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The information contained is believed to be reliable, but no representations, guarantees or warranties of any kind are made as to its accuracy, suitability for
particular application or the results to be obtained therefrom. The information is based on laboratory work with small-scale equipment and does not necessarily
indicate end product performance. Because of the variations in methods, conditions and equipment used commercially in processing these materials, no
warranties or guarantees are made as to the suitability of the products for the application disclosed. Full-Scale testing and end product performance are the
responsibility of the user. Zeon Corporation (including its affiliate companies) shall not be liable for and the customer assumes all risk and liability of any use or
handling of any materials beyond Zeon Corporation (including its affiliate companies), direct control. The SELLER MAKES NO WARRANTIES, EXPRESS OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PUPOSE.

Nothing contained herein is to be considered as permission, recommendation, nor as an inducement to practice any patented invention without permission of the
patent owner.
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Zeonif product portfolio Overview
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Design Concept of XL-Series

XL-Series contributes to achieve the High Speed/Freq.
and high reliability substrate.

---High Speed--- ---High Reliability---

PTFE Type

__________________________________________________________________________________________

Low Dielectric Loss
Thermal Shock

Epoxy Type

Low Conductive Loss Insulation Reliability
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General Properties of XL

Zeon Others
XL (halogen) XL-HF
Content i
Low Dk High Dk
halogen-free  halogen-free
Dk(1GHz)
Df(1GHz) - 0.001 0.001 0.003 0.018 0.0013 0.002
Tg(DMA 1Hz) C 180 180 175 155 20 190
CTEZ(<Tg) ppm/C 50 45 40 65 - 45
CTEx-y(<Tg) 12 12 12 16
Cu Foil Roughness | pm ks ks i — P
<150nm <150nm <150nm >>1pm >>1pm >1lpm
Peel Strength
(thickness35 ¢ m) kN/m 1.1 0.8 0.7 1.4 0.8
Water o )
abs.(23C*200HR) /o 0.06 0.08 0.08 0.2 0.15
Glass Cloth - E Glass E Glass E Glass E Glass E Glass E Glass
Young's modulus GPa 12 15 15 21

Low loss and low moisture absorption material
compatible to general packaging process
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How to get low loss?

HDielectric LossH B Conductive LossB
(Ld) (Lc)
Resin

OH
Conventional Qk/oo
OH Common
Cu Foil

M Resin
XL-Series " m
R Profile Free
Cu foil

COP (Cyclo-olefin Polymer) > Low Ld
Profile free Cu foil - Low Lc

Low Dk/Df Cross linking
Low water abs. Adhesion
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Transmission loss in micro strip line

Micro Strip Line XL transmission & Cu roughness
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Extremely low transmission Loss due to low Ld & Lc
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Fine line/space

Subtractive process MSAP
L/S = 14/14 L/S = 8/8

Georgialnsiituite
off Technolog)y

Very fine line/space feasible because of profile-free surface
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Low moisture absorption

HDielectric LossH B Conductive LossB
(Ld) (Lc)

Resin

OH
Conventional ék/oo
OH Common
Cu Foil

M Resin
XL-Series " m
R Profile Free
Cu foil

Low Dk/Df Cross linking
Low water abs. Adhesion

No polar group in main chain
- extremely low moisture uptake




ZEON TS
Insulation Resistance Test

Test Condition: 130C*85%RH*100V

1 E+12 <Test Piece Info.>
1E+ 1 e
XL-Series
1.E+10 | |
<)
S 1.E+09
§ Epoxy Type
2 1.E+08
o
1E+07 || ]
<Test Sample>
1.E+06 -Thickness ; 0.8mmt
-Hole number ; 20holes
1.E+05 ‘ ‘ ‘ ‘ -Land diameter ; 0.4mm
0 200 400 600 800 1000
Time[HR] *Pre-Condition:

MSL 2A / 260 C(JESD22-A113)

High resistance up to 1000HR.
11 NN 6 June 2013
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Thermal Shock Reliability

Test Condition: -65C*30min~150C*30min

Concuctivity Resistance Rate [%]
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Epoxy Type

500

1000

PPO Type

1500

cycles

2000

XL-Series

2500

3000

<Test Piece Info.>

= :'f-'.'
TR T

<Test Sample>
-Thickness ; 0.8mmt
-Hole number ; 100holes
-Land diameter ; 0.45mm

*Pre-Condition
MSL 2A / 260 C(JESD22-A113)

High resistance even under sever condition
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Processability of XL

[ Press & Drilling) Process Condition FR-4 XL-Series
Temp. 160C 190C
Lamination Pressure 2.5MPa(363psi) 3MPa(435psi)
Time 50min 30min
Drilling Chip Load 20um/rev 20um/rev
(0.3mm¢) Speed 120~ 160krpm 120~ 160krpm
Process Comp. FR-4 XL-Series
[ Desmear] _
Swell seﬁ:gﬂa:;_” 60C*5min 60C*5min
Rinse Deionized water R.T*20s(3) R.T*20s(3)
Micro etch aorac, 80C*10min 80C*10min
Rinse Deionized water R.T*60C(3) R.T*60C(3)
. Securigant P500 N N
Reduction 98%H2504 aq. 40C*5min 40C*5min
Rinse Deionized water R.T*20s(3) R.T*20s(3)
Dry Air 150C*30min 150C*30min

FR-4 process compatible
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Lamination property
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Good resin flowability almost same as FR-4
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Summary of XL

1. Extremely low dissipation factor(Df)
-minimizes dielectric loss(Q, ) of a circuit
-achieves high frequency transmission

2. Profile free conductive layer
-zeronizes conductive loss(Q) delivered from Ra/Rz
-realizes fine line spacing with subtractive process

3. Low moisture absorption
-reduces resistance change under humidity test

4. Good processability

-provides multilayer PCB with conventinal process
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Joint work at GT-PRC
RF module with XL-200 (high Dk)
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Material Volume (mm3) Insertion Number of Dk Df
Loss (dB) Layers
FR-4 1.32 (2.2x3x0.2) 2.1 4 3 0.004
LTCC 2.72 (2.2x1.4x0.9) 1.7 4 7.8 | 0.001
Ik 12 1.6 4 =1 u0ne
BT 2.38 (2x1.7x0.7) 2.2 8 - 0.02
XL-200 | 0.85 (3.5x4.6x0.05) 1.08 2 6.5 | 0.003

Small and high performance filter due to low loss and high Dk
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Top view of assembled module X-ray image of module

Filter Cavit

Cross-section of module

World's thinnest 130um receiver module




Pl | Georgialnstimut
= o Technology

Receiver Module Response

20
m1: 2.471e9 Hz
9.207 (dB)
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M
a
g -20-
ma: 2.434e9 Hz
r_‘ -10.53 (dB)
| \ - SOLT Calibration
t 404 m4: 5.239e0 Hz
u m3: 1.947¢9 ~28.95 (dB) « GSG 500um RF probes
q | 3350 (45) «  Supply: 3.3V, 14mA
e 604 * Vector Network Analyzer
Insertion Loss
(dB) e e A e
2 Gain ~9dB at 2.4GHz [ EETIReS
High Rejection at 1.9GHz
P and 5.2GHz as required
0  1e+009 2e+009 3e+009 4e+009 5e+009 6e+009 7e+009
Sonnet Software Inc. Frequency (Hz)

Demonstration of 130um thin RF module
with specification satisfied
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Summary

ZEON

Super-thin WLAN RF Receiver with embedded passives and
chip-last embedded GaAs Actives has been
demonstrated with XL-200 (high DK)

® Reduced form factor
e 130um World's thinnest 3D organic module
e 5-10X volume reduction
® High RF performance
e Gain: 9.2dB
« QOut-of-band rejection: 34 dB

® Embedded passive substrate testability for selective site
die embedding
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Your Zeon contacts

USA - 15t point of contact:
Chris Blatt

Tel: +1-408-817-0135
cblatt@zeonchemicals.com

ZEON

USA - Technical:
Toshihiko Jimbo

Tel: +1-503-330-6249
jimbo@zeonchemicals.com

Asia — Commercial/Technical:
Junji Kodemura

Tel: +81-3-3216-0590
kodemura@zeon.co.jp

www.zeonchemicals.com




