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Liquid crystal polymer (LCP) is a thermoplastic resin with low dielectric constant (relative permittivity) and

dissipation factor in the high-frequency range and is expected to be applied to the next-generation high-speed

communication applications. Based on our accumulated technologies, new LCP resins/compounds for these

applications have been studied and some products having unique and excellent properties have successfully

developed. In this article, details of developed materials designed for films and connectors, which are promising
applications of LCPs with low dielectric properties, are reported.
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A Skin layer

Core layer

Skin layer

Image through polarized light microscope

BB skin-core structure of LCP
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Skin layer
Core layer

Skin layer

Schematic image of the molecular
orientation of injection-molded LCP
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B Typical structure and corresponding soldering heat resistance temperature of LCP Type I- Il
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of HNA/HBA copolymers with different
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Test conditions: JIS K7199, A2 method
Inner diameter of capillary die = 0.5 mm
Length of capillary die = 10 mm

BEEX Temperature dependence of melt
viscosity of low dielectric dissipation
factor resins A and B

ar:1JERM  Physical properties of low dielectric dissipation factor resins A and B

Resin A Resin B Resin C
Melting point (7;,) °C 315 323 280
Melt viscosity (75, + 20 °C) Pa-s 100 85 50
Soldering heat resistance temperature °C 275 280 230
Water absorption rate % <0.05 <0.05 <0.05
Relative permittivity (Dk)* 3.5 3.6 3.3
Dielectric dissipation factor (Df)* 0.001 <0.001 0.002

*: Split cylinder resonator method, 10 GHz, 23 °C, 50%RH
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Coating and pre-drying Annealing

100-150 °C

Upto 250°C

T B L =L

Production process of film using soluble LCP
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Developed LCP for Conventional LCP
micropowder

B Dielectric dissipation factor of developed
LCP for micropowder at 10 GHz
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BEEE Appearance (left side) and scanning electron microscope images of micropowder (right side)

LW Comparison of environmental condition dependence of dielectric properties between hybrid LCP and
modified polyimide at 10 GHz (cylindrical cavity resonator method)

Hybrid LCP

Pre-conditions (Soluble LCP and developed LCP micropowder) Modified polyimide
Relative permittivity 5hat120°C 3.5 3.6
(Dk) 72 h at 25 °C and 50%RH 3.5 3.7

48 h at 23 °C in water 3.5 3.7
Dielectric dissipation factor 5hat120°C 0.0016 0.0009
(02)] 72 h at 25 °C and 50%RH 0.0017 0.0032

48 h at 23 °C in water 0.0021 0.0064
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— Hybrid LCP (Before treatment)
Hybrid LCP (After treatment)

— Modified polyimide (Before treatment)

— Modified polyimide (After treatment)
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Measurement equipment: Network analyzer E8363B
(Keysight Technologies, Inc.)

Measured frequency range: 1-40 GHz
Measurement condition: C-24/23/50

Water absorption treatment condition: D-23/48
Insulator thickness: 50 pm

Copper foil thickness: 12 pm

Pattern length: 100 mm

Mode: Differential mode

G Comparison of transmission loss
between hybrid LCP and modified
polyimide
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Wikid, TS LCPORHEAE A L KGEER S L
— F & L CSUMIKASUPER E6205L, SUMIKASUPER
SR1205L% Eifi, HkFe L C\% (Table 3).
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AHTALCPEIEA# B3 % Z & TR+ &8
L. X5ICJHBREE s L CFER, XU
BIEEOZALA Yt EUE 2 L — F T b % E6807LHF &
WU OUMNOWEREE2AL TS (Fig. 11).
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1R M Dielectric properties of SR1205L and E6205L at 1.0 and 10 GHz

Low relative permittivity (Dk) & Low relative Standard
low dielectric dissipation factor (Df) permittivity (Dk)
SR1205L E6205L E6808LHF Z
Relative permittivity 1.0 GHz*! 2.9 3.6
(DFk) 10 GHz*? 2.8 3.7
Dielectric dissipation 1.0 GHz*! 0.006 0.004
factor (Df) 10 GHz*? 0.005 0.005

*1: Measurement along Z-axis by the capacitance method using an impedance analyzer.
*2: Measurement along TD direction by cylindrical empty cavity resonator method which is compliant with IEC 62810.
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m Temperature and frequency dependence of relative permittivity and dielectric dissipation factor measured
by triplate-line resonator

1Y Dielectric properties of the SZ6920 series (grades with controlled relative permittivity) at 1.0 and 10 GHz

Low relative

Relative permittivity (Dk) controlled permittivity (Df) Standard
S76920
E6205L E6808LHF Z
RP25 RP30 RP40 RP50
Relative permittivity 1.0 GHz*! 2.5 3.0 3.8 4.9 2.9 3.6
(Dk) 10 GHz*? 2.4 3.0 3.9 5.1 2.8 3.7
Dielectric dissipation 1.0 GHz*! 0.003 0.004 0.005 0.005 0.006 0.004
factor (Df) 10 GHz*? 0.004 0.004 0.003 0.003 0.005 0.005

*1: Measurement along Z-axis by the capacitance method using an impedance analyzer.
*2: Measurement along TD direction by cylindrical cavity resonator method which is compliant with IEC 62810.

1M Dielectric properties of the SR1920 series (low dielectric dissipation factor grades with controlled relative
permittivity) at 1.0 and 10 GHz

Relative permittivity (Dk) controlled & Low relative permittivity (Dk) &

low dielectric dissipation factor (Dy) low dielectric dissipation factor (Dy) Standard
SR1920
SR1205L E6808LHF Z
RP25 RP30 RP40 RP50
Relative permittivity 1.0 GHz*! 2.5 3.0 3.8 4.8 2.8 3.6
(Dk) 10 GHz*? 24 3.0 3.9 5.1 2.7 3.7
Dielectric dissipation 1.0 GHz*! 0.002 0.002 0.001 0.001 0.002 0.004
factor (Df) 10 GHz*? 0.003 0.002 0.001 0.001 0.003 0.005

*1: Measurement along Z-axis by the capacitance method using an impedance analyzer.
*2: Measurement along TD direction by cylindrical cavity resonator method which is compliant with IEC 62810.
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