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Newly Developed Innovative LCP Resins Sumitomo Chemical Co., Ltd.

Applied into LED Usages IT-related Chemicals Research Laboratory
Satoshi OKAMOTO
Yasuo MATsumi
Shintaro Sarto
Ryo MiyakoOsHI

Takeshi Konpo

Recently Sumitomo Chemical Co., Ltd. has developed two types of innovative liquid-crystalline polymer resins
(abbreviated to LCP) for use in the area of high-power LED applications. One is a novel catalyst-polymerized
LCP and the other one is our original soluble LCP. Catalyst-polymerized LCP has been applied to high-power
LED package housing materials by making the best use of the resin whiteness and heat resistance. Some commercial
compound grades mainly composed of catalyst-polymerized resin have already been accepted by customers in
LED applications such as TVs, lighting and pocket projectors.

On the other hand, by succeeding in the solubilization of LCP and the development of cast films, Sumitomo
Chemical has made applications in substrates incorporated into components which use films with a high level
loading of inorganic filler compared to extrusion and tubular film processes. By using original techniques, we
have developed super high thermal conductive circuit boards for use in high-power LED applications such as BLU

and lighting to extend LED lifetimes. In the present report we introduce the latest situation.
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Normal Thermoplastic
Engineering Plastics
(Heat Resist. Range : 100~140°C)
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Nylon (6,6, 4,6-)
Crystal *E Polyacetal

Polycarbonate

Amorphous

Denatured Polyphenylether

Polyphenylenesulfide
— Crystal {Polyetheretherketone

Fluorocarbon Polymer

Engineering
Plastics 1 ~ Thermo |  Liquid .
Plastics Crystal Wholly Aromatic Polyester
Polyarylate
Polysulphone
) L Amorphous Polyethersulphone
Linear —
Polyetherimide
Super
Engineering Polyamideimide
'— Plastics
; Pol hyl
(Heat Resist. Range L Antl-’.I‘hermo 4‘ olytetrafluoroethylene
>150°C) Plastics Polyimide
Crosslink Polyaminobismaleimide

B  standard classification of engineering plastics

%=t I LED 2SR R PR RFM Th D . i &
NAMEHCERREh 23R8, ZhE To/MJILED
3R -5728DE 5D MRHEKRORIRH G KD 5
N5, BRI Rz B L.
KB D Z & 12X D LED OFanil 5 2 2 JE3084
BINORENIEFIZREL B KR Sy r—VE
RIZH W 2 B O S EE. FEEPR O @B 2t 7
ENRIBOMEL 55T B,

W TIE IS OFE A, 19794 LIk OF L F2h
O Y v — (LCP) Oy ri%it, EA. IV
28 v R R & > TBHE, R ICE D flA TS,
ELRIIZIZ 200245 DIk 4 & 3628 L 7= LCP B3 35
B, Brifik (k) 12X 28RO A& LCP
DAL 2 & OFifhi Z B LT LED /7Sy r — VfE
A, LED ¥ 2 — L FHHESE 25 & ~NOHLD LA %
FEL T %, KR TIdZ OBERFE ZhE i\
DB O— 28T %,

&R ¥ — (LCP) DA FExEt RV T DEAHKIM

1. LCPOHFE%5t

Fig. 1 IR L 72 K5 IR E R TORIEA R Y =5 1L
Vi BALERBE THA DT STV A DR L, R
)% — DAMESIRIEE & 5K ) v — & L THE—#J)2¢
) ZRREDR L FRICBIN TS5, 2 DL EME % 14 Fig. 2
IR POB (VS5 b FuF v REEFRE) #FRKpEL
IR IEE (X Y) ATEgPcAET A4 %é%
DEEFELAERVZZATILTH S, WRHIREEZ R T 7201
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BEE Chemical structure of liquid crystalline
state generator
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2 W NS A AT 2 . €72/ — k&
BN oy & LA S 5 /. RFREDOIR O %
HAEAT 5 ik, SEBFICERILZEAT S SR
EMnfrbh T3 (Fig. 3) 3,

FEICHIR I T 285 L LT, » D TREO
B AL FEL 72, WEWE (fE 2z b AMEREE) il
A 4TI~ TIZXP & 72 LCP (Table 1) U4t
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SR A DI 20104E T4 b v E RUAZ R T
Wb, S%EEFRMONYLAES T, T —
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EREEATHIZ SR, LCPIZYmiOM, FFE10% L)
Lok iEd 3 L Pl h T 59,
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Rigid mesogenic unit

—

Polymerise by direct connection

v
Rigid rod polymer
(very high melting point) » Reduce transition temp.
O T e O sy by adding a solvent to
70@?‘;7 ()O (LH)— ()O:‘gf give a TOU‘OplC LCP
M(idlfy to reduce temp.*and give a thermoh‘opic LCP Lyotropic LCP
Links giving Bulky side-groups Flexible spacers O ©)
- I S O
more freedom or chains o F
| g/ : : L-lL —
@)
- | o e S

Tm further reduced by incorporating the modifying units

at random. This approach is also effective with straight

units of different lengths or small portions of kinked units.

Random Copolymers

— T

BGEEEN  Schematic description of conventional design of liquid-crystalline polymer

1L N Classical classification of standard commercial LCP grade

Type Chemical Struct.

r r 0 0
Ekonol (Type I) o@coo%c@c% 300°C ~

i 0

Vectra (Type II) ()OCO(SJ»
i 01

X7G (Type III) Wo@ C

r 0
L ()CHzCHz()HCO

¢
¢

]

HDT* Commercial Grade
SumikaSuper®
Xydar®
240 ~ 280°C Vectra®
®
- 910°C Rodrun
Novaccurate®

* HDT: Heat Deformation Temperature

2. LCPOEAH M
LCPOBEFITAMEA LN N TH 5, Lid
POBIZRE I N B EHFIHKL FuF s HLR VgL AE
B HNR VB, FFEHRYA - LEEDL FaFf ik
MOKEERRIZ & D 72 F b L= E L, 300°C mifk
FCHER L BRI IS & B EEA IBIC L D ELET 5
(Fig.4), ZOXI ICIARMEAEIZEDENE L2 0%
ZOFEEREMEIE LTHWAAE & 505, KalEH
BAECKVEKEREOA ) T —TCHO L. Th%
X HIEMEREIC K D BEAKE L 2%, KM
ELTHW A H 5,
ZDEIIZLTHLENS LCPIZ. Eall - iR,
My, Pk tE. RyEive, (K50 P SRR,
BHRYE, A 230 7R ERk A FHE AR, 2 ORIE
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LCP Dl (IC & 2 B

LCPOEA T Ut ZI4Fig. 412 L7ze B0, 7=
J = WK O T L FALKIGE 72 b F e H
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Acetylation Reaction

CHsCOOH

Acidolysis Reaction Melt or Solid Phase

H3C*(.% —o@ COOH
0 ~300°C

oo O-Oroger A 1O OO
0 0 T (0} %
0]

HOOC -<\i//\’ COOH

CH3COOH
PBEEW  standard LCP polymerization process
@ Monomer Base Organic Cat.
+ Acetic Acid > Impurities
Average Molecular Weight Conventional Process E New Catalyst Process
e ‘@ . . - ‘@ .
- L]
@ . - @ - : -- g
‘. New Catalyst Process . Addition
' . -
- o ~ _Cat.
g T " eee
'§ Conventional Process + 7 ,..” . + o+ y
g OO | | coeee;:
- +4  Excrete . . Excrete
+ ¥ P je g
(===
DO OW® N
- - cooeoe .
Large -~ M.W. — Small ¢
m Comparison of molecular weight distribu- m Schematic description of comparison
tion between conventional and new catalyst between conventional and new catalyst
process process
1= AT & S, i L ORI X 4 5 + Conventional process
. B ) o AL BT Y T LA EORESEE L
N N impurity impurities
WA Z Mo Tn Tz, BEE A ) & &7k & marker —_—
BEIMNZIEIWEET H 5 8 DD, one—pot EAIZ E X w
Hez 7 v F AL, EFRA O RS 2 il i R .
HEhTnkro/, Tl Yhid 20024104 Retention time
72 F AL, RS Ol S W & & D 4 New catalyst process
s YA A R 2 R L 729, N
2 S . impurity impurities
PEROMEA I L7\ VERE & i LT, 7 marker il
IALSOECE & DORUGEREAE L <A kL, Bt E M
A1 5 W e < ][5 5 A3 0Y 035 2 TN G R [ M U N UK N
w2 < (Fig. 5). RISUL & & 2 4K & A Retention time
< (Fig.6). 135N BRI 6 DRAA 2 G Specialized chromatography analysis for
BIZEBNZLCPEMFAZ &N TE (Fig. 7). 20D detection of impurities in LCP
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filE | J A RE O L TRIZE R OFflE & & S IZRb
SHHCHE SN B 720K ) v — IR FE T, BBXh
BN (Fig.8). /v X TRETOI 7 ) 2 4 —
WLz L, BEEPINCT R 4 -5 EFHEEND
B ZRG L2279, FRCT v F b, EifFAR
ORIKIBIZ X 2EFCEMX 25 2 & TLCPOGHRHAH L
T5ZLEREML (Fig.9). LED HE\DER & M)
#BHbG L 72,

14

o
o 12 r )
i Conventional process
£ o0 r
2 st
2 New catalyst process
Q -
8 6
>
~
T 4T
=
2 r Shear rate; 104sec.™!
0 | | | |
340 350 360 370 380 390

Molding Temp. (°C)

BEEEEN  Comparison of melt viscosity between
conventional and new catalyst process
(E6006L)

Conventional Process

BEFEEN  Picture of neat-resin molded dumbbells of
conventional and new catalyst process

LCPOHE®B Y L — N ELEDAEANDRER

1. LCPEA®Y L — K ELEDARADER

BUR, M# A a VICEROBEAEDEL TS S
OO, LCPIHRDMEES |, LED 7 — 2137 > CTLCP®
TR AREND 2T V7R — F &k - EEAL

1P Sumitomo’s commercial and R&D LED grades

BTEH29, »OTUIBIEOHEGE L I 2 L Ol Tifi
LT AV ICHITESE 5o 72h, 5T BN
D7 ) — xS TEHILE N Y & s &SR IR Y
WL B)8yr =V TIEAAL VICLCPAHHI Eh Tk
0. B TIELED D@l k. A /87 —{baidd ¢
2o, A eIt BUZ K3 EDOD RN LCP
WA Z 5T, 2O LD AR, 6, BIELED
7L — K& UTRIMEEIZBNT, 6TRITHDF 4 1
v LW 2 e R A AT RE 2 2 £k 2 X 7 2 — 23 —=CLCP D
k9544 TIOLCPHEHEHRV TS (Table 1),

LCP3pEk. 300C YL LS COHES 71+ 2 Tl
WENB720, BIKGIZX38EOEArRENSY
BNH o7z, ZDF, LED @ TidikiLF 2 v %4 H
WTHEE Z BT X T B4, 4 avisiN
TR R THBME» S > 7=, ZHU L, Ytk
T3 R OIE AR A O 2= EA LA R T 5
ZEicky., EEEOKELN EOATEL ., BIRIG
Iz, KHEDEEI (Fig. 9). KIEADREED A
M 2z 1) b A& ATRELC U 7=,

WX Z Ok K B @ A4 20 L7z LCP %X —
ZIZHWB Z LItk b, BORHFEEETSLED Sy
br— VRIS & 2038y Y R, LED it
BUR B ER ISR RE AR ERE ) (=— MIET
9,200t/4F) ZHRAIZ, FA 0 IZEREHE S 7ZLED
I8y = VEGRHBIROTIE T R L EX 5L, |
FWRINPEIR 24T > T\ B, F7225y r — DN Rk s
L— FOATEL, ZOMBRADOHENE LNEWE, HiE)
PEEA L, WS EE T vN—2 =% L DR —F
Ml & R A BT 5 3 10 4 — &S i
NI LT %,

2. LED/Nyr—HACINY U RTL—FK

Wik [ZAI A 23O OEMEELED L —F
(Table 2) & UC. WEH:-2H 12N EC T & 460nm
2B B ISR 2% DEEHE 'L — K [SZ4709] K ONE it
BTG 88UD At 7 L — I [SZ6709] #BH¥ Il
LB, HAZTTEL., BB, @ELE OO
LED X =/ —IZBWTERT v b Tuv 74— Wl
TLE, NA487—HLED & EIZERH hTw5b  (Fig.
101372 D—6) 10, i L — F& ¢ SMT (FifiFd)

Grade Reflectivity @460nm Heat performance Applications
SZ4709 For AuSn soldering 82% Highest Pocket projector
and SMT use Lighting
SZ6709L For AuSn soldering 88% Higher TV
and SMT use Lighting
SCG-233 For SMT use 92% High Under evaluation at domestic and
(Codename) overseas LED manufactures
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IEEEIN Picture of LED packages molded by
commercial grade

HIBThH B0, BEME» S8 7 ) — 2 e LTlib
NB PN Y ZITHIBTE AN A LT\ 5,

F72. PEOBILF 4 v ETHGILTRAZ &2 5,
TA YV MEREE, 5REEICEN, LED /Sy —
VOMEET v T L, AL THD Y 55 7 KT
EBRLEVOIRHEAL TS,

S5 TIZ 20108 H . 222 L — FIZH A,
SMT WG A HE 2 B 5T 92% D 1t 7’ L — B [SCG-233
(FA¥ET—F) | OBRIZERIZEIIL T3 (Table 3) 10,

LCPDLED BB DRI

[ 2" L — FI3ME% O RAHROI T 234 7 <. 190C D
ZERHDOFH KU TS, 100FEH#% D 460nm TDK
RO T IREL» 78, ¥ Mk B -y v 7z k
ZEGHEDK FAMRD THENDOBKEBFHETH S
(Fig. 11) . F7=Xe 7 v THHHROKGHE & 4815 T
K FiE2~3K4 ~ b LR 6z, ASTM D45411234E
WU CHITE USSR, BE VI LR < 1
PSR & B A ND R TH 5 (Fig. 12), Hi7zic

) = SCG-233 (Codename) Good adhesion!!
O mSz6709L
< @ PPA e
& 16 /
=) '
= <
T 12
=)
L
A 08
5]
2
S o4t
R
=
<
0.0
Encapsulation Encapsulation Encapsulation Encapsulation
A B C D
IEEEPN  Adhesive strength to encapsulation resin
compared with PPA

1ELIERE Summary of physical properties for LED package housing grade including R&D grade

For AuSn For SMT For SMT
Others
solder use use use
Test method Unit sza709  szeroor G233 LCP-D
(Codename)
640nm 1S 91 92 95 93
Reflectivity 520nm % 87 90 93 91
K7105-1981
460nm 82 88 92 89
Specific gravity ASTM D792 - 1.89 1.89 1.99 2.19
Mold MD 0.15 0.17 0.32 0.23
0_ Sumitomo Chemical Method %
shrinkage TD 1.05 0.80 0.68 0.63
Izod impact strength ASTM D256 J/m 400 310 220 110
Tensile strength ASTM D638 MPa 120 115 100 85
Elongation at break ASTM D638 % 6.0 5.0 3.5 2.8
Flexural strength ASTM D790 MPa 140 140 133 110
Flexural modulus ASTM D790 GPa 12.5 11.0 10.3 13.1
1.82MPa 305 265 234 235
DTUL ASTM D648 °C
0.45MPa 332 290 273 -
Soldering resistance Sumitomo Chemical Method °C 320 300 265 240
SCG-233 (Codename) PPA
Test conditions 100 = 100 =
Atmosphere : air
Temperature: 190°C 80 80 ]K
S g
260 2 60 [~
R 2
S 40 - S 40
— Ohr 5 o
~ o~
—— 24hr 2 F 20 £
— 48hr
—— 100hr 0 | | | | | | 0 | | | | |
400 450 500 550 600 650 700 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

BEEEEN Reflectivity after thermal aging of SCG-233 (Codename) compared with PPA
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[SCG-233 (BA¥a—F)] Z2EATEZ LI2LD. BEIC
PCE=F—, #—FVEE=_F—, RaTLEEELEZ—
7y MZH Y TIT =2 %47 5 T B BIEF IS OEH
RT3,

LEDIC & (T 2 B P DIZE

LED IZFEBAVINE N T & 5 BRI JE A I T
H D REEENIEFICEL . REEE Aol X h
TOAEWERAICAE SEEL, »ORhE L vE
2%, @O LEDIZ & 51E 8 BeskitidEE L
0. FERMR S UT R BERRFEIZLED 7Sy o — VAL
FOEY 2 — LD T TEELEREEE 55D,

LED OEIEEIZ L 5> TEAEIZA B A =X LT
HU., LED F v FTRAE L 22BE . KRR % Uik
FERNZZ2 55T D & 7 5. BMAER OB
75 BIBRDO KBS NIEHIZR S BA(ZET 525,
WEMEDOEIBADATHOLED DIEIH D A0, 7
Z TRBIREDOMEFEM I A LED /Sy 7 — VI N E
Va— LTEIEFICEHEE 55,

LED /SNy r — v, F v 7 &IET 5 REJERIX.
RTIN I =T Lk EDEEERE b 5\ ITEMRERE
ELTHWA Z E TR S5 2%, ZD8id 398W/mK.
7L I =7 413 240W/mK & BUmER 3 Emma s, U
DI OFMEIFRG I B B TR F VEIEIE 0.2W/mK
MRS NIEF KL . BYEZET S L ToR ML
Gy k5T (Fig.13), Z0D%. @i JLED
TR T LI F B ED20W/ mKERT LT Iy
Mt e EAHWSE NS A, 7L I FIXLED #9234
BITIZIEEISE AR N TH BT EITA, BYEERIZ
FEOHEBERAR & U TR B BUPTIZE A2 600pm &
JEFIZHENDICKREL 5D, BURERREL UL T
FATRERNZ ENFREE 5> Tz,

= LED (Heat Generator)

Y Circuit Cupper Foil (398W/mK)

- Insulation Layer
(Epoxy Resin (0.2W/mK) /
Filler Composite)

Aluminium or Cu Board
(240W/mK) (398W/mK)

IEEEEN Constitution of metal-base heat
dissipation circuit board

LCPDERH & & #{nE(L

1. LCPOHECME & Bz E M

BMEEMBHNIZBYRE T 4 5 - T AF 92D
VERYy MRS, BYREIFICT 4 508
ZOBREANEHEIPZRZ S, LALERS, TAVEY Y

24

FEROBA . v M) o ZISHWE T T ZF y Tk
FIOBRPI AR E L FEFERZT 5 2F v 7 R OEME
HERRIETHEHAEMBANOREEN LN TH 5, T DL,
7 MYy 2 ZMBASORYRE A L X E 5 AN S
{EENTNWBI,

—fRIZ7 b)) oy o 2T SRS EIRIE. BdREC
FRZAHET 2 >¢E L 38w, AHET 217
BWE, ZOEMZEIE T + / VIZX A {REN KT S
TERHENTWS, 74+ / /E8ZAMETICL S
EREL IR U TERE DN X WA, T g
JERFEE AL, 77V TFT I AN ETERIEL
TW5728, BAOEEEHES 7 1/ VI EELE 2R
F< . Z ORISR & i U TR R8I/
TN ENHEN TS (Fig. 14),

0.01 Ll 1 10 100 1000 W/mK

4

foam Si02 Al0; MgO AN

T

M |

o

B ————
<> Ceramics
General polymers

Metal

LCP
e

IEPEIE  Thermal conductivity of general polymers
and LCP

ZD7x / EGLE PRI BIESDR O#EE
HF 7 LNULTHIET S ZenTcEhud, BiEAED
EE(AEL B BETH B & F A N, TOEMKNTE
& U TR ) v — OGRS T b, W
A Y v —IdTable 4l1IR L7z k60, I 7 ol

1L List of various plastics thermal

conductivities
Resin Thermal Resin Thermal
Conductivity Conductivity
(W/mK at27°C) (W/mK at27°C)
Polyethylene 0.33-0.52 LCP 0.3-04
Polypropylene 0.12 (Polydomain)
Polystyrene 0.08-0.14 Soluble LCP 0.4-1.2
PVC 0.13-0.19 (Polydomain)
ABS 0.2-0.33 PI 0.2
PMMA 0.17-0.25 Epoxy Resin 0.17-0.21
POM 0.23 LC Epoxy Resin
PBT 0.18-0.29 (Polydomain) 0.28-0.43
PET 0.15 PC 0.19
PA 0.25 Polyurethane 0.31
PPS 0.22 Phenol Resin 0.13-0.25
PPO 0.19 PTFE 0.35-0.42

u Ag  Diamond
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BN T- 03590 A 2RO SRS ERE Th 5 2 &
&L TELT 7 ANE LRSS S EEL Tl S
THRENPGIEL BN 25, w73 G FaNtA
EIREE TR & él_ﬁ@ﬁfﬂa@f@%ﬁui@ﬁﬁgﬁ%
N, ORISR XKD, sl s Z

= | owcea .
g 25 @ LCPB ;
= 2+ ALCPC ,,

> ,

2 5. MLCPD @“3
g ‘®

= L A A

£ 1 \

8 A/@ é

= 05 LT

g °

E e

q’i 0 | |
[= 0 0.5 1

Orientation Order

O3 gw N
0 < 101,
i@ﬁ

0.73 0/0.27

%H%“H% G,

BEEEEN  Relationship between orientation order of
various LCP and thermal conductivity

111568 Thermal conductivities of various LCP
applied 0T or 10 T into Z
(thickness)-direction

Applied

LCP
magnetic field
to Z direction A B C D
Thermal 0T 0.26 0.28 0.41 0.20
conductivity 10T 1.71 1.51 1.09 2.56
(W/mK) 0.91) (0.90) (0.79) (0.94)

() : Orientation order

1LY Comparison of thermal conductivities
between LCP and liquid crystal epoxy

resin
At 10T magnetic field applied

Thermal conductivity (W/mK)

Thermotropic LC Epoxy
LCP Resin
In plane (X-direction) 0.21 0.19
In plane (Y-direction) 0.24 0.32
Thickness (Z-direction) 1.55 0.69

FRIEZ 2011-1
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& TEMREIAR Y LT, BifRHNT & 25W/mK L Lo
BWEMRE R 2 RT Z EHBRICNEDODO T B Y = 7 b
THE SN T3 (Fig. 15, Table 5,6) . FZBE. 4
W § % L& F OB (MD) 13 ishic Bk 2
Ji1E (TD) (SR T5ELL EOBYZE R A KB %
(Fig. 16) ., WA ) ¥ — DEBYZEME O~ L) v &
ARt L U TR RMEZIEREICE O,

Highly thermal conductivity of LCP in oriented direction

«<0</:\\/\///_\\/_\\///—\\\/Q>
o) \ =~ Y ]\~ §\o = o

(0]

TD MD
Degree of orientation / % 50 85
Thermal Conductivity / W/mK 0.3 = 1.6

IEEEEE  Highly thermal conductivity of LCP in
oriented direction

2. LCPOEBGEM T +7—EDALRI Y ME
g/ 7 4 5—avRY v bOBRER I, ZOET
IZkDWHET N, BHHET L, FEET L EEIC

EEANBEHY (Fig. 17). WFhOT T & EEM R

LA 2 7201213, EBEMEERD 7 4 7 —DERIH

b2 BE L %, Fig. 18 (a), (D) IZIZ/HE 7L & %

MU, SO EHNTEIRE LT 1 7 —OFREHFE

&ﬂﬁ URDOHRAERNT, IVEY Y FONETIE

IZERERDENT T — é—ub“(iﬁt#{m‘o%’m‘
747—@@%@1vb0y72&&5M%fM16

Nd., ZOK. BOLERIKETIZY MY v 7 ZBIED

EZEDPHSEE 50, 74 5 —DEYRER A LT 5 XD

&7 by o ZEIEDEE(AEL A X5 Z & A RIRT

LB, Fig. 1913 BMEMIZ MY v 2 ZKiEE =K

F Vg (0.2W/mK) &¥#dRY) v — (0.4W/mK)

LL, 745—%5{k7 L3 (250W/mK) & L7254

OFMEFER 2R, BUCELTIL I OFHET S Wi

Matrix Resin Filler
Heat Flow > Heat Flow
T 1 00 O
008°
O

%008

Parallel Model Tandem Model Dispersion Model

(Maximum) (Minimum)

sy Various theoretical thermal conductive
models for resin/filler composite
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(a) Resin 0.2 W/mK

5+

Not Effective
Filler 250W/mK

= - \’/,

Caluculated composite thermal
conductivity (W/mK)
T

Eiller 30W/mK ‘
0 0.2 04 0.6

Filler volume content (vol%)

(b) Filter 30 W/mK

6

5+

Strong Effect
4 + .

Resin 0.4W/mK

conductivity (W/mK)

Caluculated composite thermal

Resin 0.2W/mK

0 0.2 0.4 0.6

Filler volume content (vol %)

IEEELN  Relationship between filler content and thermal conductivity estimated using dispersion theory
((@) in case of fixed resin thermal conductivity (b) in case of fixed filler thermal conductivity)

T e LCP (Uniaxial Order)/AIN

b C r

So 8’8 [ - LCP/AIN J/
TE Epoxy/AIN /
£ 07 poxy/ /
S ,
S 60 | Y
o e
S L /

=g v < .
EEN T 7
g3 ¥ e

= 0F e -

Z O T

O ( EEeeeeemmenooee w

0 0.2 0.4 0.6 0.8
Volume content of AIN (vol %)

IEEEEN  Comparison between LCP and Epoxy
resin estimated by dispersion theory
(Thermal conductivity of Aluminum
Nitride (AIN) assumed to be 250 W/mK)

IZEMRER N R 5 Z L hVrh 5, LCP TIE30W/mK
EHA B ZENBETH B, TR F G TR
Thbd, 7oL BoEREEIZE D, "SR
7 =13 3W/mKiE W BB R DR BN RETH D, =
7N I EEDOEEIRET 1 5 — % ERHL 72560
aVERYy bELTOHR EOERT VY v ILE 50W/mK
EAZ DL AILIET B,

FEHETE. LD mnT 4 57— TR UAYEE
(BE) 2#FEBIATRETH B Z &5, EEMmEM: &R
FTILCPA~Y M) w7 ZMIZHWAZ T, 7Y v Midk
MiZe & ORISR D b B8R L ORgE, 4 v
P, FedidE, RIS 2 EBIIR ORI A4 T L A3 ATRE
T, MR~ —=D Vv EIDIRTFEZ ENTREE LS,

LCPORIA{LH it & M EAEAR

1. LCPOT&1E

WLR) v =137 4 LA EICMNT 4 53546, Biligs
R CIER ISR LR T OB OB, —HTZ DA
Bl L <, 7 4 )L ADOBLEITIZIER IHE LA
Ho7219, ZOREERT L, Yrhidy—E b
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Yy 2 OB EFIR AR ) T 2 T IL AR I LA
LB AR LT, Ak#EAYED LCP % Fig. 2, 3
IR UL7PER LCP D4 ket & R L. NS AN AT
BIZhB &I Tikatd 52 8T, IWRIEZIHEL TR
KU~ o alZE N ERBIT 57 4 L L%EG5 T
LRI L. BRIZ 20054 IS ARGEI S TSR ATH 5 17,
56 N72T 4 L LIRIEA &R L7z as cast DIRFETIE
BT, BB U2 21d 3 2 i fEIAMIZ 1 AE
AR D E RS MERSE 23 L S WAEIHIZ 2 5 8
DD, ¥4 s s FEIAGHTHIEORER. Fohi
TANLFIT I ZE SN T 4 VAL TH DT L SR
T&E7z, TOME. BXFHERHEM. > — DT 4 £
VY g VIR L, ENETR L OBEEERZME.
L ORERRBEEARIE e & R L. SR CIEIAR W BET
B > T2EF L ULTD T 1 L 2R MIE IR OFEIFER
TN TV TR ENDILHERSHEE 28 5721939

2. WAMLCP % #EiRE (C AV - i B EAR

Table 4ITR L7z B0, MR Y v —1d =R+ 8
B AR Y 4 I FEEZA E ISR TEN B RE8 %R
T, L2 Lah6PHOLCP CldEEMEEA L & &I
BOh, WEICAEER L0728, IEHNCIER
THZLETRERET 4 5—LDAVEYy MUDE
ST EEVEBIRREY A I FENRICHRTEEYRE

1Al Thermal conductivities of various materials
and their filler composite supplier
performance

Soluble Melt-process Epoxy

LCP LCP Film Resin

Possible Filler

-~ 0/ - ~ 0,
Loading Volume 80vol% 50vol% 80vol%
Resin Thermal 04-12 03-04 02
Conductivity (W/mK) ST R ’

. Sumitomo

Supplier Chemical Co. Several Several
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Orientation of molecules

| SKIN LAYER
CORE LAYER

| SKIN LAYER

BEEEIN  Cross section view of fracture of molded
article

LCPOLEDREIERM NDER

{LAKEHETH 7= (Table 7). -iARLREETIIT L
7255812 C & % Fig. 20 1N R IR REE 23 A7 I D EL
EZEEREZLWITEEEDRIEE H 572,

Wb CIZIHENC S L 72 2 OW M LCP A& Flv, &
B8 T 4 5 — LA DE B T L CREBMRENE A A
$57Y) v MRS BORRICE T L, SRR
EWARBT 27 VM ESR OB, 7L I HAR
DR A EICHAA [T B R, ZO—fil& LTh%
L7z, BEMRENERT S5 270 7L %W T
Rons 7Y v bECHRDREE ATVAYE LCP % fiia ke (2
HT 27 IHEROYNEERE/RT (Table 8,9).

HIAT)TFLTEHNTHESNSE T~ b EHR
MBHE, HER D FRAFN & & L X, EERE LD A
T, WEELCPO & > zitEdE () X7y
AMER)  RLCIREZARE, SHREEE & Ml 2 T b,

1ELICREE  Physical properties of printed circuit board using soluble LCP compared with FR4

Soluble LCP Glass Cross
(1078-EGC)

Item Method FR4 Non Filler Including Alumina
Thermal conductivity Thermal resist method 0.5 0.7 2.6
CTE TMA (50-100°C) /TD-direction 22.4 18.1 11.6
Tensile strength modulus Autograph/MD-direction 224 242 126

8.4 11.7 15.0
Moisture absorption 23°C/24Hr Dipping 0.57 0.29 0.33
Peeling strength 90° Direction/TD-direction 15.1 11.2 8.7

(Cu Foil: 3EC-VLP)
Solder resis. 260°C x 30sec Dipping 0.K. 0.K. 0.K.
Deformation/
Coloration

1L EH Physical properties of aluminum base circuit board using soluble LCP compared with conventional board

R&D grade Conventional Base

Item Test Method Condition Unit 8W/mK 15W/mK 2W/mK
Cu - - um 70 70 70
Insulation Layer - - pm 100 100 80
Al - - mm 2 2 2
Peel strength JIS C6481 No treatment N/cm 10 9 20

PCT24Hr 10 8 -
Dielectric breakdown JIS C2110 No treatment kV(AC) 10 10 5-8

PCT24Hr 10 10 -
Thermal resistivity Sumitomo’s original No treatment °C/W 0.19 0.16 0.5-0.6

PCT24Hr 0.2 0.16 -
Thermal conductivity Thermal resistivity No treatment W/mK 8 15 1.6
Solder resistance JIS C6481 No treatment O.K. 0O.K. 0.K.

300°C x 4min. Boil Water 1Hr O.K O.K. O0.K.
Volume resistivity JIS C6481 No treatment Q- cm 3.00E+16 3.00E+16 2.00E+13
Dielectric constant 1MHz No treatment 4 41 4.5
loss No treatment 0.01 0.01 0.02
Moisture absorption JIS C6481 E-24/50->D-24/23 wt% 0.4 0.4 0.5
Surface resistivity 121°C/97% Before MQ 3.00E +07 3.00E+07 -
96Hr/DC100V After 2.00E+07 2.00E +07 -

Solder crack resistance Sumitomo’s original —40 <« 125°C 15min. Cycles 1000 < 1000 < -
CTE TMA -40~150°C ppm/°C 18 15 18
Tg DMA -40°C °C 210 210 130

FRIEZ 2011-1
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® Temperature after turning on LED

120

O Conventional Base (2W/mK)
O LCP Base (8W/mK)
O LCP Base (15W/mK)

Thermograph

Temperature (°C)

Difference
30°C

100 150 200
Time (sec.)

250

LCP Base (8W/mK)

300

LCP Base (15W/mK)

BEPEEN Heat transfer experiment of developed LCP aluminum base circuit board

Conventional
MCCL

FR-4 30 W/mK
| ]
1 1~
Thermal Conductivity of Insulating layer (W/mK) 0.4 2.0 8.0 5 30
Chip Temperature (°C) 284.2 95.9 56.1 49.2 45.3

50mm

0.4 W/mK 2.0 W/mK

/ Heat Generator

284.2°C

95.9°C

1mm

-188°C —-40°C

8.0 W/mK

15 W/mK 30 W/mK

49.2°C

W, 2 W F N = . v

-7°C -4°C

BEEEZN Theoretical CAE thermal simulation of aluminum base LCP circuit board

T IERIZONTIE, KFEEN— ZAER A — 5 —
EORFFRBRTTILIFREDET I v o HRAE %
BT ARSI OBB LA RE L T 5,
LED /37 — 554 2 %D 1m0 _ES- oM
EEBEWRETCHEZ LY, VI —v a3 v ERHEER
FERPSIREXNTED (Fig. 21,22) . FRARHERD
EEAR— ZHMUZ IR, BN REEE G T 5 5k &
LCiliGn o b T s,

WIS
Dik. OFlk (k) (2& 2otz

M L72LED /3 7 — VERLQLCP O AlVA L & Hikfli L
THF5M % LED &Y 2 — VS & iz, 2tk

28

LCP % F\ 72 LED K UHEBHFHER A~ D F 75 2D D fH
IZDOWTHIIT LT & 72,

LED /Sy 7 — ViEERMH 7L — F T4tz 5 #% . 7
ORI FOR B (likic X 3 AE ) & =— Mg
T b Y UL OEVVERERE ) 2582, LCPAASR
A 280, SHEREE. S EE, R 2
S HICEEMREE E OB AW L, HHFEEED
Ny 234 VRE (P4 Favg4F) EEOER
H ([SCG-233 (F¥¢a— 1) | TEM). @& LED —
EHEHIAE  ([SCG-233 (¥ — F) J. [SZ6709] TJE
B) . WA Ny 2 T4 DGR SO - 2R
(ISCG-233 (BA¥E = — F) |, [SZ6709]. [SZ4709| TJE&
B). BEjdEAy Py raEEmti i ([Sz4709] <
JEH) D@ T MBI ER > THhELnEE L
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