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»
1. About This Tool mulRata ‘
1_1. Outllne MNOVATOR IN ELECTRONICS

® This tool supports the selection of power inductors and multilayer ceramic capacitors of Murata
suitable for the desired operating conditions of DC-DC converter circuits.
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[Basic Function]
The following outputs can be acquired by selecting the circuit of a DC-DC converter, entering each
operating condition, and selecting the part number of a power inductor.

Ripple current  -> Inductor Current - Time
Output voltage -> Output Voltage - Time

Efficiency -> Efficiency - Output Current

Power inductors suitable for a DC-DC converter can be narrowed down based on these outputs.
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»
1. About This Tool mulata ‘

1_2. NOteS for USe NNOVATOR IN ELECTRONICS

® Characteristics graph of a power inductor displayed by the software

Each of the measurement systems differs in the following data measurements.

v' Characteristics data of the power inductor used by the tool (see p.32)
v' Characteristics data used in the power inductors of the SimSurfing characteristics viewer

Note that a difference may occur between both characteristics data due to the above
differences.
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»
2. Quick Operation Guide muRata

2-1. Screen Configuration (1/2)

-
I& [7] Inductor Voltage (VL) Inductor Current (IL) QOutput Voltage (Vout) Efficiency || [] Inductor Loss |[[] Inductor Characteristic ||[~] Capacitor Characteristic

Graph Menu Inductor Current (IL) * Qutput Voltage (Vout) *  Efficiency x
[¥] Graph Option 126 1.802 100

[¥] Auto Resize 116 / /\
- ZOOM +
e / \ \ 1801 a0 TN (1)

Wioeious / \ / Graph
o output

088 \\/ \\// W\( ? function

076 1799
02 04 06 08 1 02 04 0.6 08 1
70

Timeus] Time(us] m fom  100m 1 10
Y Axis: | Normal : ¥ Axis: | Normal : Idc[A]

\\ Configuration - CIrCUIt
Converter Type Buck j Setup Condition | Simple j Modulation | PFM & PWM j Se|eCtIOn

Input DC Voltage (vin) [ 3.6 vl 1C standby Current| 100 [uAl fleld /
QOutput DC Voltage (Vout) 1.8 vl IC Switching Transition Timel 2 [ns] . .
Output DC Current (1dc) 1 [A] Input function
[
[

Vout[v)

IL[A]

Efficiency[%]

Switching Frequency 2 MHz] . .
SW1ONResistance| 0.1 ohm] Of CIrCUIt
SW2 ON Resistance . Operatlng
£mQ) Inductor Selection -"—Q Capacitor Selection v|General ] Automotive @ Ussge ote L, Help Test Version mulata Cond IthﬂS
Part Number Efficiency Inductor Current (IL) Inductance Size Code T Size 1_Temperature 1 Saturation DC Resistance Max. Application
¥/l DFE201610P-1R0M = 100 0% = |mnfinity A = (47 uH | ¥ (Select All) 3 = |g mm = |20000 MA = 10000 mMA = (638 ohm | ¥ (Select Al
_ % _ A _ o | os03/2608 _ . . _ o |l = e | Geneml
Reset v'| 0805/2012 v'| Infotainment
=0 % =0 A 2 [p23  uH |+ 0808/2016 2oa  mm 2@ ma B ma |z ohm ||| Powertrain/Safe
Efficiency Current | 1008/2520 3
Enter Part Number Calculation Calculation 7| 1206/3216 - ( )
Datasheet | Part Number Efficiency[%] Inductor Current (IL) |Inductance Size Code T Size I_Temperature I_Saturation DC Resistance Application ~ Part num ber
[A] [uH] [inch/mm] [mm] Max. [mA] [mA] [ohm] Max. )
Q] || DFEL8SBN1ROMED 1 0603/1608 08 1700 2300 0.12 General Selectlon
] || DFE201610E-1ROM 1 0806/2016 1 2700 3600 0.057 General fu n Ctl on
E _|] DFE201610P-1ROM 1 0806/2016 1 2200 3100 0.07 ‘General
E [ 1286AS-H-1ROM 1 0806/2016 1.2 2300 2500 0.082 General (POWer
) |'| DFE201612E-1R0M 1 0806/2016 12 2900 4000 0.048 General .
0] || DFE201612P-1R0M 1 0806/2016 12 2700 3300 0.054 General |nduCt0 r)
E ] DFE201612R-H-1ROM 1 0806/2016 1.2 2600 2600 0.07 General
G ") DFE252008C-1R0M 1 1008/2520 08 1400 2300 0.084 General
0] | 1269A5-H-1ROM 1 1008/2520 1 2500 2700 0.078 General
E |_] BFE2532010F-1ROM 1 1008/2520 1 3100 4100 0.048 General

-> The screen consists of three functional blocks including (1) Graph output,

(2) Circuit selection field / input of circuit operating conditions, and (3) part number selection.

5
Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019



»
muRata P

INNOVATOR IN ELECTRONICS

2. Quick Operation Guide
2-1. Screen Configuration (2/2)

“M ‘D Inductor Voltage (VL) | | Inductor Current (IL) | ‘ Output Voltage (Vout) | ‘ Efficiency | ‘ [ Inductor Loss | ‘ [F] Inductor Characteristic ‘ ‘ [ Capacitor Characteristic

‘Graph Menu Inductor Current (IL) * Output Voltage (Vout) ¥ Efficiency X
[¥] Graph Option 126 1.802 100
Auto Resize / A
1.1
- ZOOM +
/ \ \ 1801 " LN
Resize _ ! = £
Windows < =] I
2 2 5
0 \ =
18 v =
-]
0
076 1.799
02 0.4 0.6 08 1 0.2 0.4 0.6 0.8 1
Time{us] Timefus] Rt 10m  100m 1 10
Y Axis: | Mormal : ¥ Axis: Nurmal. Idc[A]

(8] % [&]

‘\ Configuration .
Converter Type Euck: Setup Cendition | Simple :

Vin Input DC Voltage (Vin) | 3.6

EIESEY
Modulation | PFM &F’WM:

IC Standby Current| 100 [uA]

IC Switching Transition Time 2 [ns]

B[%xa] .

[
WL L
R v woul Qutput DC Current (Idc) 1 [A]
I/_H_W\'_l__,,' Switching Frequency 2 [MHz]
3“"1f " I e SW1 ON Resistance 0.1 [ohm]
= = SW2 ON Resistance 0.1 [ohm]
JmQ Inductor Selection I -"—Q Capacitor Selection I +|General |v|Automotive 0 Usage Note “A_Help
Part Number Capacitance Rated Voltage Temperature Size Code T Size Cap. Tolerance Type
CRM186RE0GZ26MELS xlT pes £ lng— .| = IT v V| (select Ay~ ||| (Select Al ~ =2lez  mm [/ (select A | (Select Al
Resat = l— | = l— v v|B | 0402M/01005 = l— mm |[¥] +/-10% v Acoustic noise reduction
IErte'Paft Number = IT o] |2 IT v v'| X5R | ¥'| 05025M/01500: > IF mm v +/-20% ¥| Acoustic noise reduction (interposer)
PR 7 - il L P
Datasheet | Part Number Capacitance Rated Voltage Temperature Size Code T Size Cap. Tolerance Type
(Nominal) v] Characteristics [mm]/[inch] [mm] Max. (3)

[ {=) GCM32ER11A226MELL 22uF 10 R 3225M/1210 2.7 +/-20% Powertrain/Safety for Automotive
@ (] ZRB186RE0G226MELL 220F 4 X5R 1608M/0803 0.8 +/-20% Acoustic noise reduction (interposer) Part num ber
@ || GRM186R60G226MELS 22uF 4 SR 1608M/0603 0.6 +/-20% General Purpose .
3] |'] GRM188RE0G226MEAD 22uF 4 SR 1608M/0603 10 +/-20% General Purpose se | eCt' on
@ || GRM187RE0226MELS 22uF 63 X5R 1608M/0603 08 +/-20% General Purpose fu n Ctl on
@ |'] ZRB186RE0I226MELL 22uF 6.3 X5R 1608M/0603 0.8 +/-20% Acoustic noise reduction (interposer)
8] ] GRM186RE01226MELS 22uF 6.3 X5R 1608M/0603 0.6 +/-20% General Purpose (M LC C)
E L] GRM188RE601226MEAQ 22uF 6.3 X5R 1608M/0603 1.0 +/-20% General Purpose
@ || GRM187RE1A226MELS 22uF 10 SR 1608M/0603 0.8 +/-20% General Purpose
3] || ZRB1BER61AZ26MEDS 22uF 10 SR 1608M/0603 0.95 +/-20% Acoustic noise reduction (interposer)

-> A list of power inductors is displayed in (3) functional block of the part number selection.
Changing the tab will display a list of multilayer ceramic capacitors (hereinafter, MLCC).
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v
2. Quick Operation Guide muRata g
2-2. How to Use Each Component (1/3)

(1) Graph output function

-> The graphs of (1)-1 are output based on the settings and various conditions indicated p.8 and p.9.
Changing these settings and conditions allows for the basic operation of the software.

See the following for the detailed operation.
- Examples of use: p.10 to p.19
- Operation of each functional block: p.20 to p.35

(1)-2 Selection of display graph \ (1)-1 Calculation iesults graph
X

ok T Load Transient ™ X

bAGrapn Cptfan 125 1.802 100 1.00 12

M Auto Resize 115 /\ A w =t====- - 1
T _ 108 / \ }{ \\ s 1201 1 ) EI.SQ i i\ 08
esize % H P H | 08 &
wigows | |7 088 \ .r/ \\ // T .-—/\ S ’/k E f \ = 17— Y 0

0.8 V/ \/ Y \r o _u E 02

o [ 04 0.8 0E 1 m;g-: [ [X] 0.8 0.3 ﬂ%m 10m 100m 0 l'ﬁg{c- 50 180 280 380 480 ’

Time[us] Time[us] IdzfA] Time[us]

\

(1)-3 Graph optional functions

<Default settings>
- (1)-1 and (1)-2 display graph -> <Inductor Current (IL)>, <Output Voltage (Vout)>, <Efficiency>
- (1)-3 Graph Options -> Not checked
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2. Quick Operation Guide
2-2. How to Use Each Component (2/3)

»
muRata P

INNOVATOR IN ELECTRONICS

(2) Input function of circuit selection field / circuit operating conditions

I'\Cnlﬁumﬁnna

Setup Condition | Simple |=
Input DC Voltage (Vin) 3.6
Output DC Voltage (Vout) 1.8
Output DC Current (Idc) 1
Switching Frequency 2
SW1 ON Resistance 0.1

SW2 ON Resistance

Comverter Type I Buck llv

Modulation [PFM & PWM] +|

vl IC Standby Current [uA]
vl IC Switching Transition Time 2 [ns]
[A)

[MHz]

[ohm]

[ohm]

(2)-1 Selection of DC-DC converter circuit

<Default settings>
(2)-1 Convert Type
(2)-2 Setup Condition
Modulation

- Input DC Voltage (Vin)
- Output DC Voltage (Vout)
- Output DC Current (Idc)
- Switching Frequency

\

(2)-2 Input of circuit operating conditions

-> <Buck>: Buck circuit
-> <Simple>:

-> <PFM&PWM>

-> 3.6 [V]

-> 1.8 [V]

> 1[A]

-> 2 [MHz]

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019
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»
2. Quick Operation Guide muRata
2_2 HOW to Use EaCh Component (3/3) INNOVATOR IN ELECTRONICS

(3) Part number selection function (Power inductors/MLCC) (3)-1 Selection for General/Automotive

I _er Inductor Selection I -“—Q Capacitor Selection I v|General  v|Automotive Usage Note _Help mulata
Part Efficiency Inductor Current (IL) Inductance Size Code T Size I_Temperature 1_Saturation DC Resistance Max. Application
M DFE20¥G10P-1ROM = [0 % = [mfinty A < |47— uH |7 (select Ay - < la— mm < [z0000 mA < [10000 mA < IF ohm |[¥] (Select A
— I— — l— v’ 0603/1608 v'| General
Resat N o B A = uk v 0805;2012 = mm = mA = mA = ohm v | Infotainment
2 I“ % Z o A = IF uH ¥ 0806/2016 = lr mm =[s0 mA H ID_ ma = ln_ ohm ||V Powertrain/safe
Enter Part Number > LCay) > el v 100872520
@ Calculation Calculation V| 1206/3216 -
Datasheet | Part Number Efficien Inductor Current (IL) | Inductance Size Code T Size I_Temperature 1_Saturation DC Resistance Application rs
[A] [uH] [inch/mm] [mm] Max. [mA] [mA] [ohm] Max.

E || DFE18SBN1ROMED 1 0603/1608 0.8 1700 2300 0.12 General

E || DFE201610E-1ROM 1 0806/2016 1 2700 3600 0.057 General

E |_| DFE201610P-1ROM 3100 0.07 General

@ (3)-2 Changes list of power inductors/MLCC % o062 Genersl

6] 4000 0.048 General

6] | '| DFE201612P-1ROM 1 0806/2016 12 2700 3300 0.054 General

6] _'| DFE201613R-H-1ROM 1 080E/2016 12 2600 2600 0.07 General

6] ['| DFE252008C-1ROM 1 10082520 0.8 1400 2300 0.084 General

E ) 1269A5-H-1R0M 1 1008/2520 1 2500 2700 0078 General

E || DFE252010F-1R0M 1 1008/2520 1 3100 4100 0.048 General

ol |''| DFE252010P-1ROM 1 1008/2520 1 2700 3800 0.054 General T

MO, Inductor Selection I qFQ Capacitor Selection I v|General |/| Automotive © usagenote A Help mulata

Part Number Capacitance Rated voltage Temperature Size Code T Size Cap. Tolerance Type
GRM186R60G226ME1S x| 2 pecs =[330 W w| S0 V V) (selectAll)  * |[/] (selectal) A =[67  mm [/] (select All) 7| (select All ..o

Reset = W W = \" VB | 0402M/01005 = mm | +/-10% v | Acoustic noise reduction

‘ ik Mo 2 (01 W v 225 v v'| X5R = v'| 05025M/01500 I 2 (022 mm ¥ #/-20% v | Acoustic noise reduction (interposer) il

Datasheet |Part Number Capacitance Rated Voltage | Temperature Size Code T Size Cap. Tolerance Type -
(Nominal) vl Characteristics [mm]/[inch] [mm] Max.
E] (& GCM32ER11A226ME11 22uF 10 R 3225M/1210 27 +/-20% Powertrain/Safety for Automotive
E ‘| ZRB186R60G226MEL11 | 22uF >4 ‘)(SR [ 1608M/0603 .0.3 ‘+/A20% .ACOUStIC noise reduction (interposer)
@ ‘ |22uF [a [xsR | 1608M/0603 [0 +/-20% General Purpose
@ ) onm BG2ZOMEAD 22uF 4 XSR 1608M/0603 1.0 +/-20% General Purpose
[# || GRM187R601226ME15 22uF 6.3 X5R 1608M/0603 0.8 +/-20% General Purpose
[E] [ ZRB186R60)226ME11 22uF 6.3 X5R 1608M/0603 0.8 +/-20% Acoustic noise reduction (interposer)
@ (] GRM186R60)226ME15 22uF 6.3 X5R 1608M/0603 0.6 +/-20% General Purpose
[# [ GRM188R60226MEAD | 220F [63 |xsr | 1608M/0603 10 +/-20% | General Purpose
<Default settings>

(3)-1 General/Automotive -> Both checked
(3)-2 Inductor Selection  -> Part No.: DFE201610P-1R0M
Capacitor Selection -> Part No.: GRM186R60G226ME15

9
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»
3. Use Cases mulata ‘

3-1. Design of DC-DC Converter for Mobile Devices (1/10)

<Design of DC-DC converters for mobile devices>

%

‘g s oann
T Sad UL

/ Operating conditions of DC-DC converter: \
- Buck circuit
- Low current: PFM, Normal operation: PWM
- Input voltage: 3.6V, Output voltage: 1.0V
- Output current: 1.5A
- Switching frequency: 1MHz

| want to select a power inductor with an inductance of 1.0pH, size 2016 (mm) / height 1.0 mm max
\in which the efficiency and ripple are optimized for a DC-DC converter with the above conditions. /

10
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»
3. Use Cases mulata ‘

3-1. Design of DC-DC Converter for Mobile Devices (2/10)

-> Set the conditions on the previous page to narrow down the part number of the power inductors
suitable for the conditions.

Output voltage (Vout)
Buck circuit PFM/PWM 18->1v Output current (Idc)

\ \ 1.8 ->1.5A
|‘\ Sl '\\ i

\
Converter Type  |Buck [+ Setup Condition |Simple  |= Modulation |MWMB

Input DC Voltage (Vin) | 3.6 vl IC S urrent 100 [uA]
! Output DC Voitage (Vout) 1 ftching Transition Time 2 [ns]
W1 of s o Output DC Current (Idc) TS SW freq uen Cy
Switching Frequency |mke—S 2] >
— — -
s I dc SW1 ON Resistance 0.1 [ohm] 2 1 M H Z
' SW2 ON Resistance 0.1 [ohm]
m Inductor Selection -"-Q Capacitor Selection v General |v|Automotive @ usage Note “\._Help mullala
Part Number Efficiency Inductor Current (IL) Inductance Size Code T Size DC Resistance Max. Application
=Ml DFE201610P-1R0OM S e % = Infinity A = uH | [ (Select All) - = a3 ohm [ (Select aN)
- - /
I = % = A 0603/1608 _ ohm v'| General
= 0805/2012 ¥ | Infotai t
20 % Zh A s = h znmen
. oMM 7 roveransan
Efficiency Current
Enter Part Number ’ Calculation Calculation 100812520
120643216 e
Datasheet | Part Number Efficiency[%] Inductor Current (IL) / Inductance Size Code T Size I_Temperature 1_Saturation DC Resistance Application
[A] [uH] [inch/man] [mm] Max. [maA] [ohm] Max.
@ [ LQM2MPN1ROMEH 1 0806/201 0.8 1800 0.125 General
E [} LQM2MPNROMGH 1 0806/201 1 2000 0.08 General
[ | DFE201610E-1ROM 1 0806/201 1 3600 0.057 General
[ | | DFE201610P-1ROM 1 0806/2014 1 3100 0.07 General

Inductance Size 2016 (mm) Height
Blank -> 1pH check 8 ->1mm
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»
3. Use Cases muRata

3-1. Design of DC-DC Converter for Mobile Devices (3/10)

-> While "DFE201610P-1ROM" (and MLCC "GRM186R60G226ME15") are selected, the ripple
current, output voltage and efficiency graphs will be displayed.

[] Inductor Voitage (VL) ||[] Inductor Current (1L)| [¥] Output Voitage (Vout) |.r' Efficiency | Inductor Loss| [7] Inductor Characteristic | 'Capaowcnarnctennid
Graph Menu Inductor Current (IL) x Voltage (Vout) » MEfficiency x

[¥] Graph Option 21 1.002, 100
/\ /[
/ \\

.JM:::T:Q e [\ /\ 1.001 A\

Resize 7 // \ / \ \ A/ A/
D \_/ w L \
JAVENERY, W ’" |

‘Windows
0.4 08 12 16 2 04 08 12 18

IL(A)

Vout[V]

Efficiency|%)
3

Timefus] Time[us] “m Tom Toom 0
¥ Axis: | Normal j Y Axis: | Normal j Idc[A]
DEAE ax|a] a%|a]
——
Converter Type  |Buck Setup Condition | Simple : Modulation | PFM & PWM :
Input DC Voltage (vin) | 3.6 ™ IC Standby Current| 100 [uwA]
Gutput DC Voltage (Vout) 1 v IC Switching Transition Time [ 2 [ns]
Wl of - Output DC Current (Idc) 1L} ta)
- Switching Frequency ol [MHz]
i L e SW1ONResistance| 0.1 fehm]
: SW2 ON Resistance [ 0.1 fohm]
=
MO, Inductor Selection FQ, capacitor Seiection #|General || Automotive OQusace Note A Held muRata
Part Number Efficiency Inductor Current (IL) Inductance size Code T Size I_Temperature I [+ 7 Max
Ml DFE201610P-1ROM Slwo % = mfinity A 53 uH (W] (select All) =R mm 520000 mA = 10000 mMA 538 ohm [/] (selectal)
= 9% = A =N W 0603/1608 - mm - mA - mA - ohm ¥ ceneral
Reset zfp % zfh A 0805/2012 ¥] Infotainment
2y WH | /{oe0s/2018 204  mm 21500 mMA Zlis00 mA ()Zo ohM () powertrain/safe
Efficiency Current
Enter Part Number ’ ‘Calculation ’ Calculation 1008/2520
1206/3216 2]
Datasheet | Part Number Efficiency[%)] Inductor Current (IL) | Inductance Size Code T Size I_Temperature I_Saturation DC Resistance Application
[A] [uH] [inch/mm] [mm] Max. [mA] [mA] [ohm] Max.
E ) LQM2ZMPN1ROMEH 1 0806/2016 08 1500 1800 0.125 General
E ] LQM2MPN1ROMGH 1 0806/2016 1 1900 2000 o0.08 General
3] ) DFE2016108-1ROM 1 0806/2016 1 2700 3600 0.057 General
E |_] DFE201610P-1ROM 1 0806/2016 1 2200 3100 0.07 General
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»
3. Use Cases muRata

3-1. Design of DC-DC Converter for Mobile Devices (4/10)

-> The graph shows that there is no great difference in the ripple current for all of the part numbers.
Next, look at the efficiency graph.

MIZ Inductor Voltage (VL) || @] Inductor Current aL) || output Voitage (Vout) | [ Eficiency|| [T Inductor Loss |71 Inductor Characteristic] [T capacitor Characteristic|
Graph Menu | Inductor Current (IL) * | Output Voltage (Vout) » Effidency x

[#] Graph Option 21 1.0027 100

A
S— \ I\ 7 T AS

= s N s f7

NV Y

S A
A

2

IL{A]

Vout[v]

Efficiency|%]

—

0.4 0.8 12 16 2 0.4 0.8 12 16 <0
Time[us] Time[us] 1m 10m 100m 10
Y Axis: |Nomal | w | / Y Axis: |Normal | v | Idc[A]
alx]a] / [ % 5 _
|\K Configuration - /
Converter Type  |Buck || #‘up Condition |Simple || Modulat'lon/DFﬂ,& PWM |~ |
Vi Input DC Voltage (Vin) IC Standby Current [uA]
l Output DC Voltage (Vout) ] IC Switching Transitio: 2 [ns]
L — ot Output DC Current (Idc)
— —
(0, Capacitor Selection v General v’ Automotive Qussceote Tl Heb muRata
Inductor Current (IL) Inductance Size Code T Size I_Temperature I_Saturati DC i e Max. Application
[<Bll DFE201610P-1ROM w0 % = Infiniey A = uH | (selecta) <« =y mm = |20000 mA = 15000 mMA =636 ohm 7] (selectAl)
Ol LOM2MPN1ROMEH —
= 0603/1608 — | General
<Ml LOM2MPN1ROMGH % A =1 uH sson/0ta = mm = mA = mA = ohm = i
[<Ml DFE201610E-1LROM z Infolmment
% U A Ef uH | 7fosoe/z016 | Zlo4 mm Z 1500 mA Z (1500 mA B ohM | powertrain/saf
Effidency Current
Entar Part Number P caiculation calculation 1008/2520
1206/3216 =
Datasheet | Part Number Efficiency]%] Inductor Current (IL) | Inductance Size Code T Size 1_Temperature 1_Saturation DC Resistance Application
[Al [uH] [inch/mm] [mm] Max. [mA] [mA] [ohm] Max.
™ _'| LQM2MPN1ROMEH 1 0806/2016 0.8 1500 1800 0.125 Generzl
) > Click : os0s/2016 : 1900 2000 oos General
G 1 0806/2016 1 2700 3600 0.057 Generzl
@ _| DFE201610P-1R0M 1 0806/2016 1 2200 3100 0.07 Generzl
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»
3. Use Cases mulata ‘

3-1. Design of DC-DC Converter for Mobile Devices (5/10)

-> Expands the efficiency graph only. In this graph, "DFE201610P-1ROM" and "DFE201610E-1ROM"
can be selected as a high efficiency power inductor which satisfies the initial conditions.

Remove the check

|M ||:| Inductor Voltage (VL) | | Inductor Current (IL) | | Output Voltage (Vout) | | Efficiency | | [7] Inductor Loss | | [ Inductor Characteristic | | [] Capacitor Characteristic

Graph Menu Efficiency b4
[¥] Graph Option 100 Graph Setting x
[¥] Auto Resize ya I T e L X Axis
B 700M @ a0 ————— '\‘ ___""‘“---..._._______ ~No ) Linear @ Log  Reset
: = N =3
wr_tecslize 5; 80 S \-\ ) Minimum Value 0.001
— E /// ol __B- [Maximum Value 1.5 |
2 Auto Interval
£ 7012 .u o Interva
Axis Step 0
//
60 v Y Axis
%
m 10m 100m 1
Idc[A]
B L % T
Part Number
DFE201610P-1R0M]
/M LQM2MPN1ROMEH
</l LQM2MPN1ROMGH

A DFE201610E-1ROM]

14
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»
3. Use Cases mulata ‘

3-1. Design of DC-DC Converter for Mobile Devices (6/10)

o

[
4 A

Next, it was determined to evaluate a high frequency DC-DC converter aiming for downsizing.

| want to select a power inductor in which the efficiency and ripple current are optimized when
some of the conditions are changed as follows.

- Switching frequency 1MHz -> 4MHz

- Inductance 1pH -> 0.47uH

. /

15
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»
3. Use Cases mulata ‘

3-1. Design of DC-DC Converter for Mobile Devices (7/10)

-> Click the [X] of LomzmpnironGo to delete all the graph curves.

Iﬁ ||:| Inductor Voltage (VL) || Inductor Current (IL) | ‘ Output Voltage (Vout) || Efficiency | | 7] Inductor Loss HD Inductor Characteristic | | 7] Capacitor Characteristic

Graph Menu Inductor Current (IL) *  Output Voltage (Vout) »* Efficiency x
[¥] Graph Option
Auto Resize

= ZOOM +

Resize
Windows

¥ Axis: | Normal : Y Axis: INorma\ :
|\\ Configuration -

Converter Type IEuck : Setup Condition | Simple : Modulation IPFM&F’WM:

vin Input DC Voltage (vin) | 3.6 vl 1C Standby Current | 100 [uAl
Output DC Voltage (Vout) | 1 [v1 IC Switching Transition Time 2 [ns]

e ol output DC Current (Idc) [ 1.5 [A]
Switching Frequencyl 1 [MHz]
SW1 ON Reswstancel 01 [ohm]

—
w1 f I
= I SW2 ON Reswstance| 0.1 [ohm]

JmQ, Inductor Selection -"—Q Capacitor Selection v General || Automative @ usagenote =, Help Test Version mulRata
cihlumbar Efficiency Inductor Current (IL) Inductance Size Code T Size 1_Temperature I_Saturation DC Resistance Max. Application
= | 100 LT = | mfinity A =0y uH | (M (Select A - =1y mm = |2p000 mMA = lio0000 mMA = |53 ohm || (Select Al)
— % — A _ 0603/1608 _ _ _ _ | General
Reset s uft 0805/2012 B mm- 8= mA - mA = ohm | 1 Infotainment
= =
e % e A =R uH ¥ Zlgs  mm 2180 mA z g mA B ohm | ¥| Powertrain/Safe
Efficiency Current 1008/2520
Enter Part Number Calculation Calculation 1206/3216 -
Datasheet |Part Number Efficiency[%%] Inductor Current (IL) | Inductance Size Code T Size 1_Temperature [_Saturation DC Resistance Application
[A] [uH] [inch/mm] [mm] Max. [mA] [mA] [chm] Max.
[ | ] LOM2MPNIROMEH 1 0806/2016 0.8 1500 1800 0.125 General
E [ ] LQM2MPN1ROMGH 1 0806/2016 1 1500 2000 0.08 General
[ (] LQHZMPNIRONGR 1 0805/2016 0.95 900 1550 0.3 General
= o= e : - P — = .
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»
3. Use Cases muRata

3-1. Design of DC-DC Converter for Mobile Devices (8/10)

-> Change the inductance and switching frequency.

Mlﬂ Inductor Voitage (VL) |{[¥] Inductor Current (IL) ||[¥] Output Voitage (Vout) ||[¥] Efficiency || ["] Inductor Loss |{["] Inductor Characteristic ||| Capacitor Characteristic |
Graph Menu Inductor Current (IL) * Output Voltage (Vout) »  Efficiency x
[¥| Graph Option

[¥] Auto Resize
= ZOOM +

Resize
Windows_

Y Axis: | Normal : Y Axis: | Normal :
®x]|a] (@ %] &] (@] %] =

[ o

Converter Type  |Buck [ Setup Condition | Simple | =] Modulation | PFM & PWM [+ . .
Input DC Voltage (Vin) [ 3.6 ™ IC Standby Current| 100 [uA] SW|tCh|ng freq Uency
Output DC Voltage (Vout) 1 ™ IC Switching Transition Time 2 —
Output DC Current (1dc) [ 1.5 [A] 1->4MHz
Switching Frequency : Inductance
SW1 ON Resistance| 0.1 [ohm)
SW2 ON Resistance 0.1 [ohm] 1 -> 047“‘H

M), Inductor Selection -||-Q Capacitor Selection /| General || Automotive Q usage Note -
Part Number Efficiency Inductor Current (IL) Inductance Size Code I_Temperat I_saturati DC Resistance Max. Application
Slwo % S Infinity A S(pe7  uH (W) (Selecta 1 mm = 20000 mA = 19000 mMA 5 (g38 ohm || (Select all)
= % = A - [0603/1608 - mm - mA - mA - ohm 7| General
Reset 2 % zs A | 0805/2012 | Infotainment
2047 UH | [/(e0e/z016 Zlos mm (21500 mA Zlis0 mA (2o oM || powertrain/safe
Efficiency Current
Enter Part Nurnber ’ Calculation b Calculation | 1008/2520
) ) 1206/3216 ¥
Datasheet | Part Number Efficiency[%)] Inductor Current (IL) | Inductance Size Code T Size I_Temperature I_Saturation DC Resistance Application
[A] [uH] [inch/mm)] [mm] Max. [maA] [mA] [ohm] Max.
[# (') LQM2MPNRA7MEH 0.47 0806/2016 0.8 2150 2300 0.063 General
B | [ wamzmPNRa7MGH | [0.47 |0s08/2018 1 [2500 |3400 [0.048 |General
[#] [) DFE2016108-R47M 0.47 0806/2016 1 3600 4800 0.032 General
[# ') DFE201610P-R47M 0.47 0806/2016 1 3100 4000 0.04 General
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»
3. Use Cases muRata

3-1. Design of DC-DC Converter for Mobile Devices (9/10)

-> The graph shows that there is no great difference in the ripple current for all of the part numbers in
this case as well. Similarly, look at the efficiency graph.

ML ] Inductor Voitage (VL) || [¥] Inductor Current (1L) ||[¥] Output Voitage (Vout) | [[¥] Effiiency || 7] Inductor Loss || 7] Inductor Characteristic| |[=] Capacitor Characteristic |

Graph Menu Inductor Current (IL) » | Output Voltage (Vout) » | Efficiency %
[¥] Graph Option 191 1.0051 100
[@] Auto Resize 181 : : 10041

= ZooM + 171 AN ‘N 1.0031 ’
: 181 l 1.0021 / ] 80 i
=[5 7N N Y Vi g\
NN/ o VAN

@%" 7\/ - \‘ [ 1N wif \

121 y y 0.9981

ILA]

Vout[V]

Efficiency|%]
|
S
~

0.1 0.2 0.3 0.4 05 0.1 02 0.3 0.4 05 .
Time[us] ime(us] m 10m 100m 1 10
¥ Axis: [Normal [+ / ¥ Axis: [Normal[= Idc[A]
(&[x]|=a / (@ % | 2T |efx]a
|‘\ Configuration - /
Converter Type  [Buck [ sm;/amm'on [simple  [+] Modulation {BFM & PWM [+
Vin Input DC Voitage (vin) [ 3.6 100 [wA]

Wit of oo Output DC Current (Idc

—_— —

ma l/ " dc

Q) Inductor Mim%mﬁm Selection /|General |/ Automotive QussceNote T Helo mulRata

art Number Efficiency Inductor Current (IL) Inductance Size Code T Size I e I i DC e Max. Application
<l DFE201610P-R47M Sl % = 1oy A = [pa7 uH W (selectan) ~  =[p mm ()= [z0000 mA Slio00 mA ('S[e3s ohm [ (selectaN)
<M DFE201610E-R47M . .
[ LQM2MPNRATMGH = % = A = (047 uH osoa/ae08 = mm = mA = mA = ohm ¥ Generl
<l LQM2MPNRATMEH z z 0805/2012 : ) ) ) /| Infotainment
— — % — A Zlo#m WM |7 (caoe/a0is Zloa  mm [JZ[isc0 mA Zlisw mA ()Flo oMM | powertrain/sat
. Efficiency Current
Enter Part Number > Calculation Calculation 1008/2520
1206/3216 bt
Datasheet |Part Number Efficienoe=a *=<yctor Current (IL) | Inductance Size Code T Size 1_Temperature 1_Saturation DC Resistance Application
Click (k] [kl [mm] Max. [mA] (ma] fohm] Max.

@ L) LQM2MPNR47MEH 0.47 0806/2016 0.8 2150 2300 0.063 General

[ 0.47 0806/2016 1 2500 3400 0.046 General

] ) DFE201610E-R47M 0.47 0806/2016 1 3600 4800 0.032 General

] | DFE201610P-R47M 0.47 0806/2016 1 3100 4000 0.04 General
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»
3. Use Cases muRata

3-1. Design of DC-DC Converter for Mobile Devices (10/10)

-> The same as p.13, expands the efficiency graph only. In this graph, "DFE201610E-R47M" and
"LOQM2MPNR47MGH" can be selected as high efficiency power inductors which satisfies the
initial conditions.

Mh | Inductor Voitage (VL) ||[ ] Inductor Current (IL) ||[] Output Voitage (vout) |[[¥] Effidiency ||| Inductor Loss || [ Inductor Characteristic ||| Capacitor Characteristic |

Graph Menu Efficiency x
[¥] Graph Option 100 Graph Setting x
[¥] Auto Resize X Axis
= ZOOM + . —_— Linear @ Log  Reset |
( N Auto Range
- g 5 ) ) o
ize = - = Minimum Value 0.001
Windows o — — —
: 5 P = % nlngl Maximum value 15
e == x—;* —— _;-I" Auto Interval
w — — — —
= Axis Step 0
60
b Y Axis
50 Setting Apply
im 10m 100m
ldc[A]
(®lx]a)
[ configuration -
Converter Type | Buck : Setup Condition | Simpla Modulation | PFM & PWM :
Win Input DC Voltage (Vin) | 36 ] IC Standby Current [ 100 [ua]
QOutput DC Voltage (Vout) 1 ™ IC Switching Transition Time | 2 [ns]
Wi . - Output DC Current (Idc) 1.5 4]
Switching Frequency 4 [MHz]
i SW1ON Resistance[ 0.1 [onm]
SW2 ON Resistance| 0.1 [ohm]

JMQ, Inductor Selection 4LQ, capacitor Selection | General || Automotive Qusage Note L Help 1est version muRata
Part Number Efficiency Inductor Current (IL) Inductance Size Code T Size 1_Temperature 1_saturation DC Resistance Max. Application
W S0 % S [nfinity A S(pa7 UM (W (Selectan) & @ S[; mm ()= [20000 mA S(i0000 mA (S [e3s ohm /] (selectAl)

TE10E-RA/M
- % - A . m 0603/1608 - mm - mA - mA _ ohm ] General
Reset m = = 0805/2012 | Infotainment
0 % 0 A z z z z z
047 UH [ /[osoe/2016 0.4 mm 1500 mA 1500 mMA [} ohm | powertrain/saft
Efficiency Current
Enter Part Number Calculation Calculation 1008/2520
1206/3216 ot
Datasheset |Part Number Efficiency[%] Inductor Current (IL) | Inductance Size Code T Size I_Temperature I_Saturation DC Resistance Application
[A] [uH] [inch/mm)] [mm] Max. [ma] [ma] [ohm] Max.
[ ] LQM2MPNRA7ZMEH 0.47 0806/2016 0.8 2150 2300 0.063 General
[F ] LQMZMPNRATMGH 0.47 0806/2016 1 2500 3400 0.046 General
"] |') DFE201610E-R47M 0.47 0806/2016 1 3600 4800 0.032 General
[ || DFE201610P-R47M 0.47 0806/2016 1 3100 4000 0.04 General

19
Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019



»
4. Details of Operation muRata P
4-1. Circuit Selection Field

INNOVATOR IN ELECTRONICS

Converter Type || Buck |~r| Converter Type IBDDEtITI
Wi

Idi

l .

W
&
.
Lo 3L ™ o dc
Y1 a a—11M L
—- - | —fia
iy u IL I

-> Select Buck (Buck type) or Boost (Boost type) as the type of DC-DC converter circuit.

The operation when "Buck" is selected is described in the following.
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»
4. Detalls of Operation muRata ‘
4-2. Input Function of Circuit Operating Conditions (1/3) | "

Setup Condition lSimIe vl Modulation |PFM & PWM |~ | Setup Condition l Standard a Modulation |PFM & PWM | |
Input DC Voitage (Vin) 36 v IC Standby Current 100 [uA] Input DC Voltage (Vin) [ 38 1 IC Standby Current | 100 [ua]
Output DC Voitage (Vout) 1.8 v IC Switching Transition Time 2 [ns] Qutput DC Voltage (Viout) 1.8 v IC Switching Transition Time 2 [ns]
Output DC Current (Idc) 1 [a] Quiput DC Current (Idc) 1 [A]
Switching Frequency 2 [MHz] Switching Frequency i [MHz]
SW1 ON Resistance 0.1 [ohm] SW1 ON Resistance 0.1 [ohm]
SW2 ON Resistance 0.1 [ohm] SW2 ON Resistance 0.1 [ohm]

-> There are two types of modes including "Simple" and "Standard" as the input items. The table
below shows the items that can be input in each mode.

Input Mode
Input item unit Simple | Standard Remarks

Input DC Voltage (Vin) \ v v

Output DC Voltage (Vout) \ v 4

Output DC Current (Idc) A v v "lout” is indicated depending
onthe IC

Switching Frequency MHz v v

SW1 ON Resistance Q - v ON resistance of IC, etc.

SW2 ON Resistance Q - 4 ON resistance of IC, etc.

IC Standby Current MA - v Self-consumption current of
PMIC

IC Switching Transition Time ns - v Time for SW to be in ON state
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»
4. Detalls of Operation muRata ‘
4-2. Input Function of Circuit Operating Conditions (2/3) .

Input Mode
Input item unit Simple | Standard Remarks

Input DC Voltage (Vin) \% v v

Output DC Voltage (Vout) \% v v

Output DC Current (Idc) A v v "lout" is indicated depending
on the IC

Switching Frequency MHz v v

SW1 ON Resistance Q - 4 ON resistance of IC, etc.

SW2 ON Resistance Q - 4 ON resistance of IC, etc.

IC Standby Current MA - v Self-consumption current of
PMIC

IC Switching Transition Time ns - v Time for SW to be in ON state

-> Advanced calculation can be set by selecting the Standard mode and entering the basic characteristics
of the PMIC (red check mark).

* This function can be used by first selecting the Simple mode to execute the calculation, and then
performing a detailed verification of the results in Standard mode.

The operation when Simple mode is selected is described in the following.
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4. Detalls of Operation

4-2. Input Function of Circuit Operating Conditions (3/3)

»
muRata P

INNOVATOR IN ELECTRONICS

Setup Condition | Simple |« | Modulation lPFM & PWM |~ l

Setup Condition | Simple

Input DC Voltage (Vin) 3.6 vl IC Standby Current
Output DC Voltage (Vout) 1.8 vl IC Switching Transition Time
Output DC Current (Idc) 1 [A]
Switching Frequency 2 [MHz]
SW1 ON Resistance 0.1 [ohm]
SW2 ON Resistance 0.1 [ohm]

[4

Modulation lPWH Ll

Ouiput DC Current (Idc) 1 [A]

Input DC Voltage (Vin) 3.6 vl IC Standby Current 100 [uA]
Output DC Voltage (Vout) 1.8 v IC Switching Transition Time 2 [ns]
Switching Freguency 2 [MHz]
SW1 ON Resistance 0.1 [ohm]
SW2 ON Resistance 0.1 [ohm]

-> As a modulation mode of a circuit, two types of modes including "PFM & PWM" and "PWM" can

be selected.

When "PFM & PWM" is selected, the efficiency is calculated by automatically switching between

PWM and PFM. See p.36 for the detalils.

The operation when "PFM & PWM" is selected is described in the following.
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4. Detalls of Operation
4-3. Part Number Selection Function (1/2)

»
muRata P

INNOVATOR IN ELECTRONICS

This is set to "Inductor Selection"

by default.

mQ Inductor Selection

-"-Q Capadior Seleciion

Can be narrowed down by entering a
center value or the upper/lower limit value

Can be narrow down by check box

mulRata

umber Efficiency
:x.Dv—l—'u'\«r« LT < 100 g
Resets the - o
Resst settings L
—
Enter Part Number b Calcﬁggfg’n
Datasheet | Part Number Effjffency[%]

] LQMZMPN1RONGO

| ] LOM31PN1ROMODO

L] DEE207 77T T

Oem2s Clicking displays
ae=20 the efficiency in
=2 descending order

[} oFE20:
f=) DFE252012PD-1ROM

™~

Clicking displays the data
sheet of each part number

IIEIEIEIEIEIEIEIEII

Inductor Current (IL) i I Saturation DC Resistance Max. Jikpplication
= | manity A (Select All) - =5 mm = 19000 mMA =636 ohm ¥ (select Al
= a _ s 0603/1608 _ mm _ mA _ ohm £ s=n=r!
= A 0805/2012 | Infolzinment
° Zloz  uH 0806/2016 Zlos  mm 2l ma Zlo ohm W7 rowertrain/saf
Current
A 1008/2520
1208/ 2016
Inductor Inductance Size Code DC Resistance Application -
[A] [uH] [inch/mm] [ohm] Max.
1 0B06/2016 General
1208/3216 General
- B General
Clicking displays the current General
. . . By this column
which flows into the inductor o General
in descending order
1 1008/2520 0.042 Infotainment

Selecting the right side of the item rearranges the
displayed items in ascending/descending order

-> The part number of the power inductors can be narrowed down by the specifications of inductance,
size code, thickness, saturation current, maximum DC resistance and application.
Clicking [#] also displays the data sheet of each part number.
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»
4. Details of Operation muRata -
4-3. Part Number Selection Function (2/2) -

Can be changed to "Capacitor

R G Selection’

Converter Type |Euck |L| SetupConk{ition |Simple |L| Modulation IPFM&F’WM -

0"—1 Input DC Voltaga (Vin) | 3.6 vl Can be narrowed down by Can be narrow down
‘ Output DQ Voltage (Vout) | 1.8 [v1 ICS -
st vi " output Dt Current (169) [ 1 [A] entering a cer_mtelr value or the by check box
— 1 Switchng Frequency [ 2 [MHz] upper/lower limit value
5""11/ Tyooncsl SW1 Op Resistance | 0.1 [ohm]
= = SW2 Ol Resistancel 0.1 [ohm]

eneral |v'| Automotive

JmQ Inductor Selection -"—q Capacitor Selection

(R bt Capacitance Rated Voltage emperature Size Code Type
c Resets 4 1= | 330 uF £ | 100 v v (select Ay~ |[v] (Select A “ 1= |67 mm @Y (Select All) v (Select AI) -
Reset g the = uF = v v B v| 0402M/01005 = | Acoustic noise reduction
Er N I
. =51 uF = v'| X5R v'| 05025M/01500 = | +/-20% v'| Acoustic noise reduction (interposer)
settings 25 M < v |§= 022 ~
Datasheet |Part numper Capacitance Rated Voltage Temperature Size Code T Size Cap. Tolerance Type -
{Nominal) [v] Characteristics [mm]/[inch] [mm] Ma
E ‘ Number Of MLCC Used ‘uF 10 R 3225M/1210 2.7 él Sart Ascending train/Safety for Automotive
‘uF 4 X5R 1608M/0603 X . fic noise reduction (interposer)
[ = can be entered* Al Sort Descending
|E| 0 wF 4 W5R 1608M/0603 - - 3l Purpose
[#] [ '] GRM188R60G226MEAD 22uF 4 W5R 1608M/0603 smove e 3l Purpose
|E| [] GRM187RE01226ME1LS 22uF 6.3 X5R 1608M/0603 +/-20% General Purpose
E | SoRLEsREOIZICMELL 2I0F 6.3 X5R ) ; ) ) Acoustic noise reduction (interposer)
i : 63 o= Selecting the right side of the item General Purpose
[l ™ Clicking displays the data

rearranges the displayed items in

sheet of each part number ; '
ascending/descending order

* [rrespective of the "Buck” or "Boost" mode, a number of MLCC used can be entered for one part number.

-> The part number of the MLCC can be narrowed by specifications of the capacitance, rated voltage,
temperature characteristics, size code, thickness, capacitance tolerance, and type.
Clicking [#] also displays the data sheet of each part number.
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4. Detalls of Operation

INNOVATOR IN ELECTRONICS

4-4. Graph Output Function (1/10)

Check the item(s) to be displayed

nductor Voltage (VL) |.nductor Current (IL) ||.|tput Voltage (Vout) .El’ﬁ-::uane:'s.r nductor Characteristic Capacitor Characteristic

LI |[. Inductor Voltage (VL) |[[7] Inductor Current (1L} |[[7] Output Voltage [Vout

Efficien

Loss [|[¥] Inductor Characteristic || [¥] Capacitor Characteristic

Graph Menu Inductor Voltage (VL) * MInductor Current
[#] Graph Option 21
[¥] Auto Resize 1 1.16 / '\\ //\\
- ZOooM + . _. 108 \ 101 g @«
= o g / I\ / /k g
resize > — 09E 7 ) A 2
windows 09 086 \\/1 \ / LIE_I SU/
-9 U'?BU 02 04 06 08 1 \
- 02 04 0 & 0o 1 b C t IL h- h d P -
. urren whnic ower conversion
(2) Voltage VL applied to f(lo)ws into the power (c) Output voltage Vout e&fi)cienc of the DC-DC
the power inductor . P of the DC-DC convertera y
inductor converter
Loss * |Inductor Characteristic xféapamtor Characteristic E3
10 1 1k
Converter Type |Buck lz‘
! 7 = 0-9\“\ N
L £
g foom i 3 0s e s X ¥ ° .
2 10m = = \ 2 1
9 A B 07 ™ o N ,/
m s 3 @ 100m B —_— —_—
T g s // sy i Ide
100uf = 08 E im f I
10u 05 m - -
im  10m  100m 1 10 0 1 2 3 ) 5 100 1k 10k 100Kk 1M 10M100M 1G 10G
IdclA] I[A] Frequency[Hz]
4 4 ] Y h Converter Type |8005‘t lz‘
(e) Power loss of the (f) Various parameters (9) Various parameters o
power inductor (L, Rdc, etc.) of the (C, Z, etc.) of the MLCC = w

ower inductor T I“
\_ A p N J i, " I

-> Clicking the part number of the power inductor displays seven types of graphs including the
ripple current (IL - Time), output voltage (Vout - Time), and efficiency (Efficiency - Idc).

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019
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muRata P
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»
4. Details of Operation muRata P
4-4. Graph Output Function (2/10) |

LI‘V |D Inductor Voltage (VL) || Inductor Current (IL) | | Output Voltage (Vout) || Efficiency | | [] Inductor Loss |||:| Inductor Characteristic | | [7] Capacitor Characteristic
* Qutput Voltage (Vout) »*  Efficiency

Graph Menu Inductor Current (IL)
|| Graph Option 1.26 1.802 100
[#] Auto Resize 118 /\ /\
- 700M +
/ \ }/ \ 1.801 .  w N\
Resize _. 1o \ = F
windows < 5 &
= 0.955l 2 \ s
/ 18 - 4N g
/ W g
0.86 \ /
0.76 \/ / 1.799
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 70
Timefus] Time[us] im 10m 100m 1 10
YAxis:INormaI j YAxis:INormaI j ldc[A]
Lelx <] ENEE Lalxla

->| & | % | @ | are functions common to all graphs. Clicking each button enables the following operations.

% . CSVoutput % : Change of graph settings ... : Saves image (PNG format)

* Unchecking the [Graph Option] will close the buttons.
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4. Detalls of Operation
4-4. Graph Output Function (3/10)

»
muRata P

INNOVATOR IN ELECTRONICS

(a) Voltage VL applied to the power inductor

Converter Type |Buck |E|

Win

—

LR - _.,
| L

oL

S

¥

; 1w

LTy f I Idc
Converter Type |Bnnst|E|

Wit

)

—r

[ ] I dec

|| || — L

- Inductor Voltage (VL) x

21

1.1

0.1

WL

0.9

0 0.2 0.4 0.6 0.8 1
Time[us]

-1.9

DUTY:54.4%

-> The upper/lower limit voltage of VL is determined by the input voltage Vin and the output voltage Vout.
The Duty ratio is determined by the ratio of Vout to Vin and the ON resistance of the IC, etc.
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»
4. Details of Operation mulata -
4-4. Graph Output Function (4/10) |

(b) Current IL which flows into the power inductor

Converter Type | Buck [+ Inductor Current (IL) X Inductor Current (IL)
0.26

SErE | TN |

A /\
VAN A
N ANY R
HAW pceut 7| N\ [ | \|/

\ \/ \/

0.76 h/ 02

" & . 02 04 06 08 1 —=F 95 04 06 08 ]
Vi o Time[us] Time[us]

]! « 1" v i [omel ] o[ [7]

* Setting the Y-Axis from "Normal" to "Ripple" cuts the DC component, and
only displays the current amplitude.

1l
IL[A]
'*-..,__‘__ﬁ
]
"—u.\‘
]
IL Ripple|A]

i
V

-> The current waveform of IL is displayed as a triangular wave. This is generally called the "ripple current.”

[Notes]
The amplitude of the ripple current is inverse proportion to the L value of the power inductor. When the

L value drops the amplitude suddenly increases due to the current bias characteristics of the inductor.

This will cause a defect where the DC-DC converter itself does not operate normally, etc.
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»
4. Details of Operation mulata -
4-4. Graph Output Function (5/10) |

(c) Output voltage Vout

Output Voltage (Vout) X Output Voltage (Vout) b4
Converter Type |Buck E‘
1.802 0.002
Win
s o m
— —_— 1.801 1 E 0.001 1
gy I Ide _ ‘@
I 3 g
= = § E
5
1.79 -0.001
02 04 06 08 1 0.2 0.4 0.6 0.s 1
Time[us]

Time[us]

Y Axis: Y nx]:?l Ripple :I

* Setting the Y-Axis from "Normal” to "Ripple" cuts the DC component, and
only displays the current amplitude.

-> The waveform of the output voltage is one of the main performance indexes of a DC-DC converter.
This is generally called the "ripple voltage."

[Notes]
It is necessary to set the ripple voltage low enough according to the IC specification so that an IC

with a load does not malfunction.
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»
4. Details of Operation mulata -
4-4. Graph Output Function (6/10) |

(d) Power conversion efficiency

Converter Type |Eluc|-: |E|

Efficiency x
vin 100
N | .. @ WL
aary )
4 J_ - 90 ~——\
. I I« =
LT =
{ I 5
-
= = E
[
=
t au/
Converter Type | Boost |E|
Wil
. 70
o im 10m 100m 1 10
- I Idc[A]
lin ' ) .
" . . Vout!ldc
_[/ Power conversion efficiency = ——— X 100[%]
L = inlin

-> The power conversion efficiency is one of the most important performance indexes of a DC-DC
converter. Although the efficiency is generally calculated by the above equation, it is calculated
from the power loss of the power inductor and the ON resistance of the IC in this software.
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»
4. Details of Operation mulata -
4-4. Graph Output Function (7/10)

(e) Power loss of the power inductor

Loss 4 Loss x

Loss x
1 1 10m /\.
/ 100m ,/
100m
/1 10m // /
— — m
= 10m 2 1m ’ 2 /
=S P @ / =
= / ] 100u 8 /
o - / -
- 1m Q [&]
10u
Pt s /, < 100u
il 1y /
1000 /
100n b
10u 10n 10u
im 10m 100m 1 10 im 10m 100m 1 10 im 10m 100m 1 10
Idc[A] Idc[A] Idc[A]
X Axis: IIdc : Y Axis: | Total Loss ﬂ X Axis: IIdc j Y Axis: H X Axis: IIdc j Y Axis: ﬂ

-> The power loss for the Idc of a power inductor can be displayed.

Total Loss Total of the power loss of an inductor (DC Loss + AC Loss)
DC Loss Power loss when DC current is flowing into the inductor

AC Loss Power loss when AC current is flowing into the inductor
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»
4. Detalls of Operation ’“"Rﬂtﬂ ‘
4-4. Graph Output Function (8/10)

(f) Various parameters of a power inductor

Inductor Characteristic x Inductor Characteristic X
1 0.959
0.9 "\\ 0.949
% \ Zg 0.939
z 08 =
o 2 e
S \ § 0920
S o7 AN S
3 \ 2 0919 \
08 0.909 ‘\ {
05 0.899 dj
0 1 2 3 4 5 100k ™ 10M 100M
1A Frequency[Hz]
X Axis: v asis: L[] x axis: [Freq|~] v axis: [L[]
Inductor Characteristic x Inductor Characteristic X

0.9242 08233

"1\
09232 \ | /
;[ IF/ER
| /

0.9203

4 g 12 16 20 0 1 2 3 4
Vin[v] Vout[V]

X Axis: ¥ Asds: L[] X Axis: v Asis: L[]

=1
w
R
]

Inductance[uH]
(=]
5
Inductance[uH)

-> A total of 24 characteristics graphs Z/R/X/C/L/Q can be displayed for the Idc/Freqg/Vin/Vout
in a power inductor.
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4. Detalls of Operation
4-4. Graph Output Function (9/10)

»
muRata P

INNOVATOR IN ELECTRONICS

(g) Various parameters of MLCC

Capacitor Characteristic
1k

‘IDD“\

E 10 3
B,
5 \ /
E 1 I .
]
S i 2l
o by, W
£ 100m \ /

10m M/

1m

100 1k 10k 100k 1M 10M 100M 1G 110G

Frequency[Hz]

M Axis: |Freq |~ Y Axis: I?E

Capacitor Characteristic b4
1k
% __,..--'"""_-‘-—
E. “f_‘.,.-l-""
2 100 ]
% "]
=
L1}
[
E
10
] 1 2 3 4
WVout[W]

Khxis:l‘u’out I ¥ Axis: I?E

-> Atotal of 12 characteristics graphs Z/R/X/C/L/Q can be displayed for the Freg/Vout in an MLCC.
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»
4. Details of Operation mulata -
4-4. Graph Output Function (10/10) |

-> A marker function can be used.

Inductor Current (IL) *  Qutput Voltage (Vout) ¥ Efficiency b 4
1.26 ‘ 1.802 100 |
A\ . Do
’ . — 90 P/N:DFE201610P-1R0OM
_ 1.06 M1 E (I) i Efficiency
=L F/M:DFE201610F-1R0M E= (I) = = o
= \ Inductor Curment: (IL) g | = Lkl IEdﬁgc?eEé,Bf%i 93%
0.96 r" T 18 (T \ Almz F/N:DFE201610P-1R0M S
\ Time us ' o N |~ ||rin:oFE2015100-1R0M Efficiency '\
/ B0
086 IL:1.004 - M1 Output voltage {vout) f
F/M:DFE201610P-1ROM 1dc: 0.2 A
v output vaoltage (vout) Time: 0.9 us Effidiency 90.67%
0.76 1.799 =l Vot 1.80025Y
0 02 04 065 08 1 0 |vmeos w0 - L
Time[us] =
Vout:1.79993v m 10m 100m 1 10
¥ Axis: I Mormal : Y Axis: I Mormar ] ldc[A]

(i)
- Clicking on the characteristics curve displays the marker.
- Entering the horizontal axis allows the marker to be moved to a specified location.

- Multiple markers can be displayed. Clicking a marker or clicking the upper right of a marker box
deletes the marker.
(i)
- Placing the mouse pointer on the characteristics curve displays the numerical value of the
vertical/horizontal axes in the specified location.
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4. Detalls of Operation
4-5. [Supplement] PFM Mode and PWM Mode (1/2)

»
muRata P

NMOVATOR IN ELECTRONICS

In the Modulation item of the software, the operation mode can be changed between "PFM & PWM"

and "PWM."
C:nuelter Type IEu:k ~ Setup Condition [smple s Modulatio|i|=m FETS i
vin Input DC Vcltage (Vin) 36 ) T standby CJITe"\tI 100 [ua]
" Qutput DC voltage (Vout) 18 vl IC Switching Transition Time IZ— [ns]
o A [ Output DC Current (1dc) 1 [&]
— — Switching Frequency 2 [MHz]
e I/ " . SW1 ON Resistance 0.1 [ohm]
= SW2 ON Resistance 0.1 [ohm]
Calculated by automatically switching between PWM and PFM
PEM&PWM -> For the purpose of optimization of the efficiency, when the output current Idc is too high

the mode is switched to the PWM mode, and when too low, it is switched to the PFM
mode (see p.36 for the details).

PWM

Calculated in the PWM mode only in the entire Idc range

* Waveform image of the current (IL) which flows into an inductor

ILA

PFM mode

A

t

-> Executes intermittent operation to
suppress the switching loss

IL A PWM mode

> ¢

-> Adjusts the output voltage by the Duty ratio
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»
4. DetailS Of Operation INMNOVATOR IN ELECTRONICS ‘
4-5. [Supplement] PFM Mode and PWM Mode (2/2) |

<When "PFM & PWM" is selected>

The efficiency is calculated by automatically switching between PWM and PFM based on the
following distinction method.

- PFM mode when the lower limit current of the IL which flows into an inductor becomes OA state (Figure 1)
- PWM mode when the lower limit current of the IL becomes larger than OA state (Figure 2)

100
o5 PEN P\WW\/
IV mVVivi
dl |-
90 - »
/\ 021
E 85
by 0.16
2 b=
— ; A Ton
70 / \\ 0.06
65 / \ 0o
0 0.1 0.2 03 04 0.5
60 | time[us]
0.001 0.01 0.[1] 1 10
. ldc[A
Figure 1

Figure 2
Inductor current waveform
when ldc = 0.13A

Inductor current waveform
when ldc = 0.09A
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