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Passive device specifications described
iIn the data sheet
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Data sheet of passive device(inductor)

The important inductor specifications for modeling in the datasheet are as following.

TAIYO YUDEN LB Series

TAIYO YUDEN MC Series

m BRFER CEC =S
1»#55»2 Inductance 1.0uH £20% «#s5v2 Inductanse 1.0 uH + 20 %
=YX (EIA/NIS) 0603/1608 =21 X (EIA/NIS) 0504/1210
T A it PN
{ DC resistance(typ.) 0.221 Q DC bias current(Max.) 1.5 A (AL=30%)
DC resistance(max.) 017 Q DC bias current(Typ.) 1.7 A (AL=30%)
Measured frequency of parameter 36 mH:z R TR0
Resonance frequency 100 MHz BELRHSER (tvo) 1.2A(AT=40C)
Operating temperature range | *°* % DC resistance(max.) 0.179 @
(Including-self-generated heat) ‘
DC resistance(typ.) 0.157 @

Temperature change rate

+20%

kof inductance

Yes

REACH#1 5 (205 #5)

Yes

naryziy—

Yes

BRBALFTE

Reflow

Measured frequency of parameter vHz

Operating temperature range

40to+125T

RoHSIES i (10 ¥E)

Yes

REACH i (205 #18)

Yes

BRERALITE

Reflow

The datasheet describes many important
specification for modeling
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Data sheet of passive device(inductor)

The important inductor specifications for modeling in the datasheet are as following.

Gducta nce \

The inductance specification is determined by treating many factors of
variation.

- DC resistance
It is the specification that determines the resistance at DC(0Hz).
AC resistance is higher than DC resistance due to skin effect and iron loss.

- Resonance frequency

In the frequency band higher than the resonance frequency, the inductor
\ operates as a capacitor. j

- Operating temperature range
The operating temperature range is guaranteed by the manufacturer.
Temperature change is a factor of inductance variation

- Measured frequency of parameter
The manufacturer guarantees inductance and Q value for this frequency

- DC bias current
The value of the inductor changes depending on the DC bias current.

© 2020 MODECH Inc. 5



Data sheet of passive device(inductor)

The important inductor specifications for modeling in the datasheet are as following.

TAIYO YUDEN LB Series

DC Bias vs Inductance DC Bias vs Temperature
2 60
| i '
) . 58 | k= /
DC bias I @ 40 /
= — =
current g 1 = 5 2 30
dependence 3 - /
o S
= I 2 10 =
- 7
0 # o
0 60 120 180 240 300 0 400 800 1200 1600 2000
DC Bias [mA] DC Bias [mA]
Frequency vs Inductance
100
Measured 5 W R |
frequency of g S oy
parameter g § R L
3 1 e [l L]
@Resonance 2 Ehii SE Ban 1
frequency S mi :::i::\'
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The important capacitor specifications for modeling in the datasheet are as following.

TAIYO YUDEN

Multilayer ceramic capacitors for high frequencies

Data sheet of passive device(capacitor)

TAIYO YUDEN

High dielectric constant multilayer ceramic capacitor

B EERHER u WRHHER
sms®  (Capacitance 10pF+2% mea@ (apacitance 47 UF£20%
=AY X (EIA/NIS) 008004/0201 =244 X (EIA/IS) 0201/0603
ERBE 16V EREE 25V
[ A
(Q (min) 50 at 1GHz \ e "“"”."' . 10%
Capacitance fluctuation due to temperature change(EIA)| | Capacitance fluctuation due to temperature change(EIA)
Operatine temperature ranee(EIA) - Operating temperature range(EIA) J
Canamt_ance fluctuation due to temperature change(JIS) Fsilator resctance Bl
Operating temperature range(JIS) ©

1N DET
im BE (% EREE)

I fficient of

1tan. ),

200 %

Insulation resistance

10GQ

RoHSHE® M (10 #H)

Yes

REACH G (205 #13)

Yes

noyuIY)—

Yes

BRAERITE

Reflow

" RoHSIE B (10 WH)

REACH#IG (205 ¥18)

NaFsIY—

BRIRALERTE

The datasheet describes many important specification
for modeling
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Data sheet of passive device(capacitor)

The important capacitor specifications for modeling in the datasheet are as following.

The inductance specification is determined by taking into account many

/Capacitance
factors of variation.
It is the specification that determines the resistance at DC(0Hz).

- Insulation resistance
Q and tand are parameters representing the loss component in alternating

- Q. tand
In the frequency band higher than the resonance frequency, the capacitor

current
- Resonance frequency

\operates as an inductor.
- Operating temperature range

The operating temperature range is guaranteed by the manufacturer.
Temperature change is a factor of inductance variation

- DC bias voltage
The value of the capacitor changes depending on the DC bias voltage.
- Temperature change dependence
Temperature change dependence of capacitance is specified by EIA and JIS.



Data sheet of passive device(capacitor)

The important capacitor specifications for modeling in the datasheet are as following.

TAIYO YUDEN
Multilayer ceramic capacitors for high frequencies

TAIYO YUDEN
High dielectric constant multilayer ceramic capacitor

EVS021CHI00GK EVSO02ICHI00GK PMKO63EBI475MP PMKO63EBI475MP
DC Bias Char. Capacitance Freq. DC Bias Char. Capacitance Freq.
1 | | 1000 —— - - 20 i
L] N e F I
| 1 0
3 I ~ 1 — 100 1 10 :
7] - ? 10
‘ E ¥ 1 T - Dan EC T 3 /Z  fwrt 3 E
5 DC bias g Py ot : T |
e o |1l ™ | ; INE=S £, NC _bhiac 2
g 0 g 10 g-30 T 1oHaS 2 1=
g voitage 5 I Tk £
. L ldependencge! | & L f 1T Resonahce 50 vo!t..ge & 5
| 60
: l ~frequency - rdependence
10 oy o ) | 01 =6 0.01
0 2 4 6 8 10 12 14 16 0 1000 2000 3000 4000 0 = 5 0001 001 0.1 1 10 100 100010000
DC Bias Voltage[V] Frequency|MHz] DC Bias Voltage[V] Frequency[MHz]
EVS02ICHINOGK EVS021CHIN0GK PMKO63EBI475SMP PMKO63EBJ475MP
Capacitance Temp. Impedance ESR Freq. Capacitance Temp. Impedance.ESR Freq.
10 10000 e 10 100000 ‘
—ESR F§ 10000 ——ESR
1000 z z 1566 ] r—
5 ===
~ 100 f— : o | | AN <100 :
= = = T ==t = Z = il S
Q 0 = 10 : —] : g -10 3 10 =] - T 5
s—Terr He o < : \// -4 - Tler np. rature N 0.1 \ BaS a8
i (ure| 0.1 — i o1 i 2
rh - sss=s C han( ,
-10 0.01 3 0.001
5 .33d|5 3 65 85 105 185 0 1000 2000 3000 4000 55 dep n’qeﬁq 0.001 001 0.1 1 10 100 1000 10000
Frequency[MHz] ﬂperatum[ reeC Frequency[MHz]
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Relationship between important characteristics
of inductor&capacitor and circuit characteristics
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Relationship between important characteristics o

Inductor&capacitor and circuit characteristics

The test circuit of DC/DC convertor is as following

[
I
s
o
25 / N LTNDN
2o V(1IN)
o] S V(INY)
1o // VIIN)
e
\/L- | I b
V(OU I . N 2 P =
\ 7/
V(OUT)
g,
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Relationship between important characteristics o

capacitor and circuit characteristics

The output voltage ripple has increased as the ideal capacitor model has been changed to the
MoDeCH parametric passive spice model.

e
:::;.,‘....‘c,‘c,;z,'.,;{;/ ESR(Q)

e mmﬂ**ﬂ—— Resonance

e m\ frequency(Hz)
"'\Insulation

resistance (Q)

\ DC bias voltage
dependence

......

Capacitance(F)

v(ouT) |k - V(QUT) |

© 2020 MODECH Inc.



Relationship between important characteristics of

capacitor and circuit characteristics

The high frequency noise of the output voltage increased as the resonance frequency parameter
decreased.

‘ffffffff\DCbiasvoItage

| e 4 |— ESR(Q)

| e Resonance
. “"\ frequency(Hz)

E @ R Capacitance(F)

Insulation
resistance (Q)

dependence
Resonance frequency:10MHz Resonance frequency:1MHz
V(IN) V(IN)
\ 1 A
N SN
V(OUT) V(OUT)
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Relationship between important characteristics of

parameters.

DC bias voltage dependence parameter:0.5

capacitor and circuit characteristics

The low frequency noise of the output voltage increased with increasing voltage-dependent

« | ESR(Q)

Capacitance(F)

—1——— Resonance

frequency(Hz)

"\ Insulation
resistance (Q)

\ DC bias voltage

dependence

DC bias voltage dependence parameter: 0.6

CV(IN)
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Relationship between important characteristics of

inductor and circuit characteristics

Inductor and capacitor models have been added to the circuit to test parametric passive spice
model of inductor.

......

71 \ \/Z TN
V(IN) S ——————. (] |11 ——e—————"

V(OUT) V(OUT)
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Relationship between important characteristics of

inductor and circuit characteristics

The ideal inductor model has been changed to a MoDeCH parametric passive spice model, so noise

is superimposed on the output voltage. _ Inductance(H)

- .param L1L1—10099- : : 1 ESR(Q)
param L1E5R'(=1ne-3 &«
.param: L1FR1=20e64// Eesonance(H )
.param L1RFR1=1000 o | : requency(nz

- Jesmumoeest | Impedance af
> < N_ .1 resonance

frequency(Q)

\. DC bias current
dependence

Viin)

= e o i V(OUT)
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Relationship between important characteristics of

inductor and circuit characteristics

The high frequency noise of the output voltage changed as the resonance frequency parameter

decreased. _ Inductance(H)

paraml.1|.1-100e9 4« L ESR(Q)

u H..,‘..H.::::::: _.param L1ESR1=10e-3. & | .
;::;“3;:::::::’.',.. £ ,...' 1 paramL1FR‘l=20e64,/'/ Resonance

=k T anthe SHEH CparamuiRFRizo0 o | frequency(Hz)

= | Semuweee T Impedance af
e e HETEEEEE - -+ 41> <>\ resonance

L || frequency(@)

EE:‘“?'".‘T",".‘::::::::::::::::::;::::::::::::::;:::::::::::::::::::::::::: \ DC bias current
dependence

V(in)

VVVVV

/(IN)
\J.I ‘l

- V(OUT) - youm)
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Relationship between important characteristics of

inductor and circuit characteristics

The parametric passive spice model used in this seminar will be sold on the MoDeCH Model
On! Search web site. The parameters that can be changed are as follows.

— Inductance(H)
- ESR(R2)

............. . 333333“'”paéahﬂ'.-i|.‘1?1béé9ff;f}p

@ o Capacitance(F) """ param L1ESR1=10e-3 4 | Resonance

L SERE .param L1FR1=2.0e6 4—

e 4// ESR(£2) | .param L1RFR1=1000' ,\ frequency(Hz)

| mmommee L Resonance | pwemikocest 1 Impedance at

b"\ ——— O
5 XU [\ Insulation frequency(Q)

resistance (Q)

\. DC bias current
dependence

:::::::::::::\DCbiasvoItage
dependence
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Improved design flow proposal using the
parametric passive model
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Design flow issues for model-based design

Design flow issues for model-based design

{ 1st model-base design using }

; Search for vendor
ideal models models
(SPICE simulation) (web surfing)
[ Search for vendor models
(web surfing) model-base design using
vendor models
[ 2nd model-base design using (BHICE Simiatan)

vendor models

(SPICE simulation) } NG

\ 4

3rd model-base design using
board model
(SPICE simulation)

it are repeated until the board

Vendor model search and simulation using
performance meets the specifications.

N\

It stays in the same design process as J

using cutting and pasting with a soldering
iron. Then it does not improve.
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Improved design flow proposal by parametric

model-based design

parametric model-based design

P e

1st model-base design using -~ R — ~
ideal models y PR -5 ) LIEXR
(SPICE simulation) /

v

Parametric model-based design using
Modech models
(SPICE simulation)

y

[ Search for vendor models ]

(web surfing) K™
NT T \

using the MoDeCH model to the flow

A 4

[ 2nd model-base design using}

'

{Adding a parametric model-based design}

| SRR 4

1
I
I

LY

r=—-/

NG PSS

Clarify device

vendor models
(SPICE simulation)

v ' Breaking down the
3rd model-base design using \ negative spiral that s gerformanﬁgn
| worsensdesion” | Perore seothing
(SPICE simulation) \\ resources ! : Il
\ /
N\ 7/
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Conclusion Mﬁﬂ%ﬂlﬂ

B This seminar introduced the specifications of passive
devices described in the data sheet.

B The relationship between the important characteristics
of inductors&capacitors and the characteristics of DC /
DC converters has been verified.

B The importance of parametric model-based design has
been introduced in this paper.
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