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Murata Integrated Passive Solutions
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MIS introduction
PICS technology
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What is Silicon capacitor?

Capacitor + Resistor
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2 parallelized capacitors in a MIMIM architecture to increase the capacitance value

3D structure

Tilted SEM view

Tripod

Low Ohmic substrate

P+, 20 mOhm.cm
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Simplified MIMIM architecture from the PICS3™ Related schematic

Based on high-k 

materials nanostacks

& barrier electrodes 
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Relative permittivity as a function of Breakdown field

Well known materials

Nanolaminated structures 

SiO2, SiNx, Al2O3…

Dielectric materials 

Class 1 

Ceramic Class 2 

Ceramic

Silicon
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Trends & Roadmap

Low profile & Low-ESL
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Trends of IC package & Package capacitor

Thickness
FOWLP / FOPLP

• Fine L/S (→ Fine BGA pitch)

• Low profileMother Board

Organic substrate

Logic

Logic

RDL

C C

Low profile capacitor is needed

Fine BGA pitch

ESL

Microfabrication of process Lower target impedance

Low ESL capacitor is needed

10 nm → 7 nm → 5 nm…
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Advantage of Silicon Capacitor

Low profile Multi-terminal

Silicon capacitor is good answer for PKG capacitor!

 Achieve low thickness (~ 50 µm)

 Higher robustness

 Design many terminals on capacitor

Extremely low ESL < 10pH
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Low voltage technology roadmap
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UESL Capacitor Roadmap

Max thickness 

(µm)
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0204 form factor
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Murata Multi-term
Silicon capacitors
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Murata Multi-term MLCC capacitor
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Murata’s Multi-term Silicon capacitors

Package substrate

Active IC

SiCap array

Typical Assembly Schema - Cross section view

• Use of Mosaic Architecture  Lowest obtainable ESL and ESR by internal design

• Preserving the Low ESL and low ESR Through C4 solder bumps in flip-chip attachment  This 

offers the ultimate in low inductance since it results in many current injection points.

• This reduces the mutual inductance and minimizes the effective path length of the charging current.

Murata Multi-terminal Si Cap - Top view

EP 3297024A1

3D Capacitor structure
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Structure overview

• 20-pads Silicon cap

• 2 Signals rows

• 3 Ground rows

 4 caps in //

GG GG

GG GG

GG GG

VV VV

VV VV
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ESL of Multi-terminal
Silicon capacitors
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ESL estimation flow 

Theory

EM 
Simulations

Measurements

Basic calculation of ESL

 [S] Parameters

GS-SG Measurements



C(nF)

Z (Ω)

L (pH)
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Theoretical calculation

• Basic model

http://www.mantaro.com/resources/impedance-calculator.htm
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ESL of 0402 & 0204 MLCC

• Typical 0402 ESL = 280pH [1]

• 0204 ESL T=0.35mm

https://product.tdk.com/info/tvcl/ecm/mlcc_commercial_general_c0402_ecm.pdf

1mm
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ESL of 0402 & 0204 SiCap

0.3mm

0.2mm
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GG GG

GG GG

GG GG

VV VV

VV VV

ESL of multi-term SiCap (on-going work)

1/4 structure

HFSS Simulations

GG GG

VV VV

GS-SG

1/4 structure

GS-SG 1/4 structures

measurement

Simulated Measured

[S] param [S] param

MATCH

If ok

x4 Product

[S] param
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Summary
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Silicon Capacitors addressing market trends

• Increased density

• Low thickness

• Multi-terminals Silicon Capacitors

– Development on-going

– ESL computation

– Comparison on elementary cell

HFSS simulation + Measurements

– Generating product [S] param

0204 500nF 40um
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Thank you!

www.murata.com


