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Introduction of JSR Group
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JSR Semiconductor Materials
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Raw materials

for IC-Substrate/PCB
(NEW) HC-G series
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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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◆ High frequency signals enable high-speed telecommunications

Solution for High-speed Telecommunications
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5G Sub-6
≤6GHz

５G mmWave
28-48GHz 

mmWave radar
77-79GHz

Cell towers
[Macrocells]

Cell towers
[Small cells]

IMAPS 20th Device Packaging Conference | March 18-21, 2024 | Fountain Hills, Arizona

0793



Challenges at High Frequency
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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 depth
Dielectric

Conductor

Electric field

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

δ =
1

πfμ0σ

◆ Transmission loss = “Dielectric loss” + “Conductor loss”
◆ The low transmission loss requires a dielectric with low Dk/Df and good adhesion
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Design of Low Loss Material
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◆ Dielectric constant (Dk)
 Clausius–Mossotti equation

 Dk = ൗ(1 + 2
Pm

Vm
) (1 −

Pm

Vm
)

 To achieve low Dk
✓ Smaller Pm
= Low polarity design of a molecule

✓ Larger Vm
= Design of large molecular volume

Pm: Molar polarizability, Vｍ: Molar volume

εr'

εr"

Dipolar

Atomic
Electronic

103 106 109 1012 1015

Microwave ~ mmWave

Frequency [Hz]

◆ Dissipation factor (Df)

 Df (= tan δ) =
εr

′′

εr
′

 To achieve low Df
✓ Low overall permittivity
= To suppress dipole orientation
    of a molecule

(r’: The real part of permittivity, r”: The imaginary part of permittivity)
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Existing Low Loss Material
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Source: JSR research
Development of Substrate Materials for Electronics Package CMC P115

◆ A low Dk/Df polymer can be designed using the following strategies: ①low polarity 
structure, ②inhibition of molecular mobility and ③large molecular volume
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Requirement of Multilayer Lamination
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◆ For manufacturing a CCL and a multilayer lamination, numerous steps are required

Cu

Cu

CCL (Copper Clad Laminate)

DFR patterning
Cu etching
Drilling
Desmear
E-less/E- plating
Lamination
…

Varnish formulation
Impregnation
Cu lamination

Glass fiber fabric
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Requirement of Multilayer Lamination
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◆ A material for multilayer lamination requires low loss properties as well as process 
compatibility

Varnish
Compatibilities
Impregnation property

Film
Adhesion to Cu
Resin flow property

Adhesion to plating
Drilling compatibility

Thermal stability
Chemical resistance

Solder heat resistance
Electrical insulation reliability
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JSR’s Approach for Low Loss Polymer
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L: Linker, E: End group

E E

n
Core FunctionalL

Core unit
 • Low Dk, Df
 •Good adhesion 

Functional unit
 • Thermal stability
 • Good solubility

End group
 • Reactivity

◆ 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
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Item
Polymer

#1 #2 #3

Molecular Weight 90k 25k 7k

Polymer Structure Type-1 Type-1 Type-1

Dk (10GHz) 2.6 2.6 2.6

Df (10GHz) 0.0027 0.0034 0.0057

Impact of Mw on Prepreg Properties
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Impregnation

Glass fiber fabric

Too high MwAppropriate Mw

Good Defects

◆ A higher Mw polymer provides a lower Df.  However, higher Mw polymer creates 
impregnation property concerns
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Impact of Polymer Structure to Properties
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Item
Polymer

#4 #5 #6

Molecular Weight 4k 4k 4k

Polymer Structure Type-2 Type-3 Type-4

Dk (10GHz) 2.6 2.6 2.6

Df (10GHz) 0.0020 0.0013 0.0011

◆ An appropriate polymer structure (#6) was found through simulation and 
experimentation

Example of Df simulation
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Polymer’s Thermal Properties
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DSC chart
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◆ The HC-G polymer is curable by itself at over 250℃. The starting temperature of 
curing is controlled by adding an initiator. The polymer’s Tg is over 170℃
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Polymer’s Adhesion Property
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Copper foil: RzJIS = 1.5 μm

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

Sample Information
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Polymer’s Thermal Stability
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Coating,
Drying

Copper foil

Copper foil

Sample

Copper foil
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Vacuum
press

Copper 
etching
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Appearance
Dk, Df @10 GHz

Appearance
Dk, Df @10 GHz

HTS Test

150℃ / 500 h
under air

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

Procedure to Check Thermal Stability

Appearance Sample A Sample B Sample C

Initial
(Before HTS test)

After HTS test
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Change of Dk and Df after HTS test

Film Appearance after HTS Test

IMAPS 20th Device Packaging Conference | March 18-21, 2024 | Fountain Hills, Arizona

0808



CCL Properties
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Item Unit Test Condition
Laminate

with HC-G series

Electrical 
Properties

Dk -
Split cylinder resonator @10GHz

3.2

Df - 0.0013

Thermal 
Properties

Tg ℃ DMA 182

Solder resistance sec. Solder dip testing @300℃ >300

Mechanical 
Properties

CTE ppm/K x-y axis, α1 23

Peel strength N/mm with H-VLP3 Copper foil 0.9

Copper foil

Copper foil

Impregnation

Drying

Vacuum press Copper etching

Glass fiber fabric

Procedure and Properties

CCLPrepreg

◆ HC-G series achieves a great balance of properties in CCL applications
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Summary
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Prepreg
w/ HC-G

CCL
w/ HC-G

◆ As 5G/6G wireless technology expands, IC-Substrate and PCB 

designs require low loss dielectric materials that decrease loss 

at high frequency, and achieve high signal speed

◆ JSR has developed the HC-G series of thermoset polymer with 

low Dk and Df

◆  HC-G series yielded Dk of 2.6 and Df of 0.0011 at 10 GHz, as 

well as peel strength 0.8 N/mm.

◆ HC-G series showed 70% lower Df than other polymer systems 

after the HTS test at 150℃ for 500 hours

◆ CCL with HC-G series provides the low loss properties required 

for high-speed / high frequency applications

IMAPS 20th Device Packaging Conference | March 18-21, 2024 | Fountain Hills, Arizona

0811



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