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muRata B

What is Capacitor

Structure of Capacitor

Electrode
Electron
Dielectric (Insulator)
Charge to capacitor
<Be in proportion> <Be in inverse proportion>
>Active area >Distance between electrodes

>Dielectric constant

(constant that is decided by material)
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»
Material of Capacitor muRata §

INNOVATOR IN ELECTRONICS

Fim = : Using plastic film as the dielectric , thin metal film metal as inner electrodes ,
i stacked and rolled up together.

Non polarized organic film capacitor.

Ceramic Using Ceramic as the dielectric , metal baked with ceramic as inner
electrodes , non-polarized and non-organic capacitors.

AIuminum ,,,,,,,,,,,,,,,,,,,,,,,, Using high purity conductive material as positive electrodes , oxidized
- - layers on the electrodes , either liquid or solid electrolyte contacting
Fixed Capacitor L |
i oxidized layers as the negative electrodes.
Glass : Using glass film or glass powder as the dielectric , metallic foil or
metallic paste as electrodes.
Mica Using natural Mica as the dielectric , metallic foil as inner electrodes.
Electrolytic :
———————————— i Impregnated collecting electrode with liquid electrolyte , divided
Double Layer : into positive / negative / by a porous separator as polarized capacitors.
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»
Capacitance Range by Material muRata

INMNOVATOR IN ELECTRONICS

Filrﬁ Capaciitor 7 :

‘Monolithic Ceralgnic Capazicitor f *"/

Disc Ceramic Capacitor: (Disk-type)

Semi-cfonductive éCapacitor
Mica Ca:pacitor
Glass Capacitor

i [ [ [ [ [ [ [ [ [ [ .
0.1pF 1pF 10pF 100pF inF 10nF 100nF 1uF 10uF 100uF 1000pF
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Material of Capacitor

»
muRata

INMNOVATOR IN ELECTRONICS

MLCC

CERAMIC

e

Si-Cap

Silicon cap

HTFC

FILM

-

Capacitor
PAC

Polymer AL

~
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What is Ceramic Capacitor?

»
muRata
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Ceramic element Outer electrode

3rd layer : Sn Barrier

2nd layer : Ni Barrier

1st layer: Cu
Inner electrode Ni
Equivalent Circuit O
9 o Q

C1 C2 Cs3 Ca Cs

C=Ci+C24+C:+Cs+GCs

O

Ceramic Green sheet

I

Printed Electrode

& Capacitance formula
EX &y XS Xn
t
€ : Relative permittivity of dielectric
€g : Permittivity of vacuum 8.854x10-12 (F/m)
S, : Effective area per layer

n : Number of dielectric layers
t : Dielectric layer thickness

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 7 7



»
muRata B

What is Polymer AL Capacitor?
(1) Using aluminum foil in a (2) Using conductive polymer for cathode
multilayer structure Conductivity (S/cm)
Conductive polymer Carbon paste I A
[ A oxidized im | \ / Silver paste | 102 | Conductive Polymer AN
Etched aluminum foil L Epoxy resin 10! B
Lead frame —| TCNQ complex salt
(e | R T
10,000
=Comparing with can type Al capacitor, 107" | MnO, (Ta capacitor) times !
Smaller , Lower profile , Lower ESR .
- — \
/ Al -> A120S (e=8 10[) 102 || Electrolyte (Al capacitor) =
() =
I
= Murata’s conductive polymer has a
i:“’de//* conductivity which is 10,000 times higher
Cathode Ag layer than electrolyte.
Dielecfric Cathode

Conductive Carbon layer

Al203
\ polymer /
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What is Silicon Capacitor & IPD ?

»
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Silicon capacitor & IPD

3D capacitor by using
semiconductor
processes.

metal top electrode

n+-polySi
dielectric -

n+-Si
lower
electrode

Dielectric
Si dioxide / Si nitride

Product design

High cap density

DC, AC, Temp, Aging
stability

Capacitor array.
Binary capacitor.

Structure
Deep trench
Tripod pillar

Miniaturization

High stability of
performance

Uniqueness &

n~ -Si substrate Customization IPD including C, R. Competitiveness
Types of products

Standard Products Customized Products

Solder Wire-bonding . - . . .
mounting / Embedded Wire-bonding Capacitor array Binary capacitor IPD
. 2-4 terminal : L..J .L__J
2 terminal Vertical = b
Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021
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»
What is Film Capacitor? muRata §

INNOVATOR IN ELECTRONICS

Features and Benefits:
« 125 9C Temp Rating, 500V Voltage Rating
* 850V type is also available as A-sample
* Sizing: 10mF and 15mF in 35mm X 35.5mm x 14.5mm
20mF Film Cap in 35mm X 37mm X 20mm

Metal evaporated - High-Temp operation with reduced Cap size
plastic film

Competitive Comparison

Characteristic PP Film Cap HTFC

Material Thermo-plastic Thermo-setting Resin

Operating Temp 85°C ~ 105 °C 125 0C

Size (same Film thickness) 100% 60%o0 (40% reduction)

Irippe Rating
(20kHz, 95 °C) 8 Arwms 11 Arus

Filled resin
_/ _czis_e Lead

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 10



»
Ceramic Material & Characteristic muRata ‘

NHOVATOR IN ELECTRONICS

Class |Ceramic Material [Ceramic Character Temp. CharfCapacitance Range Recommended Circuit
Class 1| Temperature Capacitance Accuracy |<EIA= CHIP 0.1pF - 0.1uF |In Band Pass Filter Circuit
Compensation fortemperature coG,uz) {(OR1 - 104)
<EIAJ> In Coupling Circuit
(TCE) CHUJSL |LEAD  1pF-680nF
(010-683)  [In Temp. Compensasion Circuit
Class2 |High Dielectric Hi Capacitance Value <EIA=> CHIP 100pF - 100uF |In By-Pass Circuit
XTR, Y5V, (101 - 107)
(HI-KZ) X5R, X6 In Decoupling Circuit |
<EIAJ>  [LEAD  220pF -47uF
B,R,F (221-475)  [In Resonance Circuit |

€ Capacitance formula
[ Classification by Temperature Characteristic ] ,_EX & XSy Xn

Class 1: COG, U2],,,,,

Class 2 : X7R, X6S, X5R, Y5V,,, "

n-: Numt

Dielectric layer thickness

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 11



»
Extensive lineup and proposal muRata

_ e < :
ce® & L - O

Automotive
(IS09001, AEC-Q200, IATF16949)

Ultra Small Size High Capacitance

(008004, 01005, 015008)

Implant Class D

Aerospace
(~330uF)

R

% m Soft Terminal Epoxy Coating
: e :
(IS09001, AEC-Q200, IATF16949) (1509001, AEC-Q200, IATF16949) = r
Low ESL ' ' -

(~1kV ,~47uF) - —
(~27uF)

Metal Terminal
Embedded Y (1509001, AEC-Q200, IATF16949)
(110um~, Cu VIA Connection) &

(16V~1KV, ~100uF)

Film Capacitors Silicon capacitors

* \
. Q Safety Certified
@J & Anti Acoustic Noise

High Q (0603,~47uF) -
(25V~500V, 1GHz~10GHz) Wire bondable

(0303, ~0.47uF)

; . . High Voltage
Application Specific (~2.15K0)

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July2021 12
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»
Frequency characteristic muRata

INMNOVATOR IN ELECTRONICS

Frequency Characteristic - X
0.001uF
1 e,
LN 0.0
’ S 0.1uF
A
| 1 |
| i |
|
I ‘-----
: : M |' \l Core 100m 1uF \ :
r s ! |oooc I ! | I | I: cPU E \
B - | % | 9sas 7 10uF
| | | [ g \
| 1 \ g
| I e e S \
I I -
\ar W i ) 10m
\ y \/
\~----------_,
10uF 1uF || 0.1uF 0.01uF | 0.001uF
1m
100k 1M 10M 100M 1G
Frequency[Hz]
[ETUTEN 1 GRM155RB00104KAD1 (2], DGOV, 25degC
[5¢] (TR W R 155RT1H103JASE 121, DOV, 25degC
ETETEN mmcrm155R71H102KA01,12),DCOV, 25degT
CEEdE

R B M 155RE0.1 06ME 47,121, DGOV, 25degC
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Frequency characteristic

Voltage fluctuation and noise is strongly related to impedance of a capacitor.

=

2

Impedance[ohm]
[EEY

1000

100

=
o

o
=

o
o
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0.001

N /
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NPT Ao |

N N\ Z
\_ )
Z=R+ |2nfL? +——
0.1 10 1000 100000 2nfc
Frequency[MHz

1
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»
Design Support Software “SimSurfing” muRata

NMOVATOR IN ELECTRONICS

Frequency Characteristic

10k

1% L =R+ Zﬂ'fLE‘I‘
i

2mfc?

i

Impedance[ohm]

Frequency Characteristic \

100m AN

Frequency Characteristic
100u

in

10m
100 1k 10k 100k 1M \10MJ 1008

Frequency[Hz
Frequency Characteristic

g
=1
[ =

100

=y
=

K
[+F]
[ =]
=
3]
=
=]
o
[= 8
o
L]

—
I
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o
(=]
c
1+
B
S
o
£

N

e

100n TN\
1.00006068 HH 00000880 980 998K 100k TM{ 10 MG 10G100G

Frequency[H

N
b

10pl pam
1.00 DERSOOCOEIC JHO00K 100k IM1OMIDOM 1G 10G
Frequency[Hz]

Resistance[ohm)]

(< T i GRMO3IRA010EMEAD, C, DGOV, 25degC

B Wil 2l

(] CIETE) e GRMO33RE0JI0SMEAZ L DGOV, 25degC

im TN
100 1k 10k 100k 1M (10M) 100M 1G 110G
Frequency

I B M3 3RE0105MEAZ. R DGOV, 250egC
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Design Support Software “SimSurfing”

Frequency Characteristic - X

10M

M 0.001uF

100k

10k = s
0.0uF | |
1k s

E

=l

§ 100 = -

] e i : ]

-g_ 1ol 10UF [ '--..\\\ e e

/ ,/
LA/
/ a/
ALL

100m [~
10m N T A 1 1
T § 1 1 I
e (el o ol ot i o ok b
1m
100 1k 10k 100k ™ 10M 100M 1G 10G
Frequency[Hz]
(] IEGEEN B GRM155RE1H102KAQ1, 121, DCOV, 25degC
] [DEDNTN mm cRM155R71E103KAD 121, DCOV.250egC
(<] (TR I R 55RT1E104KE 4,12 DGOV, 25degC
(] T =

I I GRM155RE0,106MEDS 121 DGOV 25degC
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»
muRata

Thinning of dielectric and inner electrodes

ILESIERIRIR ISR \With conventional extension Layer thinning
. inner electrode technology

technologies...

Compositional heterogeneous region

» Reduced withstanding Atomization of ceramic powder
€ Capacitance formula voltage High dispersion
EX €y XSy Xn !
L= :  Increased voltage
- Increased element homogeneity

£ : Relative permittivity of dielectric dependence
gq : Permittivity of vacuum 8.854 x10-12 (F/m) - Improved element compactness
S, . Effective area per layer ° Reduced re“abl“ty

n : Number of dielectric layers
t : Dielectric layer thickness

Atomization of nickel powder

% Electrode High dispersion

AT TR ) Pl SRR i, l
NGNS 7 vy G
' ‘ - Thinning layers by increasing

Dielectric

packing factor

- Reduced unevenness

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 18
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»
High Precision Lamination Technology muRata #

Murata cutting edge High-Cap MLCCs have established highly accurate stacking and printing process technology.

A-A' cross section of
0402 inch size

« A
oy
0’ -

B-B' cross section of
1210 inch size

i d e

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 19



»
Change in compact, large capacity products (6.3 V or less) muRata

INMNOVATOR IN ELECTRONICS

Murata leads the industry in creating compact, large capacity products for the market.

1000

0201/ 10pF

100 0201/ 4.7uF

0201/ 2.2uF

0402 / 10pF 0603/ 100uF

‘ 0603/ 10pF

0805/ 10pF

1206/ 10pF |

—_
o

0805/ 100uF

1206/ 100pF

Capacitance/Volume ratio (UF/mm3)

1996 2000 2004 2008 2012 2016 2020 2024 2028 (Year)

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 20



>
X5R series; 85 degree C guarantee 008004 to 0603 size, 100nF~ muRata ‘

INNOVATOR IN ELECTRONICS

Size Rated
. Voltage 100nF 0.22uF 0.47uF
tnch/mml VWS QU0 | Gaown o | LOF 23 476 06 | 2uF a7
GRMO1  008004/0250125M 6.3
10
GRM02 01005/0402M 6.3 2021
11| New!!*1 |
Taller type
GRMMD 015008/05025M 6.3

35 *
25 2
16
10
6.3
4
50
35
25
GRM15 0402/1005M 16
10
6.3
4
50
35

25

16
10 I
6.3 I R

4 I
*1:Mobile/PC application specific MLCC.
*2:Recommended to use voltage / temperature derating condition. Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 21

GRMO03 0201/0603M

Taller type

Feasibility
study

GRM18 0603/1608M 2102+



X5R series; 85 degree C guarantee 0704 to 1210 size, 1uF~ muRata ‘

INNOVATOR IN ELECTRONICS

Capacitance

cine . capadtance

2 21Q4+
GRMIN  0704/1810M (T=0.65Max)

s

35

25 ]
GRM21 0805/2012M 16 -
10 --
4 I
50
25

GRM31 1206/3216M o -

10
63 ]
4
10
6.3
4

2.5

*1:Mobile/PC application specific MLCC.
*2:Recommended to use voltage / temperature derating condition. Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 22

(T=0.8Max)*1

GRM32 1210/3225M
MP: TBD

MP: TBD




>
Polymer Al capacitor ECAS series muRata ’

o
0
I
o
I
i

Capacitance Value (uF)

T e [ [ [ [
D4 D4 D4 D4 D4*| D6

16 9 9 4.5/6/9 4.5
D4 D4* | D6
4.5/6/9 4.5
D4 D4 D4 D4 | D6 D6
o 20 16 16 9 | 10 8
s
e D4 D4 D4 D4 D4 D4 D4 D4 | D6 D6
".'.P 55 45 25 25 15 15 15 10 | 10 9
&=
g 10 D4 D4 D4 D4 D6 D4 D6
E 1A 55 28 25 25 15 40 10
5 16 D4 D4 D4 D6 D4 D4 D4 D6
1C 70 60 40 30 40 40 40 12
20 D3 D4
1D 40 40
25 D4 D4 D4 D4
1E 40 40 40 40
D4 Case Size Code MP 2021 2021
6 ESR (mQ) Q2 Q4

Under Development standard type

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 23



LOW ESLe| 2281t S& ’

mulata

INMNOVATOR IN ELECTRONICS

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021




»
Solution for Low ESL muRata ‘

INMNOVATOR IN ELECTRONICS

Frequency Characteristic 0.001uF a X
] 01uF 0.01uF

I SRNIERN
N

N 7
10uF \ yf{ Z=R+ |2nflL?+

S EEAN N 4

1
2nfc?

E
=
= o o l
E / :: : e
15 4 /{ NERRE : 10uF | 1uF | 0.1uF | 0.01uF 0.001uF|
E \/: P : : - ¢~ ™ | core
E I | ‘ (11 bC/DC | 1 [ JTT1]ce
! - o wm ST | 4 eeea
| | \
o . I I s----‘l
"ok M T foom 16 | I
Frequency[Hz] | /A /A v/ ,I
\

LT T Ll T T T T -

[CTTEN i crM155RE0.1041401,12],DCOV, 25degC
[5<] (R W 5t 55R 7 1H1030A85, 171, DGOV, 26000
[CTTTEN w1 55R71H102KAD1 12| DGOV, 25degC
e -

I I S 1 S5RE0 106MEAT, 121 DGOV, 250egC
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»
Effective utilizing method of Low ESL Cap "“‘Rat“ ’

Optimization by using Low ESL Cap

E 10 —
c g - HOT
Q
§ L 1/3 of ESL of Std MLCC ) . VA Cu"eml
T 1 — N é / /"
(7] N NS ”
E‘ TN ——— | GND
= - EEEgil i o
\( D , X long current distance
0.1 \‘\ 4 7
N ; X Narrow wiring width
\ /
\ / 7
N\ \
10m \ \ ~
1/10 of ESL of Std MLCC
- I WA HOT
1M 10M 100Mm  Frequency[Hz]
€ > € =
ESC-dominant area ESL-dominant area
" Short current distance
» Standard MLCC ~ y <7 5
’ ) Wide wiring width

' Reverse geometry cap ) Four routes formed in parallel

3 terminal cap
06 July 2021 26
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»
Murata MLCC Solution / 3T LowESL Proposal muRata

INNOVATOR IN ELECTRONICS

Murata has LowESL solution to reduce Z and component space for best power integrity design.

Main SoC freq. becoming higher -> Total cap. value of decoupling increasing

<Past Design> <Current Design>

<Future Design>

&

APU / BBIC
(Same Size)

APU /BBIC
(Same Size)

[ ' H
APU / BBIC Trend in
M

(Same Size) | Advance

Miniaturization of MLCC
(Ex. GRM 0603/0402 >> GRM 0402/0201)

LowESL Capacitor

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 27
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LOW ESL H|E 3R - -

- “q LLL/LLD/GWL
Ny ) LOW ESL -
i LW S
=
Yy & LOW ESL
s 3EHRE 2EA
® 6 @ @
LLA
CTO . (1GHzn) - -
872 ZelA
@ ®
) ©) @ @
LLM
1073 ZeElA =1 1

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 28




»
Three Terminal Capacitors — NFM series muRata

INNOVATOR IN ELECTRONICS

Dimension Serias Dimension - In Production
[inch/mm] Lx W [mm] [inch/mm] Lx W [mm] Under Development
NFM15PL 0402/1005M 1.00 x 0.50 mm NFM18 0603/1608M 1.6 x 0.8 mm
NFM15PC 0402/1005M 1.00 x 0.50 mm NFM21 0805/2012M 2.00 x 1.25 mm
NFMIMPC 05035/1209M 1.2 X 0.9 mm NFM31 1206/3216M 3.2x 1.6 mm

Capacitance

Size Thickness 100nE

«“wp NFMISPL 0402/1005M  0.22mm

105C/4V/2A | 105C/4V/2A
é?@ NFM15PC 0402/1005M
105C/2.5V/2A .
105C/2.5V/2A
X5R/4V

0.5mm 2023

105¢/2.5V/2A | X5R/4V
NFMIJMPC 05035/1209M  0.65mm

85C/4V/2A

105C/6.3V/2A

*1:Mobile/PC application specific MLCC.

*2:Recommended to use voltage / temperature derating condition. Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 29



Reverse Geometry Capacitors — LLL series

»
muRata

INMNOVATOR IN ELECTRONICS

Dimension
[inch/mm] Lx W [mm]
LLL15 0204/0510M 0.5x 1.0 mm
LLL1U 02404/0610M 0.6 x 1.0 mm

EIA Temp. Characteristics Operation
Code  Temp.Range Cap.Change Temp. Range
X5R -55 to 85C +/-15% -55 to 85C
X6S -55 to 105C +/-22% -55 to 105C
X6T -55 to 105C +22%, -33% -55 to 105C
X7R -55 to 125C +/-15% -55 to 125C
X7S -55 to 125C +/-22% -55 to 125C
X7T -55 to 125C +22%, -33% -55 to 125C

Capacitance value

Thickness
(max.)

0.47uF 1.0uF

X5R 6.3V
X6S 4V
X7S 2.5V

X5R 6.3V X5R 6.3V
X6S 4V X6S 4V

X5R 4V
X6T 2.5V

X5R 10V X5R 6.3V
0204/0510M X6S 4V

X7S 4V X7T 4V

Q LLL15

X5R 6.3V

X7S 4V
Q LLLIU 02404/0610M 0.45mm

0.60mm X7R 10V X7R 10V

X5R 4V

*1:Mobile/PC application specific MLCC. 06 Julv 2021 30
uly

*2:Recommended to use voltage / temperature derating condition. Copyright © Murata Manufacturing Co., Ltd. Allrights reserved.



Si-cap vs. MLCC Rt "

No Change of Impedance — Low IL

02

COMPETITOR1 .
Insertion Loss

s COMPETITOR2 0.0 .\ » 0.2dB better

=== BBSC Si. Murata
0.2 \/

04

S21 [dB]

0.6

0 10 20 a0 40 3]
Frequency [GHz]
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Low ESL and ESR on Broadband

»
muRata

INNOVATOR IN ELECTRONICS

A

Z (Ohm) )

10° . :
| | | EiEEE
Vertical MLCC e
1 =
10 H
100\ / s 25 5.0 75 're;o(bon’ 125 15.0
Silicon
Capacitor
\ mm= |JWSC/10nF (Murata)
1073 v = Vertical MLCC
Extremely Low ESL and ESR ? 4
-3 | |
10 . |
107 108 109 1010 101! 1 1
freq (Hz) UWSC 0303/10nF//100pF BV50

Impedance Frequency Characteristic

(P/N: 935 153 630 510-xxT)

Copyright © Murata Manufacturing Co., Ltd. All rights reserved.
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What is HiQ Capacitor ?

»
muRata B

INMNOVATOR IN ELECTRONICS

<Background>

The communication infrastructure market such as BTS for cell phone.

In this market, there is a need to realize lower power consumption and to reduce reflection loss.

<Background>

v" RF circuit
v High power circuit
v Low power consumption

v"  Reduction on reflection loss

HiQ capacitor improve

the performance of RF application

with High-Q value/Low-ESR.

Requirement
= v High SRF
= v" High rated voltage
= v High Q/Low ESR

= v Tight tolerance

Zr (1Q)

Z (50Q)

Matching Circuit HiQ Capacitor
Copyright © Murata Manufacturing Co., Ltd. All rights reserved.

06 July 2021
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Murata HiQ Capacitors and Applications
< Appl
> MRI
# Semiconductor mfg.
Equipment
# Base station for
100 [ ~77TTTT T T E " u """""""""
= - Cellular/Broadcasti
= ellular/Broadcasting
— <. 0201/0402/0603/0805/1111>> 3 Industrial transceiver
s » STB
& » Satellite system
10 e —————————— e .
- GIM series » Cell phone
| > W-LAMN
<g_{[)[151g‘2[)1fu4 #* RF module
1 - » Bluetooth
e
10M 100M 1G 10G
Frequency [HZ] GOQM/GIM = Cu inner electrode
GRM = Mi inner electrode
GMA series Line-up
B Structure Q
Au(Gold) plated Layer % >,
Internal ¥~
Electrodes: MNi i
Mmm@ [ Foundation Electrode Layar == =
[ 86 pisted layer e S
VecLing =~
<Exampio of Structure> Ground Line
<Mourteg Exampier

v"  For wire bonding mount

-Mass Productan

- Under Developmsant
-apaciEnce Range ]

GJM series for Module Solution

= Structure

Cu (inner-electrode]
Cu base metal

Sn/Mi plating

m Specifications

01005, 0201, 0402 inch

TR -l 5.3 to 100 vdc

Operating COG: -55 to 1257,

L= r=c = %3G -55 to 150°C

Temperature

0+30 ppm/iC
Characteristic

GQM series for High Power PA

m Features

v Higher Q Vaiuc

Low ESR=High Current
Smaller case size

‘RN

Tighter Tolerance

=0.9pF +0.1pF +0.05pF
=0 25pF +0.05pF, £0_1pF
+0.05pF, £0.1pF,
+0.25pF

+2%

1~5pF

5.1~9.9pF =+0.5pF

> 10pF +5%

Please feel free to contact us when you need
other tolerance.

Capyright © Murata Manufacturing Co., Lad. Al ights reserdasd.

m Structure
CU (inner-glectrode)
Cu base metal
SnNI plating
m Specifications

0201 to 1111 inch

Case Size

Rated Voltage JieRugeli RS

Operating COG: -55 to 1257,
Temperature REGTeaEGR G LN

Temperature
L 0+30 ppmy/C

(@707 o) 1o R

I LT TR

= Features
v High Temperature (up to 150°C)
High Voltage (up to 500V)
Higher Q Value

Low ESR=High Current

"
"
v

=0.9pF +0.1pF +0.05pF
1~~5SpF +0.25pF +0.05pF, £0_1pF
+0.05pF, +£0_1pF,
5.1~99pF +£0.5pF
+0.25pF
> 10pF £5% +204h

Please feel free to contact us when you need
other tolerance.

Copyrigit & Murata Manufaciuring Co., Lid. All righis resended.
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»
For HPPAM (Sub-6GHz PA for Final Stage) ”"‘Rat" ’

vdd .
Deoouplmg Decoupling On Package

Tc1 lcz @ 6 ez l

Outside Package

RF-
RF- >1pF 100nF-1pF >1pF 100nF-1pF .
Blocking C 1 Blocking
A4 Decoupling A4

c10

DC-Cutting

7

Matching
RFout

a Matching C9
DC-Cutting 5 Pre-

tchlng
) <1pF | 1-10pF
Matching
\ <1pF E—ll]pF /

| On_Package | Outside Package
I | I [ |

Decoupling Matching Matching Decoupling DC-Cutting
I | | | |
C5,8
C11*1 Pre-Ma'tching C4,9 C1,2,6,7 C3,10
| — |
S —— 4 \/\:/\ - q
Si-cap GMA GQM series(>100V) GRM series
/Si-IPD series RUSUB GIM series (=100V) (GMA/GQM/GIM)
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»
muRata B

Resona nt Ca pacltor - Ta rget Appl Icatlon & Area INNOVATOR IN ELECTRONICS
. L L [ [ TI]]
¢ High Wattage area
+ KRM/C0G/5750/Qty reduction ¢ Mid Wattage area
— Low Loss material S — Small size Hi-Cap, COG
— Allowable voltage increase (Low self - _, Above 100kHz high freq
heating, higher reliability) 7 \\ low loss type
- KRM/5750/ 2 level stacking, reduce space \
1 >
consumption 3\ Zf;/
'm
1 I
I
I
g 0.1
X’
N’
-
G;) (Resona
a 50V-150Vp-p 50V-400
O 0.01 ~100-200kHz 6.78Mt

10 100 1000 10000
Fregency (kHz)
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»
Typical MLCC functions in EV mulRata ‘

NMOVATOR IN ELECTRONICS

1. Resonance cap. 3. Snubber cap. | sic |

— @ " - > . -
ACin ‘;D;::F DC in AC out
- 1 L ..AC el —] E — (Switching)
Resonance cap'l.: AC voltage change with fixed * —
frequency Snubber for
(needs stable cap. value = C0G) Peak suppression
—] E == |----{-Snubber beside IC
m Q Lineup expansion (R+C)
' R/V: 1kV for GCM - - - -

KCM GCM
Snubber cap.:Low ESL for high frequency noise

2. Coupling cap. m suppression (needs SMD for low ESL)
High voltage side

s 4 yoo.
== | Coupling Cap.: IEC60384-14 Q m

- Safety
Low voltage side Certification GCM KC3l
Higher voltage?

4
=y >
&j} Further Q m Lineup expansion

Creepage? R/V: 1kV/1.25kV/1.7kV
KCA TM-MLCC KC3
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»
Example of SWF trend of LLC converter muRata

INMNOVATOR IN ELECTRONICS

E.g. 48Vin/12V out/ ~ 1000W Server LLC Circuit
Trend

Higher power

~ 2MHz ( LLC) ??

Higher efficiency
Higher switching frequency
Higher reliability

Smaller form factor

~ 1MHz ( LLC)

~ 500KHz ( LLC) o Frequency Higher,

lower capacitance required !!
o "# Our extended line up to
higher capacitance able to

Total cap: ~ 100nF offer more MLCC to be use
(22nF/100V x2 ~ 6 pcs)

SWF [ KHz ]

in LLC resonant circuit.

~ 200KHz

2014 2015 2016 2018 ~
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INNOVATOR IN ELECTRONICS

Murata MLCC products

Class 1 ceramic capacitor for resonance capacitor

Capacitance of the resonant circuit 100.00 [nF]
Frequency 200.00 [kHz]

Voltage applied to the resonant circul 600.00 Npp] Vv

recautions for use
’ Calculation Current of the resonant circuit 26 66 [A(r.m.s.)]
Capacitor surface temperature 105.00 [*C]

Resonance cap.

Optimize layout of resonance capacitor

=l

—

AC in = supported by SimSurfing

Mounting interval in the L direction 1
Mounting interval in the W direction 1

[mm]

[mm]

4

0 I_BE:AC out

https://ds.murata.co.jp/simsurfing/cst.htmli?Icid=en-us

GCM series Standard chip type Class 1 (COG) ceramic capacitor
Stable capacitance value in temperature range and DC bias voltage

TC

Rated/AC Rated/DC

size

100 220 470 101 221 471 102 222 472 103 223 333

< g

KCM series Class 1 (C0G) ceramic capacitor with metal termination
Stable capacitance value in temperature range and DC bias voltage

TC

Rated/AC Rated/DC structure 153 183 223 273 303 363 443 543

630Vvdc

1000Vvdc

double

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

630vdc | 1206 ] _
GCM31 CoG 1000Vdc 1206 - - Mass production
i 630Vdc 1210 Under development
GCM32 C0G 1000Vvdc 1210 J

B Mass production
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Design Support Software “SimSurfing”

Medium voltage Capacitor Selection Tool

»
muRata

INMNOVATOR IN ELECTRONICS

@‘ Medium voltage Capacitor Selection Tool = Englih v

. i Search) Window  Help  Linke=Cli i i
DESIg n support Software @ English ~ mﬂRﬂtﬂ. rchjView  Window  Help  Linke-Click here for Products with U2J temperature characteristics
"SimSurfing” ‘Q e
B o Capacitance of the resonant circuit 10000 Inf
Products page top @ | Design Tools page top @ L) ¢ Frpauin T [ld? (O Mission profile
eauency o [i#] () Arbitrary voltage waveform
Voltage applied to the resonant circuit | 600.00
- o g Video] Attractions of SimSurfin, ) i — i
' Characteristics Viewer m o [V ° Part Number . |§| 0 P Calcuiation Current of the resonant circuit %66 [Ar.ms)] NOtSEIedEd
Videos to learn how SimSurfing can help you Crossmg Search Ll Capacitor surface tamperature W 1]
S Upload | Clear
Clear Mounting interval in the L direction 1 [mm]
. . . . Resin Moldin ingi ecion |1
.+%_ Multilayer Ceramic | .7 Three-terminal . = Lead type Ceramic g % ) Mounting inerval i the W direction T [mm]
0l . ceete . " . ¥ SMD Type #%® Polymer Capacitors
-7+ Capacitors -*" Capacitors Capacitors ] K ’
Ceramic Capacitors
Ferrite Beads v - o
. [ ] & Common mode ¥ Search Function On/Off /| General I’i .
e &5, i i B = = N Allow. V{p-p)-Freq. LAIlW. rm.s.)Freq. LTem rise
“,_"_ RF Inductors . .-_’, Power Inductors :mse fllter: far-:-uj\;o:.:\tnes ,.l'_ Choke Coils Select P/N: ¢|Automotive (| Mutiple Graphs (p-p)-Freq ” Alrm.s.)-Freq. N p.
requency Specified Filters
Part Number Status Capacitance  Rated Maximum Temperature  Size Code T Capacitance  Allowable  Allowable ~ Number  Number  Total count Total Mounting area
Part Number Search 5 (Ffom VE s V) (Select A} (7 (Select Al) :‘ Se2 £5 % £n vEo Afh g | f£0 g0
- - [
- W = V= V) o6 /) 1608M/0603 — = - Y = V= A= - - = -
H Video] Attractions of SimSurfin, "
' Selection Tool @ it ) B g . " 2on (F2m V2 VIORMORS kg x5 g 2 vz Az 2o 20 |20 20
Videos to learn how SimSurfing can help you -
Part Number Status Capacitance | Rated Maximum Temperature | Size Code Tsize | Capacitance  Allowable Allowable Number |Number Total  Total Mounting area *
. . 7] [nF](Nominal voltage | operating Characteristics| [mm]/[inch] [mm]  ftolerance  veltage curent ofseries ofparallel count  capacity [mm’] \ |
Medium voltage DC-DC Converter N . - Bias-T Inductor - . U
A Capacitor 9 ) Desian Support Noise Filter Design ’ Desian Subport ‘\ IC-Timing Device valug) M temperature[ T] [%] Vo-p)]  [Arms.)] [nF]
W Pt - an =upe Suppert Tool gn =upe Search Tool KOMESVSC2154300L2 5 630 125 06 S7504/2220 0 s
Selection Tool Tool Tool LD /
You can select the appropriate ceramic || You can select the appropriate power You can select part for noise filter You can select bias-T inductors in PoC You can search the riate timi Q KOMS5V3C2M431DL2 H 630 125 G 575042220 62 3
capacitors with the rated voltage inductors/multilayer ceramic capacitors | = while simulating insertion loss of filter system for high speed automotive devices (CERALOCK Pprop <tal Bng Q KCMSSTSC213620LL % 630 125 e 5750M/2220 48 5
(250V or over) by your operating by your operating condition for DC-DC | combined ferrite beads, L, common interface (SerDes) through easy evices or crystal units)
condition. convertars, choke, and C, operation, for 1cs. (&) KOMSSTSC21303I0LE ] €30 125 w6 ST50H/2020 48 5
Q KCM35REC227310LL 27 630 125 [oiley 5750M/2220 38 3
. . KCMSSRSC2122370L1 | e 2 630 125 [ 5750M/2220 36 5
NTC Thermistor PTC Thermistor
g Performance ! fi Performance @) KoMssLIC2E30LL 18 630 125 6 S7504/2220 28 5
Simulator Simulator @) KOMsELIC253I0LL 15 630 125 G 5750M/2220 28 5
You can see output voltage/error KCMS5V3C3A543)-— Under 4 1000 125 QG 5750M/2220 6.2 5
characteristics for basic circuits, or can Yw. can see output voliage, etc for the ﬁ
sslect the aporonriate NTC thermistors | D25IC Gt or can select the @) KCMSSVSC3Ad4T- 4 1000 125 6 5750M/2220 62 5
Pprop appropriate PTC thermistors as usage. Gl
as usage. ﬂ KCMI5TSC3A363)--- 36 1000 125 iy 5750M/2220 48 5
ﬂ KCMI5TSC3A303)--- it 0 1000 125 06 5750M/2220 48 5
ﬂ KCM35REC3AZ73)-— 1 27 1000 125 oy 5750M/2220 386 5
ﬂ KCM35REC3A223)-— Rt 2 1000 125 ol 5750M/2220 36 5
f= KOMS5L5C3A183)--- 18 1000 125 ol 5750M/2220 28 3

Copyright © Murata Manufacturing Co., Ltd. All rights reserved.
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»
MLCC vs. Film cap. muRata

INNOVATOR IN ELECTRONICS

MLCC : High allowable AC voltage

Allowable AC voltage comparison

——V_Film_22nF
——MLCC_22nF

Allowable AC vs. Frequency

_1000 ¢
W

£ -

=3 I

= -

5 I I N I A T A T MLCC'’s capability is high
S 100

% - at over 50kHz.

T L

© -

é -

Rt I

% 10 1 L1l 1 L1l 1 L1l L il

a- 1 10 100 1000 10000

Frequency (kHz)

-V company Film-Cap.: 22nF/2kVdc
-Murata MLCC: KRM55 22nF/630Vdc
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>
Electric compressor Circuit muRata

INMNOVATOR IN ELECTRONICS

Target Application ; Electric Compressor / Pump(Water/Oil)

IGBT (10~15kHz) MOSFET (~40kHz)

C2:Y Capacitor for Common Mode Noise

Cl:Capacitor for Smoothing

Absorption
FH series ‘ GCM (CO0G,U23,X7R) 'ﬁ
e.g.) WV:DC500V, e.g.) WV:DC630V, &Y
10'20UF, 8'10Arms, ’ 0-1'10nF, 1250C ﬁﬁﬁ
~1250C
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INNOVATOR IN ELECTRONICS

Main Inverter for Wheel Drive

Target Application ; Inverter (Main system)

IGBT (10~15kHz) MOSFET (~40kHz)

Battery
(HV)

C3:Capacitor for Snubbing (Noise

C1:Capacitor for Smoothing suppressor)

FH series =
e.g.) WV:DC500V,

~1250C

KCM (U23,X7T) 7
e.g.) WV:DC1250V, )
100nF, 125~150°C

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 44
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»
Solution for Acoustic Noise muRata B

INNOVATOR IN ELECTRONICS

Acoustic Noise problem (Customer side)

Murata Proposal / Support

Ne .
Anti-Acoustic Noise Series <ZRA> <ECNS> =Wl Co-design work
Size : 2416mm

Capacitance : 22-47uF ’ + Analysis

- Countermeasure proposal

<KRM>

A ~~ Size:3517 — 6153mm
M Capacitance : 1 — 47uF

Size : B case size.
(3.5x 2.8 x1.9 mm)
Size : 1005 — 1608mm Capacitance : 15-33uF
Capacitance : 2.2 — 47uF

-
-,
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»
Mechanism of acoustic noise muRata B

INNOVATOR IN ELECTRONICS

1. High dielectric constant type vibrates when AC voltage and pulse voltage are applied.
The piezoelectric effect contributes the vibration of the capacitor as following Figl.

2. Circuit board vibrates with capacitor as following Fig2.
(Amplitude of circuit board vibration is around 1pm to 1nm)

3. When the vibration frequency becomes audiofrequency, acoustic noise happen around the capacitor.
(20-20,000Hz)

| WT-section | | LT-section | | LW-section |

o=

Active area
Figl. Capacitor distortion Fig2. Vibration of circuit board
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»
Murata Proposal for Acoustic noise issue muRata

Standard design MLCC GRM on interposer GRM + metal terminals Polymer Al Capacitor

ZRA type:

? GRM LF Solder

)

o

Interposer  Termination

ZRB type: .

' Ferric alloy with Ni/Sn
plating Under development

Metal terminals suppress

LF high temp solder

GRM

> B case size.

(3.5x2.8x1.9mm)

> Stable capacitance

(No DC bias/No Temp

characteristics)

» No piezo acoustic noise
effects

Interposer suppresses acoustic acoustic noise drastically.
noise. Also good for mechanical
Lower profile than KRM series. stresses.
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»
Solution for bending crack - Background muRata

INMNOVATOR IN ELECTRONICS

Mounting stress Drop stress Thermal shock

‘ - Qe

J
& —

Electric field concentration occurs at a crack.

Then capacitor will be short circuit.
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»
Solution for bending crack - Murata Product muRata #

INMNOVATOR IN ELECTRONICS

| Structure Comparison | SPEC for bending

Standard Cu Electrode Layer
1mm

GRM/GCM series <— Ni/Sn Plated Layer

Soft Cu Electrode Layer
Termination Resin Electrode Layer General : 3mm

GRJ1/GCJ series i Ni/Sn Plated Layer

Ni/Sn
Terr|:41ierfg’|cion Ferric Alloy
S5mm

LF High-Temp Solder —_—
KRM/KCM series
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»
Board Flex Test Result muRata

INMNOVATOR IN ELECTRONICS

Murata PN. : Chip Capacitor & Metal Terminal Cap. (2220 / 630V / 220nF) Murata P.N. : Chip Capacitor & Soft termination. (1210 )
Test Condition : [Test Board] Glass Epoxy Board, T=1.6mm Test Condition + [Test Board] Glass Epoxy Board, T=1.6mm
[Bending speed] 1mm/sec [Bending speed] 1mm/sec
Sample Qty. : 10pcs. l Sample Qty. : 10pcs.
IS A\
I\()\ _//()/ll
-#=Chip Capacitor 7
. . fh#E
=8=|\letal Terminal Capacitor
100 Flexure
90 100 l l +7
80 — —a— GRJ/ 3225(in mm)1210(ininch)
X 70 = 80 | o
— -, —t— RN 3225(in mmP1210{ninch)
1)
8o =
€30 o
g 40 T 40
g 30 o
20 S ¥ 20
10 \T\.
0 0
0 2 4 B 8
0 1 2 3 4 ) 6 Deflection Amount [mm]
Frexure [mm]
v' Metal T. Capacitor is high reliability compare than general MLCC. v Soft termination capacitor is high reliability compare than general MLCC.
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