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Novel Low Loss Polymer
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Hikaru Mizuno, Takeru Kameyama, Yuutoku Yamashita,
Kenta Nishino, Shintarou Fujitomi, Naoyuki Kawashima

JSR

——

3/20/2024 IMAPE2024



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

Outline L

1.Introduction of JSR
2.Background
3.Concept of Low Loss Mz IGEIR D[]y
4.JSR Approach for LowjgRe =SS e\ 15
5.Low Loss Polymer’s Pige]sl=lge (=15

6.Summary

3/20/2024 IMAPE9024 2



I n t rO d u Cti O n ”\6?Otfjeg R(agiGOilf-eacet‘lMarpch 18-21, 2024 | Fountain Hills, Arizona

Year of Establishment

1957

In 1957, when petrochemical products were
indispensable for industrial development, Japan
Synthetic Rubber Co., Ltd. , now JSR Corporation, was
established with the mission of domestically producing

synthetic rubber.
Number of
business sites

* s of Ageil 1, 2023

s

. The JSR Group operates in 19 locations in Japan
L] .
and 28 locations overseas.

Number of Employees

7,994

* Number of consolidsted emplayees as of March 31, 2023 '.
od

s
-

0f this number, 4,353 employees .‘
work at overseas business sites. o

(OTHER BUSINESSES

PLASTICS BUSINESS
DIGITAL SOLUTIONS BUSINESS

23.4%
Revenue Breakdown N.7%

by Business Segment(FY2022)

408.9~~

62.2% of these sales are overseas.

LIFE SCIENCES BUSINESS

R&D Expenses

H U ﬁ . N
* Y2022 resulis (Apeil 1, 2022 - Masch 31, 2023)
* Wit JSR Group, inchasing conract sEseareh expense of goods purchased.

We are itted to research and development
for future technologies.

Percentage of annual paid leave taken ( *

* FY2022 fESUTS INCHUg EMplOyEES SeE0NBd 1o JSA. \
] {pril 1, 2022 - March 31, 2023)

We encourage a work-life balance.

3/20/2024
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B Frontend 2 Back-end

1. slicing Substrate 2. Resists coating/ 3. CMP 4. Multilayer wiring  5.Temporarybonding 6. Cleaning 7. Dicing

. Exposure . /Wireformation
‘ =
> .O. -’

Lithography Materials Process Materials Advanced Packaging Materials

Driving technical viability of semiconductors. Adopted in advanced applications/layers. Strong position in WLP.
Strong position and market share expansion in leading- Aiming to increase adoption opportunities as Aiming to develop new materials including 3D
edge fields. processes become more complex. mounting and substrates.

8. Packaging

“ -
-

Photoresists Multilayers . Thick Layer photoresists Raw materials
(EUV, ArF, KrF, i/g line) (Underlayer, Topcoats, SOG) CMP materials Cleans Cu Pillar(Plating PR) for IC-Substrate/PCB
(NEW) HC-G series

9nm LS, LWR1.2nm Deep Pattern Transfer

[ naétafoxind|Resis| | AAAN D
‘ (I (860nm)

Sio,
100nm CH (10p0Onm)
After SiO2 Etch
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€ Global datasphere is significantly increasing with the growth of the information society

Phones

Endpoints

Vehicles

Sensors

Global Datasphere [ZB]
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Annual Size of the Global Datasphere

.l

2013 2014 2015 2016 2017 2018 2019 2024 2025

Source: IDC Global DataSphere
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JSR

Solution for High-spéed Telecommilinications ES

€ High frequency signals enable high-speed telecommunications

) ((6R)) conrones

5G mmWave ((( )))
28-48GHz
Cell towers
[Small cells]
5G Sub-6 — ((.)))
<6GHz —
TR I I I mmWave radar 3 W W
/ﬁ?\ n 77-79GHz “\ anal fon
m (e WY (e e
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€ IC-Substrate and PCB require low loss materials due to long signal transmission paths

f Motherboard
Size ~485 mm

IC-Substrate
Size ~100 mm

Signal loss [dB/line]

Frequency
3/20/2024 IMAPE%024 8
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Mat

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

.

N

Dielectric loss > Dk, Df
Dielectric loss = k x f x ¥Dk x Df

f[m\

-Dielectric loss is proportional to
frequency, ¥Dk and Df.

k: constant

f: frequency

Dielectric Dk: Dielectric constant
Df: Dissipation factor

Electric field

Key: Low Dk, Df

J

-

Conductor loss 2 Skin effect

Current flow Current flow

MMA.»%A

Skin depth(d)

Cu Cu
; 1 f: frequency
Skin depth § = —— " .
/_f - M permeal_all_lty
Tl o: conductivity

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

3/20/2024
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€ Dielectric constant (Dk)
Clausius—Mossotti equation

Dk—(1+2 )/(1——

P..: Molar polarlzablllty, V., Molar volume

To achieve low Dk

v Smaller Pm
= Low polarity design of a molecule

v’ Larger Vm
= Design of large molecular volume

J

J

JSR

¢ Dissipation factor (Df)

Microwave ~ mmWave
Dipolar

Atomic
Electronig

103 106 109 1012 1015
Frequency [Hz]

Df (= tand) = =

r

(& The real part of permittivity, &”: The imaginary part of permittivity)

To achieve low Df

v' Low overall permittivity
= To suppress dipole orientation
of a molecule

.

3/20/2024
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D

Existing Low 'LosS Matérial ™ ™

€ A low Dk/Df polymer can be designed using the following strategies: @low polarity
structure, @inhibition of molecular mobility and ®large molecular volume

0-01 N L L L L] L] L] I/_I__l__l_l._I__l_.l_I._I__I_J_I__l__l_J_I__l__l_J._ N
; , PEI |
Engineering plastic Molecular mobilityn @ :
- gmm I
| Modified !
: PPE < SI
N
N ! LCP ° T |
3 - @ ot PEEK_|.'
a Fluorine system Polarityy ~—~~-"""--------------tEER-- L <
® Hydrocarbon-system
«. 0.001 PFA
(] Cyclic olefin
”Vd“’g‘e“ated rubber _eoc N Molecular volume /
Molecular mobility~ . C@P Styrene system
- A\ . S-PS APO : Amorphous polyolefin
,/P TFE PP ,/,f / S-PS : Syndiotactic polystyrene
;@ @ o /155 PFA : Perfluoroalkoxy alkane
! , e COC : Cyclic olefin copolymer
Mo T APO o COP : Cyclic olefin polymer
0.0001 ——
2 2.2 2.4 2.6 2.8 3 3.2
Dk @10GHz Source: JSR research
Development of Substrate Materials for Electronics Package CMC P115
3/20/2024 IMAPE$024 12



Requirement of Miltilayer Laniination =

€ For manufacturing a CCL and a multilayer lamination, numerous steps are required

CCL (Copper Clad Laminate)

:-'_
Glass fiber fabric h
Varnish formulation DFR patterning
' Cu etching
Drilling

Desmear

3/20/2024 IMAPZ2024 13



Requirement of MUltifayer Lamiihation JoR

€ A material for multilayer lamination requires low loss properties as well as process
compatibility

= Solder heat resistance

Varnish = Electrical insulation reliability

= Compatibilities
= Impregnation property

—
—_—

Film
= Adhesion to Cu

RS o [P pSnay = Thermal stability

= Adhesion to platin
P J » Chemical resistance

= Drilling compatibility

3/20/2024 IMAP&9024 14
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€ ISR 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 ELPAC™ HC-G series

/N /N

End group Core unit Functional unit
e Reactivity e Low Dk, Df e Thermal stability
eGood adhesion e Good solubility

L: Linker, E: End group

3/20/2024 IMAP&02024 16
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€ A higher Mw polymer provides a lower Df. However, higher Mw polymer creates
impregnation property concerns

0.010
Polymer
Item 0.008
#1 #2 #3
0.006 | o
Molecular Weight 90k 25k 7k a o o0s
Polymer Structure Type-1 Type-1 Type-1 0,002 ¢ °
Dk (10GHz) 2.6 2.6 2.6 0
Df (10GHz) 0.0027 0.0034 0.0057 0 20 40 60 80 100
Mw [x 103]
Appearance of prepreg
. . Impregnation .
>\ Pres A

0 0
0. .0 0. .0

Glass fiber fabric

Appropriate Mw  Too high Mw

3/20/2024 IMAP&3024 17



Impact of Polyifief Strticture

t6 Pr6perties

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

experimentation

Polymer
Item
#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

Simulated Df value @10GHz

0.008

0.006

0.004

0.002

Example of Df simulation

JSR

0 0.002 0.004 0.006 0.008

Measured Df value @10GHz

3/20/2024
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DSC [mW/mg]
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Polymer’s Thermal Prope

The HC-G polymer is curable by itself at over 250°C. The starting temperature of
curing is controlled by adding an initiator. The polymer’s Tg is over 170°C

DSC chart DMA chart
Polymer #6 + Initiator
3.0 1.E+10 ¢ ; 1.E+04
- 1E+09 H----- ' 1.E+03
2.0 2
- 1.E+02
1.5 POLVT_e; #6 1.E+08 ¢ _
+ Initiator _ 3 | L evor
1.0 Polymer #6 & 1Eg+07 L
0.5 A W 1.E+00
1.E+06 E
—\ E
0.0 \ : 1.E-01
-0.5 1.E405 E 1 oo
-1.0 C | | | 3
50 100 150 200 250 300 1.E+04 1.E-03
50 100 150 200 250

Temperature [°C] Temperature [<C]

tand

3/20/2024 IMAP&9024 20
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€ Sample A, which contained HC-G series, shows a good balance between Df and

adhesion

Sample Information

Sample# Polymer Initiator
Sample A HC-G series w/
Sample B | PPE based polymer-1 w/
Sample C | PPE based polymer-2 w/

3/20/2024

JSR
Peel Strength vs. Df
0.003
|
Sample H
0.002 Sample C
& Bery
Q
0.001 4 ®
Sample A
0
0.5 0.6 0.7 0.8 0.9

Peel Strength [N/mm]
Copper foil: Rzys = 1.5 um

IMAP&2024

21




P O | y m e rl S T h"\/leAPSI’}i;ﬁvicaeTckgfonaferbcei TT%V1 2024 | Fountain Hills, Arizona EI\{

€ Sample A, HC-G series, shows better thermal stability after HTS test compared to
other polymer systems
Procedure to Check Thermal Stability

Coa_ting, Copper fo Vacuum Copper foil Copper
: Drying press etching HTS Test
Copper foil ———— Sample —_— Sample _— Sample > Sample
Copper foil Copper foil tﬁg;ﬁ_ éifoo h
Change of Dk and DF after HTS test ApearanCe Apearance
o ADk - ADf Film Appearance after HTS Test
E . E 0.015 Appearance Sample A | Sample B | Sample C
= = =
. 0.6 o \ .
£ I £0.010 | § (Befor{emlfll'la}ls test)
d\é:/o.4 . % ! § § _ =
Sample A Sample B Sample C Sample A  SampleB  Sample C

3/20/2024 IMAP&9024 22
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JSR

€ HC-G series achieves a great balance of properties in CCL applications

Procedure and Properties

Copper foil
M Imp.regnationb M Vacuum press . M Copper etchin(—]> M
Glass fiber fabric "9 prepreg ConpeL
. i Laminate
Item Unit Test Condition with HC-G series
: Dk - 3.2
PEIectrlan Split cylinder resonator @10GHz
roperties Df - 0.0013
Thermal Tg C DMA 182
Properties Solder resistance | sec. Solder dip testing @300°C >300
Mechanical CTE ppm/K X-y axis, al 23
Properties Peel strength N/mm with H-VLP3 Copper foil 0.9
3/20/2024 IMAP&I9024 23
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Summary JSK

&€ 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°C for 500 hours

€ CCL with HC-G series provides the low loss properties required
for high-speed / high frequency applications

3/20/2024 IMAP812024 25
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Thank you!

Hikaru Mizuno (hmizuno@jsrmicro.com)
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