Application Note
Switching Regulator IC Series

Method for Determining Constants of
Peripheral Parts of Buck DC/DC Converter
This application note explains the procedures for determining the constants of peripheral parts of a buck DC/DC converter.
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Figure 1. Circuit diagram of buck DC/DC converter
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1. Significance of correctly determining the
constants for a buck DC/DC converter
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Compared with an LDO, a buck DC/DC converter typically has
more parts that are externally connected. Therefore, determining
the constants of parts is more complicated compared with the
case for an LDO. It is important to correctly select the parts.
We will show the design procedures in the next chapter.
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2. Procedures for determining the
constants
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2.1. Determination of the input capacitor
The input capacitor is connected between the input and the
ground for stabilizing the input voltage and as an EMI
countermeasure. Although ceramic capacitors are increasingly

Figure 2. Example of DC bias characteristic of ceramic

used for the input capacitors, it is necessary to consider the DC

capacitor

bias characteristic, i.e., decrease in the actual capacitance by
In addition, it is recommended to connect a capacitor of

the input voltage. For more details, contact the manufacturer of

approximately 0.1 µF adjacent to the IC for an EMI

each capacitor.

countermeasure.

The capacitors listed in the data sheet are selected ones

If more detailed information is necessary, see the following

whose actual capacitance is sufficiently secured. When you use
a capacitor with the same capacitance but with a low profile or

application notes:

smaller size, the actual capacitance may not be sufficiently



Capacitor Calculation for Buck converter IC

secured due to the DC bias characteristic. If the model number



The Important Points of Multi-layer Ceramic Capacitor
Used in Buck Converter circuit

is listed in the data sheet, check the DC bias characteristic and
ensure that the actual capacitance is greater than that of the

2.2. Determination of the output capacitor

listed capacitor.
For example, if a capacitor listed in the data sheet with a

The output capacitor is connected between the output and the

nominal value of 10 µF and the 3216 size is connected for an

ground for smoothing (reduction in the output ripple). As

input voltage of 5 V, the actual capacitance is 9.6 µF based on

described in 2.1, it is also necessary to check the actual

Figure 2. The actual capacitance of a capacitor with the same

capacitance from the model number listed in the data sheet, and

nominal value and the 1608 size decreases to 3.1 µF. In this

select a ceramic capacitor to be used as an output capacitor that

case, the stable operation of the IC may be impaired because

has an equivalent actual capacitance. If the capacitance values

the actual capacitance of the capacitor with the 1608 size is

differ, a gap is produced in the phase compensation described

significantly lower than that of the capacitor described in the data

in 2.5 and the stable operation of the IC may be impaired.
As with the input capacitor, see the following application notes

sheet.

for more detailed information:
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2.3. Determination of output voltage setting resistors
The output voltage setting resistors are connected between
Ripple
Current
(ΔIL)

Maximum
Current(IL)

the FB terminal and the output as well as between the FB
terminal and the ground (referred to as RUP and RDOWN,
respectively). The FB terminal is connected with the input of the
error amplifier inside the IC. The other input of the error amplifier
is connected with the reference voltage source. Because the
inputs of the error amplifier are imaginary short-circuited, the FB
voltage is matched to the reference voltage (referred to as VREF).
The output voltage VOUT can be calculated from the setting

Figure 3. Current waveform of the inductor

resistances and the reference voltage as follows.
Note that the inductance value tends to decrease with
VOUT =

(RUP +RDOWN )
RDOWN

application of current even within the region below the saturation

(1)

∙ VREF [V]

current. Therefore, allow a sufficient margin in the setting.
If more detailed information is necessary, see the following

As shown in Equation (1), it is impossible to decrease V OUT to

application notes:

VREF or lower using the setting resistors. In addition, V OUT of a
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buck converter cannot exceed VIN. Since the output voltage



Considerations for Power Inductors Used for Buck
Converters

range or the resistance value range may be specified, refer to
the data sheet.

2.5. Determination of the phase compensation

For an example of the resistance value, see the following

constants

application note:


For

Resistor Value Table to set Output Voltage of Buck

a

current

mode

DC/DC

converter,

the

phase

compensation resistor RITH and the phase compensation

Converter IC

capacitor CITH are used for the phase compensation. These
constants can be calculated using Equations (4) and (5).

2.4. Determination of the inductor
The inductor must be selected after considering the direct
current superimposition characteristic. When the maximum

R ITH =

output current of the IC is IL and the ripple current is ΔIL, the

2π∙VOUT ∙fCRS ∙COUT
VREF ∙GMP ∙GMA

(4)

[Ω]

saturation current of the inductor should satisfy Equation (2).

Saturation current of the inductor > IL +

ΔIL
2

[A]

CITH =

(2)

VOUT ∙(VIN −VOUT )
VIN ∙fOSC∙L

[A]

RITH

(5)

[F]

VOUT : Output voltage [V]
fCRS : Crossover frequency [Hz]
COUT : Output capacitance [F]
VREF : Internal reference voltage [V]
GMP : Current sense gain [A/V]
GMA : Transconductance of the error amplifier [A/V]
R OUT : Output load resistance [Ω]

The ripple current ΔIL can be calculated using Equation (3).

ΔIL =

COUT ∙ROUT

(3)

VIN : Input voltage [V]
VOUT : Output voltage [V]
fOSC : Switching frequency [Hz]
L: Inductance value [H]
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Note that the constants listed in the data sheet are inspected

2.7. Determination of the constant of other functions

for both the phase and gain margins, which are indexes of the

2.7.1. Determination of the soft start time setting capacitor

loop stability. Therefore, it is recommended to avoid adhering

Soft start time TSS can be calculated using Equation (6).

exclusively to the equations, but use the values described in the
data sheet.

TSS =

If more detailed information on the phase compensation is

CSS ∙VREF
ISS

(6)

[S]

necessary, see the following application note:


CSS : Capacitance of the capacitor to be connected
with the SS terminal [F]
VREF : Internal reference voltage [V]
ISS : SS Terminal source current [A]

Phase Compensation Design for Current Mode Buck
Converter

2.6. Determination of the bootstrap capacitor

Note that the minimum soft start time for each IC is set and you

Since the capacitance of the bootstrap capacitor is verified for

cannot set TSS to below the minimum. This setting is

the value that enables the normal operation of the internal circuit,

implemented because it is necessary to keep the soft start time

always use the capacitance value described in the data sheet.

longer than the rise time of the output voltage. See the data

As with the input capacitor, check the DC bias characteristics

sheet for more details. In addition, the output load capacitance

and ensure that the actual capacitance is greater than that of the

limits the minimum value of CSS as shown in Equation (7).

listed capacitor. When the actual capacitance is too small, the
electric charges are insufficient to boost the voltage. When the
actual capacitance is too large, the electric charges cannot be

CSS >

stored completely, blocking the normal operation. Since the
electric charges are fully used for the IC operation, do not

ΔIL
)∙VREF
2

(IOCP −IOSS−

(7)

[F]

VOUT : Output voltage [V]
ISS : SS Terminal source current [A]
CLoad : Total output capacitance connected
with other than COUT [F]
COUT : Output capacitance [F]
IOCP : Current limit value of the IC [A]
IOSS : Output current during soft start [A]
ΔIL : Ripple current [A]
VREF : Internal reference voltage [V]

connect other loads.
For an explanation of the bootstrap operation, see the
following application note:


VOUT ∙ISS∙(CLoad+COUT )

Bootstrap Circuit in the Buck Converter

Contact us before you use a setting other than the
recommended capacitance described in the data sheet.
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Notice

Notes
1) The information contained herein is subject to change without notice.
2) Before you use our Products, please contact our sales representative and verify the latest specifications :
3) Although ROHM is continuously working to improve product reliability and quality, semiconductors can break down and malfunction due to various factors.
Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.
4) Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.
5) The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.
6) The Products specified in this document are not designed to be radiation tolerant.
7) For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.
8) Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.
9) ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.
10) ROHM has used reasonable care to ensurH the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.
11) Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.
12) When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.
13) This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM Customer Support System
http://www.rohm.com/contact/

ZZZURKPFRP
652+0&R/WG$OOULJKWVUHVHUYHG

5%

