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Introduction of the JSR Group
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JSR Semiconductor Materials
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Low Loss Materials
for IC-Substrate/PCB
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Low Loss Materials

Low Dk/Df & Low CTE
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RDL ≤2.0 μm-L/S

Cu platingPR

 JSR offers high-resolution PR and PID materials as well as low loss materials 

PI Elongation >50%

Thickness: 8 μm
4 μm-SQ
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Growth of the Global Datasphere
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 Global datasphere is significantly increasing with the growth of the information society

Annual Size of the Global Datasphere
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Core & Edge

Cell towers

Servers

Cloud data centers

Gateways

Growth of the Global Datasphere
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 In order to handle big data with high-speed, an advanced high frequency technology is required
 Not only at the endpoints, but in the whole data communications systems

20282023-20242019

1.6 TbE800 GbE400 GbEEthernet

224 Gb/s112 Gb/s56 Gb/sSpeed per lane

56 GHz28 GHz14 GHzFrequency

<0.00100.0012-0.00150.0030Required Df

Speed trend of wired communications

Challenges at High Frequency
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IC-Substrate
Size ~100 mm

Motherboard
Size ~485 mm
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 IC-Substrate and PCB require low loss materials due to long signal transmission paths
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Requirements of Low Loss Materials
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Dielectric loss = k × f × Dk × Df

Conductor loss  Skin effectDielectric loss  Dk, Df

k: constant
f: frequency
Dk: Dielectric constant
Df: Dissipation factor

Key: Low Dk, Df

Skin depth(δ)

Current flowCurrent flow

CuCu

f: frequency
μ: permeability
σ: conductivity

Key: Adhesion to smooth Cu

・Surface roughness is significant at high 
frequencies due to the skin effect.

Skin depthDielectric

Conductor
Electric field

・Dielectric loss is proportional to
frequency, 𝐷𝑘 and Df.

δ =
1

πfμ଴σ

 Transmission loss = “Dielectric loss” + “Conductor loss”
 The low transmission loss requires a dielectric with low Dk/Df and good adhesion

Requirements of Low CTE Materials
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Technology trend

2024-20252022-2023

9k-17k5k-12kSubstrate Size (mm2)

~5~7CTE_core (ppm/℃)

0.00150.0020Electrical Property (Df)

Packaging design trend
Larger & more complex
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JSR’s Approach for Low Loss & Low CTE
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Low Loss Polymer
for BUF, RCC, PP, CCL
Low Loss Polymer
for BUF, RCC, PP, CCL

Low Loss Crosslinker
for BUF, Core, RCC, PP, CCL
Low Loss Crosslinker
for BUF, Core, RCC, PP, CCL

 JSR focuses on material development to realize low loss and low CTE 

BUF: Buildup film, RCC: Resin coated copper, PP: Prepreg, CCL: Copper clad laminate
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Designing a Low Loss Polymer
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 A low Dk/Df polymer is designed using the following strategies: ①low polarity, ②low mobility and 
③large molecular volume

 Molecule design is required to balance low loss, adhesion and process compatibility
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JSR’s Approach for Low Loss Polymer
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 JSR designed an original polymer, HC-G series, which includes four parts: end group, 
core unit, linker and functional unit

 It achieves a good balance between low loss properties and adhesion to copper

JSR ELPACTM HC-G series

End group
-Reactivity

Functional unit
-Thermal property
-Good solubility

Core unit
-Low Dk/Df
-Good adhesion
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Polymer’s Properties
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w/PPE based polymer-2Sample C

Peel strength vs. Df

Sample A

Sample C
Sample B

Copper foil: RzJIS = 1.5 μm

 Sample A, which contained HC-G series, shows a good balance between Df and 
adhesion

Sample information

Dk 2.6
Df 0.0011

Polymer’s Thermal Stability
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Coating,
Drying

Copper foil

Copper foil

Sample
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Appearance
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Appearance
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HTS Test

150℃ / 500 h
under air

 Sample A, HC-G series, shows better thermal stability after HTS test compared to 
other polymer systems

Thermal stability characterization procedure

Sample CSample BSample AAppearance

Initial
(Before HTS test)

After HTS test

0

0.2

0.4

0.6

0.8

1

Sample A Sample B Sample C

Δ
D

k 
(a

ft
er

 t
es

t 
-

in
iti

al
)

ΔDk

0.000

0.005

0.010

0.015

0.020

Sample A Sample B Sample C

Δ
D

f 
(a

ft
er

 t
es

t 
-

in
iti

al
)

ΔDf

Change of Dk and Df after HTS test
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CCL Properties
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Laminate
with HC-G seriesTest ConditionUnitItem

3.2
Split cylinder resonator @10GHz

-DkElectrical 
Properties 0.0013-Df

182DMA℃TgThermal 
Properties >300Solder dip testing @300℃sec.Solder resistance

23x-y axis, α1ppm/KCTEMechanical 
Properties 0.9with H-VLP3 Copper foilN/mmPeel strength

Copper foil

Copper foil
Impregnation

Drying

Vacuum press Copper etching

Glass fiber fabric

Procedure and properties

CCLPrepreg

 HC-G series balances Electrical, Thermal and Mechanical properties for optimum performance

JSR’s Approach for Low Loss Crosslinker
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JSR ELPACTM PJ series

 JSR has designed a new crosslinker, PJ series, which achieves low CTE and high Tg 
with low Df

 The core’s unique design ensures excellent compatibility within the resin matrix

Reactive group
-Reactivity

Core
-Low Dk/Df
-Thermal property
-Good solubility

Low Loss Crosslinker

for BUF, Core, RCC, PP, CCL

Low Loss Crosslinker

for BUF, Core, RCC, PP, CCL
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Properties of New Crosslinker
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Sample E
(w/ crosslinker)

Sample D
(w/o crosslinker)

HC-G seriesHC-G seriesPolymer
(Thermoset)

Formulation PJ series 
(30wt%)w/oCrosslinker

w/w/Initiator

2.62.6Dk @10GHz

Properties
0.00120.0011Df @10GHz

20℃ upRef.Tg @DMA

35% downRef.Total Expansion
(40-260℃)

Sample information & Film properties

 PJ series achieves low CTE and high Tg with low Df

*Total expansion
[%/40-260℃(Δ220℃)]

Df

CTE*

Peel strength

Tg

ー Hydrocarbon type 1

ー Hydrocarbon type 2

ー PJ series

Td
1

Solubility
in solvent

>320℃

Characteristic
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Summary
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 As digital communication technology advances, IC-Substrate and PCB 

designs require low loss and low CTE dielectric materials that achieve high 

signal speed with high reliability

 JSR has developed the “HC-G series” of thermoset polymer with low Dk/Df, 

good adhesion and excellent thermal stability

 Newly developed crosslinker “PJ series” achieves low Dk/Df as well as low 

CTE

 JSR supports advanced IC-Substrate/PCB applications and continues to 

develop new low loss material products

Thank you!
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Hikaru Mizuno (hmizuno@jsrmicro.com)


