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This application note covers the steps required in choosing the inductor and to calculate the value used in buck regulator IC
circuits.

e Buck (Step-Down) Converter
Switching regulators are used in a variety of applications to provide stable and efficient power conversion. A buck converter
is a specific type of switching regulator that steps down the input voltage to a lower level output.

Fig. 1 shows a typical buck converter circuit when switching element Q1is ON. When N-ch MOSFET Q1is ON, current
flowing from input V| to coil L charges the output capacitor Co and supplies output current lo.  In this scenario, the current
flowing through coil L produces a magnetic field and electric energy is converted to magnetic energy to be stored.

Fig. 2 illustrates the same circuit when switching element Q1 is in an OFF state. When Q1 is OFF, free-wheeling diode D1 is
activated, and the energy stored in coil L is released.
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Fig. 1: Basic Buck Converter Circuit Fig. 2: Basic Buck Converter Circuit
Switching Element ON Switching Element OFF

o Inductor Current Waveform
Fig. 3 shows the inductor’s current waveform. loutis the average inductor current value. When switching element Q1 is
ON, current flow is shown during ON period ton of Q1, and voltage V\on) of coil L can be calculated by the following equation:

Viony = ~(Vin = Vsw —Vour) (1)
VIN: Input Voltage (V)
Vsw: Q1 ON-state Voltage Drop (V)
VourT: Output Voltage (V)

The relation between current I and voltage VL of coil L, which has self-inductance, can be calculated using the equation

below:
Vi = —Lﬂ ) Vi (oFF)
dt A d|L=—V"(ON) dt d|L=—L dt
I
From equation (2), it is clear that by applying additional voltage } \
to the inductor, the reverse-current direction increases by slope

VIL. le 4

Current flowing through the coil during ton can be calculated
using equation (1), (2), and by the following method; ILT lour Al
represents current right before switching element Q1 turns ON,

ILP represents current right before switching element Q1 turns
OFF. lur
(sz —Vin + VOUT)X ton >
lp =l =- @) t
L ton torr
;er\ll?tcr;]eir)](;s(;tﬁe%:;?ige(t)?:rlr:nlne current flow in coil L when the Fig. 3: Inductor Current Waveform
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From Fig. 2, the coil voltage when Q1 in OFF- state is VL(OFF), can be calculated using the following method:

Viorr) = Vb + Vour 4)

VD: Forward Voltage Drop across D1 (V)
VouT: Output Voltage (V)

Using equations (2) and (4), the current flowing through coil L when Q1 is OFF is as follows:

Lo — _(VD+VOUT)XtOFF (5)
P —It = L

Current flow in the coil L is almost the same as the output current; consequently,
ILp +1ir =2xloyr (6)
From equations (3) and (6), ILP during Q1 ON-state is

(VIN —Vsw = Vour )X ton

2xL "

Itp =lour +
Using equations (5) and (6), ILP can be calculated during the period when the switching element is OFF:

(Vo + Vour )x torr ®8)
2xL

Ip =lour +

e On-Duty Calculation
On-duty D is the ratio of time the switching element is ON ton versus the switching oscillatory cycle Tsw:

D= ton __ town

= = ton xfew =1-(torr xfow) 9)
Tsw  ton *+tore

Using (7), (8), and (9), the duty can be calculated using the expression below:

Vb + Vour

D=——" ">~
Vin = Vsw + Vo

(10)

By ignoring the voltage drop Vsw of the switching element and voltage drop of the diode in equation (10), it is clear that on-
duty is fixed by the ratio of output voltage over input voltage:

V
D= —\(/)UT (11)
IN

o Maximum Coil Current Value
Use equations (9) and (10) to determine ton:

D Vp +V
ton == T (12)
fsw (VIN —Vaw + VD)X fsw

The equation below determines the maximum value of ILP by substituting (12) into (7):

o= 4 (Vi = Vsw — Vour )* (Vo + Vour)
LP out (VlN _VSW +VD)><2XLXfSW

(13)

Equation (14) is used to determine the minimum value ILT by substituting (13) into (6):

be =l — (Vin = Vsw = Vour )x (Vo + Vour)
LT out (V|N _VSW + VD)XZXLXfSW

(14)

wwiw.rohm.com o/4 Nov. 2012 - Rev.C
© 2012 ROHM Co., Ltd. All rights reserved.



Inductor Calculation of Buck Converter Application Note

Current-difference between max. and min. (ILP—ILT) is as follows:

(p —l7)= (Vi = Vsw = Vour )* (Vo + Vour) (15)
i (Vin = Vew + Vo )x L xfaw

Equations (13) and (15) show that large inductance L and high switching frequency will reduce maximum current (ILP)and
current difference between max. and min. (ILP—ILT).

e Inductance L Value Calculation
Define the ratio of current-difference flowing in coil L (ILP-ILT) versus output current louT as current ripple-ratio “r’.

_AL -l (16)
IOUT IOUT

Substitute (15) into (16):

(VIN - Vsw — Vour )X (VD + VOUT)

r=
(VIN - Vsw +VD)><fsw xLxloyr

(17)

Then, solve (17) for L to calculate the inductance value:

L= (Vin = Vsw — Vour )* (Vo + Vour) (H) (18-1)
(VIN - Vsw +VD)><fsw xr xloyr

When the output voltage is high, the calculation can be simplified.

L= (VIN - VOUT)>< Vour (H) (18-2)
V|N X fSW XTI X |OUT

The inductor value can be increased to reduce the ripple-ratio; however, this will typically result in an inductor size that is

physically too big for practical use. Consequently, “r’ is usually set between 0.2 and 0.5 for buck converters.

e Maximum Current Flow through the Coil
Maximum current flow through the coil can be calculated using the following equation:

rxlout

\Y x(Viy =V
leeak :|OUT + 5 (A) or :IOUT+ ouT ( IN OUT) (A) (19)

2XV|N XfSW xL

Current flowing through the coil is a combination of output current and ripple-current. When an abnormality occurs (ex.
output short) in a transient load condition and there will be a power surge due to the absence of soft-start feature, and it is
possible that the actual current flow through the inductor will exceed the maximum calculated current. Under transient
conditions, coil current may increase up to the IC’s switching current limit. Therefore, the safest approach is to select an
inductor with a saturation current rating that exceeds the switching current limit, and not the maximum coil current.

o Effective RMS current flowing through the coil
Effective current value of triangular wave can be calculated by the following method.

2 2
| _ \/ Ip”™ +lr” +lp >y (20)
Lrms 3

By substituting equations (13) and (14) into (20), we arrive at the following:

2
1 Vin — Vsw -V Vp +V
lLme = lour? + —— x (Vin = Vsw = Vour ) (Vp + Vour) (A) 21)
12 (Vin = Vew + Vp )xLx fgy
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e Example for Coil selection:

Determine the operating conditions of the buck converter:

- VIN = 12V Input Voltage

- VouT =3.3V  Output Voltage

- louT = 2A Output Current

- r=0.3 Output Current Ripple Ratio

- Vsw = 0.30 ON State Voltage Drop of Switching Element Q1

- VD=0.26* Forward Voltage Drop of Free Wheel Diode

- fsw = 380 kHz Switching Frequency

* For synchronized rectifier type power conversion, specify ON-state voltage drop of lower side element Q2 (Fig. 4).

Calculate the inductance value of the coil by substituting the above parameters into equation (18-1) or (18-2).

(12-0.30 -3.3)x (0.26 + 3.3)
(12-0.30 +0.26)x 380000 x 0.3 x 2

As per equation (18-1), L = =10.663 (uH)

(12-3.3)x3.3

As per equation (18-2), L =
12x380000x0.3x2

=10.493 (uH)

Using equation (19), the maximum current flowing through the coil is as follows:

lLpeak =louT +

As per equation (21), the effective current value flowing through the coil is

2
o = 02, 1 (12—0.30—3.3)><(0.26+é3.3) _2.008 (A)
12 | (12-0.30 +0.26)x 10.663 x10~° x 380000

Coil selection should be based on the results of the calculations. For this design, 10uH is chosen as the closest standard
inductance value. If the selected inductor value is different from the calculated result, adjust the current ripple value “r’
using equation (17), and substitute the revised value into equation (19) to recalculate the maximum current flowing through

the coil.
B (12-0.30-3.3)x(0.26 +3.3) _0.329
(12-0.30 +0.26)x 380000 x10x 106 x2
lepoc =2+ % ~233 (A)
O_I [ Q1
] oFF
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Fig. 4: Basic circuit configuration of a buck converter using
synchronous rectification power conversion. In this
example, the upper switching element is in OFF-state.
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Notice

Notes

No copying or reproduction of this document, in part or in whole, is permitted without the
consent of ROHM Co.,Ltd.

The content specified herein is subject to change for improvement without notice.

The content specified herein is for the purpose of introducing ROHM's products (hereinafter
"Products"). If you wish to use any such Product, please be sure to refer to the specifications,
which can be obtained from ROHM upon request.

Examples of application circuits, circuit constants and any other information contained herein
illustrate the standard usage and operations of the Products. The peripheral conditions must
be taken into account when designing circuits for mass production.

Great care was taken in ensuring the accuracy of the information specified in this document.
However, should you incur any damage arising from any inaccuracy or misprint of such
information, ROHM shall bear no responsibility for such damage.

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 and
other parties. ROHM shall bear no responsibility whatsoever for any dispute arising from the
use of such technical information.

The Products specified in this document are intended to be used with general-use electronic
equipment or devices (such as audio visual equipment, office-automation equipment, commu-
nication devices, electronic appliances and amusement devices).

The Products specified in this document are not designed to be radiation tolerant.

While ROHM always makes efforts to enhance the quality and reliability of its Products, a
Product may fail or malfunction for a variety of reasons.

Please be sure to implement in your equipment using the Products safety measures to guard
against the possibility of physical injury, fire or any other damage caused in the event of the
failure of any Product, such as derating, redundancy, fire control and fail-safe designs. ROHM
shall bear no responsibility whatsoever for your use of any Product outside of the prescribed
scope or not in accordance with the instruction manual.

The Products are not designed or manufactured to be used with any equipment, device or
system which requires an extremely high level of reliability the failure or malfunction of which
may result in a direct threat to human life or create a risk of human injury (such as a medical
instrument, transportation equipment, aerospace machinery, nuclear-reactor controller, fuel-
controller or other safety device). ROHM shall bear no responsibility in any way for use of any
of the Products for the above special purposes. If a Product is intended to be used for any
such special purpose, please contact a ROHM sales representative before purchasing.

If you intend to export or ship overseas any Product or technology specified herein that may
be controlled under the Foreign Exchange and the Foreign Trade Law, you will be required to
obtain a license or permit under the Law.

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