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2021 KOREA MURATA WEBINAR

Capacitor part

생김새는 같지만 쓰임새가 다른 콘텐서
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콘덴서의 종류와 특성
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Structure of Capacitor
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Electrode
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Electron

Charge to capacitor

<Be in proportion>

>Active area

>Dielectric constant

(constant that is decided by material)

What is Capacitor

Battery

<Be in inverse proportion>

>Distance between electrodes
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Fixed Capacitor

Film

Ceramic

Aluminum

Glass

Mica

Electrolytic

Double Layer

Using plastic film as the dielectric , thin metal film metal as inner electrodes ,

stacked and rolled up together.

Non polarized organic film capacitor.

Using Ceramic as the dielectric , metal baked with ceramic as inner

electrodes , non-polarized and non-organic capacitors.

Using high purity conductive material as positive electrodes , oxidized

layers on the electrodes , either liquid or solid electrolyte  contacting

oxidized layers as the negative electrodes.

Using glass film or glass powder as the dielectric , metallic foil or

metallic paste as electrodes.

Using natural Mica as the dielectric , metallic foil as inner electrodes.

Impregnated collecting electrode with liquid electrolyte , divided

into positive / negative / by a porous separator as polarized capacitors. 

Material of Capacitor
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0.1pF 1pF 10pF 100pF 1nF 10nF 100nF 1F 10F 100F

Aluminum Electrolytic Capacitor

Glass Capacitor

Mica Capacitor

Semi-conductive Capacitor

Monolithic Ceramic Capacitor

Disc Ceramic Capacitor (Disk-type)

Film Capacitor

Tantalum Electrolytic Capacitor

1000F

Capacitance Range by Material
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MLCC

CERAMIC

HTFC

FILM

Si-Cap

Silicon cap

PAC

Polymer AL

Capacitor

Material of Capacitor
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Outer electrode
Ceramic element

Inner electrode Ni

3rd layer : Sn Barrier

2nd layer : Ni Barrier

1st layer : Cu 

Ceramic Green sheet 

Printed Electrode

C = C1+ C2 + C3 + C4 + C5

Equivalent Circuit

C1 C2 C3 C4 C5

7

What is Ceramic Capacitor?
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What is Polymer AL Capacitor?
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Differentiation Feature Benefit

Structure
Deep trench
Tripod pillar

High cap density Miniaturization

Dielectric
Si dioxide / Si nitride

DC, AC, Temp, Aging
stability

High stability of 
performance

Product design
Customization

Capacitor array.
Binary capacitor.

IPD including C, R.

Uniqueness &
Competitiveness

Standard Products Customized Products

Solder
mounting

Wire-bonding
/ Embedded

Wire-bonding Capacitor array     Binary capacitor               IPD

2 terminal 2-4 terminal Vertical

Types of products

Silicon capacitor & IPD
3D capacitor by using 
semiconductor 
processes.

C+R+L

What is Silicon Capacitor & IPD ?
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Metal evaporated 
plastic film

Lead

Filled resin
/case

Characteristic PP Film Cap HTFC

Material Thermo-plastic Thermo-setting Resin

Operating Temp 85 0C ~ 105 0C 125 0C

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

IRIPPLE Rating 
(20kHz, 95 0C)

8 ARMS 11 ARMS

Competitive Comparison

Features and Benefits:

• 125 0C Temp Rating, 500VDC 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

• High-Temp operation with reduced Cap size

What is Film Capacitor?
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[ Classification by Temperature Characteristic ]

Class 1 : C0G, U2J,,,,,

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

Ceramic Material & Characteristic
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(ISO9001, AEC-Q200, IATF16949)

(16V~1kV, ~100uF)

(008004, 01005, 015008)

Implant Class D

(ISO9001, AEC-Q200, IATF16949)

(~1kV ,~47uF)

Polymer Electrolysis

(~560uF, 2.5V~25V)

Automotive

(ISO9001, AEC-Q200, IATF16949)

High Voltage

(~3.15kV)

Aerospace

Soft Terminal

(ISO9001, AEC-Q200, IATF16949)

Wire bondable

(0303, ~0.47uF)

High Capacitance

(~330uF)

Low ESL

(~27uF)

Embedded

(110um~, Cu VIA Connection)

Safety Certified

(25V~500V, 1GHz~10GHz)

Anti Acoustic Noise

(0603,～47uF) 

Silicon capacitors

Metal Terminal

Epoxy Coating 

High Q

Ultra Small Size

Film Capacitors

Small, Thin & High-Cap. High Reliability

Application Specific

Extensive lineup and proposal
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고용량 콘덴서와 소형화
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10uF

1uF

0.001uF

0.01uF
0.1uF

10uF 1uF 0.1uF 0.01uF 0.001uF

DC/DC
IC

Core
CPU

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

C

R

L

Frequency characteristic



16Copyright ©  Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021

Design Support Software “SimSurfing”
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10uF

1uF

0.1uF

0.01uF

0.001uF

Design Support Software “SimSurfing”



18Copyright ©  Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021

Layer thinning 
technology

With conventional extension 

technologies...

• Reduced withstanding 

voltage

• Increased voltage 

dependence

• Reduced reliability

Thickening and unevenness of 
inner electrode

Aggregate

Compositional heterogeneous region

Electrode

Dielectric

・Increased element homogeneity

・Improved element compactness

Atomization of ceramic powder

・Thinning layers by increasing 

packing factor

・Reduced unevenness

Atomization of nickel powder

High dispersion
↓

High dispersion
↓

Thinning of dielectric and inner electrodes
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A

A’

B B’
470uF

Dielectric thickness：1um
1,500 layers

26uF
Dielectric thickness：0.5um

560 layers

20202002

1uF
Dielectric thickness：1.4um

200 layers

100uF
Dielectric thickness：1.8um

860 layers

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

A-A' cross section of 
0402 inch size

B-B' cross section of 
1210 inch size

High Precision Lamination Technology
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（Year）

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

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

[inch/mm]

Rated
Voltage

[V]

Capacitance

100nF
(0.10uF)

0.22uF
(220nF)

0.47uF
(470nF)

1.0uF 2.2uF 4.7uF 10uF 22uF 47uF

GRM01 008004/0250125M 6.3 New!! *1*2

GRM02 01005/0402M

10 *1

6.3 *2 *1*2 *1*2 2021

4 *1 *1 New!! *1*2

GRMMD 015008/05025M 6.3 *1*2

GRM03 0201/0603M

35 *2

25 *2 *2

16 *2 *1 *1

10 *2 *2 *1 *1

6.3 *2 *1 *1

4 *1 *1

GRM15 0402/1005M

50 *2 *1*2

35 *2 *1*2

25

16 *2

10 *2 *2 *2

6.3 *2 *1 *2

4 *2

GRM18 0603/1608M

50

35 *2 *1

25
Feasibility

study

16 21Q2*1

10 *2

6.3 *1

4 *1

Taller type

Taller type

*1:Mobile/PC application specific MLCC.
*2:Recommended to use  voltage / temperature derating condition.

X5R series; 85 degree C guarantee  008004 to 0603 size, 100nF~
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Series
Size

[inch/mm]

Rated
Voltage

[V]

Capacitance

1.0uF 2.2uF 4.7uF 10uF 22uF 47uF 100uF 220uF 330uF 470uF

GRMJN 0704/1810M
16

21Q4*1

(T=0.65Max)
(T=0.8Max)*1

6.3 43uF

GRM21 0805/2012M

50 *1*2 *1*2

35 *2 *2

25

16

10 *2

6.3 *2 *2

4

GRM31 1206/3216M

50

25

16

10 *2

6.3 *2

4

GRM32 1210/3225M

10 *2

6.3

4 *2 *2 MP: TBD

2.5 MP: TBD

*1:Mobile/PC application specific MLCC.
*2:Recommended to use  voltage / temperature derating condition.

X5R series; 85 degree C guarantee 0704 to 1210 size, 1uF~
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Polymer Al capacitor  ECAS series
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LOW ESL의 필요성과 종류
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10uF

1uF

0.001uF

0.01uF
0.1uF

Solution for Low ESL 

10uF 1uF 0.1uF 0.01uF 0.001uF

Core
CPU

DC/DC
IC
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Effective utilizing method of Low ESL Cap

Optimization by using Low ESL Cap

Standard MLCC

Reverse geometry cap

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

LowESL Capacitor
(Ex. GRM 0402/0201 >> NFM 0402/0603)

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

Murata MLCC Solution / 3T LowESL Proposal

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

LW 역전캡
LOW ESL

NFM/GWF

3단자콘덴서
LOW ESL

LLA

8전극콘덴서

LOW ESL (1GHz~)

LLM

10전극콘덴서

LOW ESL (2GHz~)

① ③

⑤

⑦⑨

⑩

④

⑥⑧

②

② ④

⑥

① ③

⑤⑦ ⑧

LOW ESL 제품 종류
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Series
Size

[inch/mm]
Thickness

(max.)

Capacitance

47nF
100nF

(0.10uF)
0.22uF 0.47uF 1.0uF 2.2uF 4.3uF 7.5uF 9.1uF 14uF 15uF 22uF

NFM15PL 0402/1005M 0.22mm 85C/4V/2A

NFM15PC 0402/1005M

0.35mm
105C/4V/2A
85C/6.3V/2A

105C/4V/2A
85C/6.3V/2A

0.50mm 85C/16V/1A 85C/10V/2A 85C/10V/2A
105C/6.3V/2A

85C/4V/2A

0.65mm
105C/2.5V/2A

85C/4V/2A
85C/4V/2A *1

0.70mm
105C/2.5V/2A

85C/4V/2A

NFMJMPC 05035/1209M

0.5mm
X5R/4V
2023

0.65mm
105C/2.5V/2A
85C/6.3V/2A

X5R/4V
New!!

0.80mm
105C/2.5V/2A

85C/4V/2A

Series
Dimension

[inch/mm] L x W [mm]

NFM15PL 0402/1005M 1.00 × 0.50 mm

NFM15PC 0402/1005M 1.00 × 0.50 mm

NFMJMPC 05035/1209M 1.2 × 0.9 mm

In Production

Under Development
Series

Dimension

[inch/mm] L x W [mm]

NFM18 0603/1608M 1.6 x 0.8 mm

NFM21 0805/2012M 2.00 x 1.25 mm

NFM31 1206/3216M 3.2 x 1.6 mm

Three Terminal Capacitors – NFM series

*1:Mobile/PC application specific MLCC.
*2:Recommended to use  voltage / temperature derating condition.
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Series
Dimension

[inch/mm] L x W [mm]

LLL15 0204/0510M 0.5 x 1.0 mm

LLL1U 02404/0610M 0.6 x  1.0 mm

EIA
Code

Temp. Characteristics Operation
Temp. RangeTemp. Range Cap. Change

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

Series
Size

[inch/mm]
Thickness

(max.)

Capacitance value

100nF
(0.10uF)

0.22uF 0.47uF 1.0uF 2.2uF 4.3uF

LLL15 0204/0510M

0.22mm
X5R 6.3V
X6S 4V

X5R 6.3V
X6S 4V

X5R 6.3V
X6S 4V

X7S 2.5V

X5R 4V
X6T 2.5V

0.35mm
X5R 10V
X6S 6.3V
X7S 4V

X5R 6.3V
X6S 6.3V
X7T 4V

X5R 4V
X6S 4V
X7S 4V

X6S 4V
X7S 2.5V

0.60mm X7R 10V X7R 10V
X5R 6.3V
X7S 4V

LLL1U 02404/0610M 0.45mm X5R 4V

Reverse Geometry Capacitors – LLL series

*1:Mobile/PC application specific MLCC.
*2:Recommended to use  voltage / temperature derating condition.
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BBSC Si. Murata

COMPETITOR1

COMPETITOR2

Insertion Loss 

0.2dB better

S
2

1
 [

d
B

]

Frequency [GHz]

600µm

600µm

300µm

Si-cap vs. MLCC
No Change of Impedance → Low IL
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UWSC/10nF (Murata)

Vertical MLCC

Vertical MLCC
（Ceramic）

Impedance Frequency Characteristic

UWSC 0303/10nF//100pF BV50 

Silicon
Capacitor

Extremely Low ESL and ESR

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

Low ESL and ESR on Broadband
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HI-Q 콘덴서
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＜Background＞

＜Background＞

✓ RF circuit

✓ High power circuit

✓ Low power consumption

✓ Reduction on reflection loss

⇒

⇒

⇒

⇒

Requirement

HiQ Capacitor

L1 L2

C1 C2 C3

RSi1 i2 i3

ZTR (1Ω)

ZIN (50Ω)

Matching Circuit

HiQ capacitor improve 

the performance of RF application 

with High-Q value/Low-ESR.

What is HiQ Capacitor？

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.

✓ High SRF

✓ High rated voltage

✓ High Q/Low ESR

✓ Tight tolerance
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Decoupling

Outside Package

DC-CuttingDecoupling

GMA 
series

GRM series
(GMA/GQM/GJM)

GQM series(>100V)
GJM series (≦100V)

C1,2,6,7

DC-Cutting

DC-Cutting

Pre-
MatchingPre-

Matching

Matching

On Package

Decoupling

C11※1

Si-cap
/Si-IPD

※1 C11 is for High Power PAM only.

On Package

Outside Package

C3,10C4,9
C5,8

Pre-Matching

RUSUB

Matching Matching

For HPPAM (Sub-6GHz PA for Final Stage)
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◆High Wattage area

・KRM/C0G/5750/Qty reduction

→ Low Loss material

→ Allowable voltage increase (Low self 

heating, higher reliability)

・ KRM/5750/ 2 level stacking, reduce space 

consumption

◆Mid Wattage area

→ Small size Hi-Cap, C0G

→ Above 100kHz high freq, 

low loss type

PV

(Resonance)

250Vp-p

150-300kHz

A4WP

(Resonance)

50V-400Vp-p

6.78MHz

Qi

(Resonance)

50V-150Vp-p

100-200kHz

WPT

(Resonance)

2-6kVp-p

85kHz

USB

(Resonance)

75V-150Vp-p

5-10MHz

TPMS,RKE

(Resonance)

250V-630Vp-p

100kHz

OBC

(resonance

)

250V-2kVp-

p

70-200kHz
Server

(Resonanc

e)

100-

400Vp-p

80-200kHz

Resonant Capacitor – Target Application & Area 
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1. Resonance cap.

AC in AC out

Resonance cap.: AC voltage change with fixed 
frequency
(needs stable cap. value = C0G)

KCM GCM

2. Coupling cap.

High voltage side

Low voltage side

Coupling Cap.: IEC60384-14

Lineup expansion
R/V: 1kV for GCM

KCA TM-MLCC

Further
Creepage?

3. Snubber cap.

DC in AC out
(Switching)

Snubber cap.:Low ESL for high frequency noise 
suppression (needs SMD for low ESL)

KC3GCM

KC3

Lineup expansion
R/V: 1kV/1.25kV/1.7kV

Higher voltage?

WPT/OBC SiC

General

Safety
Certification

Snubber beside IC
(R+C)

Snubber for
Peak suppression

Typical MLCC functions in EV
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S
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 [

 K
H

z 
] 

2015 2016 2018 ~ 2014

~ 200KHz

~ 500KHz ( LLC)

~ 1MHz ( LLC)

~ 2MHz ( LLC) ??

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

Total cap: ~ 100nF
(22nF/100V x2 ~ 6 pcs)

Frequency Higher, 

lower capacitance required !!

Our extended line up to 

higher capacitance able to 

offer more MLCC to be use

in LLC resonant circuit. 

Trend

Higher power

Higher efficiency

Higher switching frequency

Higher reliability

Smaller form factor

Example of SWF trend of LLC converter
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Optimize layout of resonance capacitor

➡ supported by SimSurfing

https://ds.murata.co.jp/simsurfing/cst.html?lcid=en-us

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

single

double

single

double

630Vdc

1000Vdc

KCM55 C0G -

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

Mass production

Type TC Rated/AC Rated/DC size 100 220 470 101 221 471 102 222 472 103 223 333

630Vdc 1206

1000Vdc 1206

630Vdc 1210

1000Vdc 1210

GCM31

GCM32

C0G

C0G

-

-

GCM series Standard chip type Class 1 (C0G) ceramic capacitor
Stable capacitance value in temperature range and DC bias voltage

Mass production

Under development

Resonance cap.

AC in AC out

Murata MLCC products

Class 1 ceramic capacitor for resonance capacitor

https://ds.murata.co.jp/simsurfing/cst.html?lcid=en-us
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Design Support Software “SimSurfing”
Medium voltage Capacitor Selection Tool
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･V company Film-Cap.: 22nF/2kVdc
･Murata MLCC: KRM55 22nF/630Vdc

MLCC’s capability is high 

at over 50kHz.

Allowable AC voltage comparison

Allowable AC vs. Frequency

MLCC vs. Film cap.

MLCC : High allowable AC voltage
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Battery

(HV)
M

C1

Si Device SiC Device

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

Resonance
Capacitor

FH series 
e.g.) WV:DC500V,

10-20uF, 8-10Arms,
~125OC

C1:Capacitor for Smoothing

GCM (C0G,U2J,X7R) 
e.g.) WV:DC630V,

0.1-10nF, 125OC

C2:Y Capacitor for Common Mode Noise 
Absorption

C2

C2

Electric compressor Circuit

Target Application ; Electric Compressor / Pump(Water/Oil)
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Si Device SiC Device

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

KCM (U2J,X7T) 
e.g.) WV:DC1250V,

100nF, 125~150OC

C3:Capacitor for Snubbing (Noise 
suppressor)

Battery

(HV)
M

C1

Resonance
Capacitor

FH series 
e.g.) WV:DC500V,
~125OC

C1:Capacitor for Smoothing

C3

C2

Main Inverter for Wheel Drive

Target Application ; Inverter (Main system)
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세라믹 콘덴서의 성질로 인한
문제점 및 대책
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Acoustic Noise problem (Customer side)

Anti-Acoustic Noise Series

Murata Products/Application

Smartphone MID NB MB Server W-LAN

Capacitor

GRM HiCap Series

(Over 1uF Capacitance Value)

xx xx xx xx xx xx

Capacitor

GW series

(For CPU Decoupling

Capacitor)

xx xx

Capacitor

LL Series

(Low ESL Capacitor)

x x x x

Capacitor

GR02 Series

(01005 case size)

x

Capacitor

GR03 Series

(0201 case size)

xx xx xx

Capacitor

GJM Series

(Hi-Q Capacitor)

x xx

Capacitor

GNM Series

(Capacitor Array)

xx

Capacitor

KRM series

(For Acoustic Noise

Reduction)

x

<ZRA>

<KRM>

Murata Proposal / Support

Size : 3517 – 6153mm
Capacitance : 1 – 47uF

Size：2416mm
Capacitance：22-47uF

Co-design work

・Analysis

・Countermeasure proposal

<ZRB>
Size : 1005 – 1608mm
Capacitance : 2.2 – 47uF

<ECNS>

Size : B case size.
(3.5 x 2.8 x 1.9 mm)

Capacitance : 15－33uF

Solution for Acoustic Noise 
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Fig2. Vibration of circuit boardFig1. Capacitor distortion

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 Fig1.

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)

■Active area

Mechanism of acoustic noise
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GRM series ZRA/ZRB series KRM series ECNS series

Standard design MLCC GRM on interposer

ZRA type:

ZRB type:

Interposer suppresses acoustic 
noise.

Lower profile than KRM series.

GRM + metal terminals

Metal terminals suppress
acoustic noise drastically.
Also good for mechanical 

stresses.

Polymer Al Capacitor

➢ B case size.
(3.5 x 2.8 x 1.9 mm)
➢ Stable capacitance
(No DC bias/No Temp 

characteristics)
➢ No piezo acoustic noise 

effects

GRM LF Solder

Interposer Termination

GRM
LF high temp solder

Ferric alloy with Ni/Sn 
plating Under development

Murata Proposal for Acoustic noise issue
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세라믹 콘덴서의
신뢰성 문제와 대책
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Drop stress Thermal shockMounting stress

Electric field concentration occurs at a crack.

Then capacitor will be short circuit.

Compression

Tension

Solution for bending crack - Background
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Structure Comparison SPEC for bending

Standard

GRM/GCM series
1mm

Soft
Termination

GRJ/GCJ series

General : 3mm

Metal
Termination

KRM/KCM series

5mm

Resin Electrode Layer

Ni/Sn Plated Layer

Cu Electrode Layer

Ni/Sn Plated Layer

Cu Electrode Layer

LF High-Temp Solder

Ferric Alloy

Ni/Sn

Solution for bending crack - Murata Product
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Murata P.N. ：Chip Capacitor & Metal Terminal Cap. (2220 / 630V / 220nF)
Test Condition ：[Test Board] Glass Epoxy Board, T=1.6mm

：[Bending speed] 1mm/sec
Sample Qty. ：10pcs.

✓ Metal T. Capacitor is high reliability compare than general MLCC.

Chip CapacitorMetal Terminal Capacitor
0 6 8

10 5 8
20 3.2 8
30 2.5 8
40 2.45 8
50 2.35 8
60 2.3 8
70 2.2 8
80 2.15 8
90 2.14 8

100 2.13 8
100 0 0

6.1±0.2
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Flexure

Murata P.N. ：Chip Capacitor & Soft termination. (1210 )
Test Condition ：[Test Board] Glass Epoxy Board, T=1.6mm

：[Bending speed] 1mm/sec
Sample Qty. ：10pcs.

✓ Soft termination capacitor is high reliability compare than general MLCC.

Board Flex Test Result
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