlL

Where:
Vin (Max) IS the maximum input voltage

Al is the ripple current of inductor
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Set AlL to about 30% of maximum output current.

When AlL becomes small, core loss (iron loss) of inductor, loss of output capacitor due to ESR and AVep become small.

AlL
8XCOXfSW

AVPP = AIL X ESR +

Where:
ESR is the equivalent series resistance of output capacitor
C, is the output capacitor

V] e- e @)

Since ceramic capacitors generally have ultra-low ESR, target AVep can be satisfied even if AlL is large to some extent.
The advantage is that inductance value of inductor can be set small. Small inductance value contributes to space-saving
of sets, because large rated current enables selection of small size inductors. The disadvantages are increase of core
loss of inductor and reduction of maximum output current. When using other capacitors (electrolytic capacitor, tantalum
capacitor, electro-conductive polymer, etc.) as the output capacitor Co, confirm ESR with data sheet of the manufacturer,
and determine Al to fit AVep within allowable range.

Especially, since capacitance reduction of electrolytic capacitor is significant at low temperature, AVep increases. Pay
attention when using it at low temperature

The maximum output electric current is limited to the overcurrent protection working current as shown in the following

equation.
Alp
lomaxy = Isw_ocrmivy == [A]
Where:

lomax) 18 the maximum output current
Isw_ocpmin) is the OCP operation current (Min)

IswLIMIT (Min)

IL peak

In the case of continuous operation with duty = 50%, current control mode may generate sub-harmonic oscillation. This
IC has a built-in slope compensation circuit for the purpose of prevention of sub-harmonic oscillation.

Since sub-harmonic oscillation depends on increase rate of output switch current I, sub-harmonic oscillation may be
generated when inductance value is reduced to increase slope of I..

On the other hand, when inductance value is increased to reduce slope of I., sufficient stability may not be secured.
For stable operation, restrict inductance value within the range where the following formula is applicable

L>227t gy x M eumTVo
2(1-D)
V
p= —9
Vi

m=1.69X f,,, x 1076 — 0.19

Where:
D is the switching pulse ON Duty.
R is the coefficient of current sense(2.53 pA/A)
m is the slope of slope compensation current

Shield type (closed magnetic path type) inductors are recommended. There is no problem with open magnetic path type
if the application is cost-emphasized and free of annoying noise. In this case, consider layout with enough allowance
between parts, since there may be influence of magnetic field radiation on adjacent parts. Pay special attention to
magnetic saturation for ferrite-core type inductors. Core saturation should be avoided under all use conditions. Attention
is needed since rated current specification is different depending on manufacturers. Confirm rated current at maximum
ambient temperature of application with the manufacturer.
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(2) Selection of output Capacitor Co
Select output capacitor based on required ESR from formula (a). AVep can be minimized by using capacitors with small
ESR. Ceramic capacitor is the best option for satisfying the requirement. In addition to exhibiting low ESR, ceramic
capacitors contribute to space saving of sets because of being small. Confirm frequency characteristics of ESR with
manufacturers’ data sheets, and select a capacitor with low ESR at switching frequency used.
Use ceramic capacitors carefully because DC bias property is remarkable. It is usually desirable that rated voltage of a
ceramic capacitor is more than twice as high as maximum output voltage. Influence of DC bias property can be reduced
by selecting a capacitor with high rated voltage. Furthermore, in order to keep good temperature characteristics,
capacitors with property higher than that of X7R are recommended.

Tantalum capacitors and electro-conductive polymer hybrid aluminum electrolytic capacitors have very good
temperature characteristics, for which electrolytic capacitors are disadvantageous. Further, since their ESR is smaller
than that of electrolytic capacitors, relatively small ripple voltage can be obtained in wide temperature range. Similar to
electrolytic capacitors, they are almost free from DC bias characteristics, and make designing easier. Usually, ones with
rated voltage about twice as high as output voltage are selected for tantalum capacitors and ones with rated voltage
about 1.2 times as high as output voltage are selected for electro-conductive polymer hybrid aluminum electrolytic
capacitors. The disadvantage of tantalum capacitors is that failure mode is short-circuiting and withstand voltage is low.
Generally, they are not selected for applications such as car-mounted applications in which reliability is required. Since
failure mode is open for electro-conductive polymer hybrid aluminum electrolytic capacitors, they are effective to meet
the reliability requirement, but they have a disadvantage of generally being expensive.

Pch step-down switching regulator lowers input voltage Vin, and when difference between input and output voltages
becomes small, switching pulse begins to disappear before 100% on-duty is reached.

As a result, when switching pulse disappears, output ripple voltage may increase.

When improvement of output ripple voltage is necessary, following measures should be considered for output capacitor
Co.

- Use of capacitors with low ESR such as ce