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Open Innovative Activity of Total Solution for Semiconductor Packaging
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Since the 21 century began, the mainstream of the supply chain of the semiconductor package industry has changed from
vertical integration to a horizontal specialization model. The twilight of Moore’s law, which has been a driver of the electronics
industry for the past half century, is becoming apparent and the barrier of 5 nm coming in several years is convincing. Recently,
packaging technology is strongly expected lead the continued progress of the system performance of electronic devices. In this
situation, the strategy of the packaging material business of Hitachi Chemical is dynamically changing. This article describes
open innovation through co-creation with other companies and organizations, based on Hitachi Chemical’'s open laboratory,
founded with a state-of-the-art full assembly line in 2014 at the former Tsukuba Research Laboratory (currently the Core
Technology Center). It also describes the creation and proposal of a total solution of a brand new semiconductor package,
unifying material, equipment and process.
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Concept of “Open Laboratory”
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Hitachi Chemical’s “Open Laboratory”
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Low-Temperature Curable Positive-Tone Photosensitive Dielectric Materials
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Recently, packages for semiconductors with a redistribution layer (RDL), such as fan-out wafer level packages (FOWLPs),
have been developed to achieve downsizing; increasing the pin count and lowering cost. Dielectric materials used for FOWLPs
are needing to meet requirements such as low warpage, high reliability and adhesion strength for metals used as RDL. We
developed low-temperature curable positive tone dielectric material AH series for FOWLPs. The AH-3000 has low residual
stress to reduce substrate warpage, as well as high tensile strength and low CTE for more reliable FOWLPs.
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fFC& %, F72, AH-30001fHEREAS N I L7z B2 ICHIb#%/ 88 — Y IHEIR 2 7R 37 AH-300013 B LR D HiR S fFic & b,
ALt 8 —  ORREHHT 2 Z LN EETH L, Z07zd, HlEH, Ny 7hED3FSERMEEIHINT S LT
&5,

512, BEWERER E, CTEERBIZ L ) EWEEY A 7 VIE %2 7R3 WE A 7 )V B X ORI R B o Bt 2
K2ITRT WY A 7V, SiRERRBILICAHOBMIE I CHEZ 5 23, U2 5,

2D X HITAH3000FEN Bt E B L, BWEBEEEZET 2. D729, FOWLPO FELHRE /& (558 2t imbr B
Thbo

&1 AHY U —XD4EE
Table 1 General Properties of the AH Series

B H BOfI AH-1170 AH-3000
h—> — R R
RE pm 2~20 2~35 e
REBXE| mdem’ 400 440 Vi EEBD
BHRE" pm 10 3 2 AH-3000DFE L%/ 2 — Wi (BEE10 pm)
B{LEE ‘C 180~240 «— Figure 2 Cross-section of the cured AH-3000 (10 pm")
7 2GHRE T >200 >200
B GPa 20 23 #2  AH-3000D{SHBIEHERE DT
{hUsR % 50 50 Table 2 Mechanical properties of the AH-3000
b MPa 115 147 after the reliability test
CTE ppm/K 58 45 ARYA IV SEEE
mEGH | MPa 20 6 BB EE ] DE Tane | mre
“HELSIEE10 pm BT MPa 147 147 147
{RU'R % 50 49 50
PR GPa 2.3 2.3 2.3

*—65~150"C200H 1 7 )L, **135°C/85 %/96 h

5 SikOER

- S B ITRWALIREE ( RIS 5 B it B o B g

(BEXHk]
1) A. Tanimoto, S. Nobe, H. Matsutani, Abstract of 15th The Symposium on Polymers for Microelectronics, 2012, 12.
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= 7 ¢ 1B B % BN S EE AL FB 7 I EC & B
KAGET 1)L (PAL-ACF)

Particle-Aligned Anisotropic Conductive Film (PAL-ACF) for Fine Pitch Interconnection

aH BF Akiko Iwai B B Masaru Tanaka
BRMEAS IL o hOZJAEEMPRERE 2 ETEMHBRIE

B =

PAEAR =M 74 vRF T Ly FPCEDT T v MRV T 4 AT LA DKWL, BEELIEA TS, ZRIHEST
NS HEICHER SN 5 Chip On Glass (COG) H #7738 7 1 )V 4 (ACF: Anisotropic Conductive Film) 1Z1%, w450 [l %45
Bt WHE & T A HAARIS AR D ST Wb, HIA LK T, FEBHNTCH 2 B RHT & SRR T B 2 38 g S e 72
TS R ] s g o s SEL B -8 20 B 1 1 ACF (PAL-ACF: Particle-aligned anisotropic conductive film) % %8 L 72

|

In recent years, flat panel displays used in smart Phones, tablet PCS, etc. have a larger size and higher image quality.
Following this trend, technical solutions for enabling fine-pitch interconnections are required for anisotropic conductive film (ACF)
used in the Chip-on Glass (COG) modules of these applications. Hitachi Chemical has developed particle-aligned anisotropic
conductive film (PAL-ACF) for fine pitch interconnection utilizing core technologies for designing advanced performance resins
and particle dispersion process technology.

2 FnEmOYHHH

* R ] % D — FEAERE AT RE & 72 B o
- R ] B e\ 5 VT B SRR & AR E DML AT RE L 7 B o

|

3 FIHRORERE

HHRDOT 59 FSEANVF 4 AT LAHRHIZBNWT, A — b7+ Y7 7Ly bPCE Vo 72ENA VB ASEGHEICE K L
TWwb, TNOLHBICEBREINLE T4 AT L ARV E L TCOGHEZEFH AN S N7 S VR FHREL 7S L S5 S
NTW5, FESHTEMLT 4 A7 VA ITKETAL, SHEsEATEY, 2RIV F I A NICF v 7 OB T D
B, BB LAHEA TV S,

Z 2 CARFEE TN SN L COGHACFIZH 2N F TU L OERSMIBEEFAIOARD SNCTB Y, B @i
KACFY DR, BER T O/NREAL, SR T HORE TS LT & 7225, 2 OJ7 TR BEHE 1% B o A M re 12 B
BHY, o, FEEEEICHE SN EBER FHOEODEPKREL R IEDPHREL o TV, TNSHOFEIIHL,
Wtk FAFHANT T B B B ET A & B R T B 2 IO L C, BRI ISCOGH ACFORFSIZHE F L 72,

4 BiiNE

KRBT TIE, BIERFHHM 25 5 2 & TRERNF 200 L 2 8Ek
J& (ACFRE) & #5A5#| O ADHAEHKI G (NCFRE) % 45 % HiE 7 B 5 R i
WACF % & SICHE & 8720 AWM ACE ISR 1-F O35 7] 0 50
DB T EERE LD AL, EEROBEFIEORHIC L 5E5E
BT oOmE 2 IS 5 2 & T, Btk T o BBAOHIRF O L AsT

RE& 7%, B L72ACFIL, EEN TIE & #5718 O8Ik it B) 22 % 7k
BT OIS D 5 Z A X D EER T o miE 2 X5 0 K E
FBLL 720 B & B OBIR MBI Z R 1 1R T,

KA, PERAh & BRI - FREILIK A R 1 IR T, RBHFETIE, E
BH T HEME RO LI LT, ERMmTRIRETH -7z, EERTHE
P IHL R & UCHETE S % By 2 v L 72,

B%E L7-ACFIE, FZE% D bk CEBER 2 mE 52 L4 <,
FLICH] OBEER T HOHICEIRE 2 R o 7% F, A & CGHBER T % fiift

—_
o

ol
T

min. melting viscosity ratio
between NCF and ACF layer (-)

Conventional ACF PAL-ACF

1 ACFEEDBRIELL
Figure 1 Melting viscosity ratio between NCF and ACF layer
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THIENUREE ko TOME, BENFOHRBDIISOE IR LHH
D5, HERETIINEE T o 72 EhE Il e 2sRe & 2o 720

=1 ACFO4EM
Table 1 Properties of ACF

s VIR R OMARPUEZ V. T & 5 2

ltem

Conventional ACF

PAL-ACF

Conductive particle arrangement

"i q

Y
:-:“-'-‘..
e, -..q

Product structure
(cross-sectional schematic diagram)

0% 0%0¢%00%° %

Monodisperse ratio of conductive particle (%) Unmeasurable =75
o Area™' (um?) 500 400
Smallest connection circuit 2
Space*?(um) 12/5 10/5

Frequency in number of conductive particles
captured [particles]
(Connection area: 400 pm?)

¥

01234567 891011121314151617181920

01234567 891011121314151617181920

Photo of bonded area™*®
Left : Differential interference microscope
image
Right : Optical microscope image
(Connection area: 1,200 ym?)

Insulation resistance (Q) **

8.6E+10

1.7E+14

*1: Actual and minimum bump to bump space / Bump to pad space after bonding.
* 2: Effective bonding area between bump and electrode on glass after bonding. Calculated value using Hitachi’'s TEG. Ave-3 ¢ = 5 pcs.

* 3: Bonding conditions: 150C/5 seconds/60 MPa

IC chip: 0.9 mm X 20 mm X 0.2 mm t, Au bump, IC bump area size: 12 pm X 100 pm (1,200 pm?),

Glass substrate: Thickness: 0.2mm, ITO electrode/ITO-Metal electrode

*4: Bonding conditions: 150C/5 seconds/60 MPa

IC chip: 0.9 mm X 20 mm X 0.2 mm t, Au bump, IC bump area size: 12 pm X 100 pm (1,200 pm?),

Glass substrate: Thickness: 0.2 mm, ITO electrode, Bump-pad distance: 5 um
Reliability test: High Temperature and Humidity Test(85°C/85%RH, 500 hrs.)

5 SiEDREH

* B ZEah DYEI
- HTHUT &R R

(ZE ]

1) @A, I, IR B LR T 2 = A VLR — 1, Nobb5, pp.21-23(2013)
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= EIRMMEEEIRK (RE RS B
“MCL-HS 100"

Low Transmission Loss/Low CTE Multilayer Material, “MCL-HS100”

EB &M Tomokazu Shimada
BRFEAS IL o hOZJAEEMHERE 2 BEMHBERIE

1 8 =

AR — b7 VEOBTEEOLEMA Sy 7 — T (PKG)E, £ /AL, #AR LS X SR BT L T 5, 2RO
HEMEIZHE D) WPEDIKT 205, PKGEMDZ ) VRS 2 ) EEAHGHERILL TWE, ) 2T 57201213, 4
DIRBIGRALP G TH B, —T7, mim, SEEFOREOMESE & HIC, HHEEREICMHE SN ELUE 71, BEE
JIBBALS BN H B0 LALAEDS, BoroOBRnw< 25138, M THICAR S NMERREPEMLTLE ).
NS ORERI D720, KDk, EDEERMEA RO SN TWbE, 20720, KEABIRM TH 5 PKGHIEMN & KDk, KDf%
A BmEmES Y b7 — 7 HEEROR; & RO it L, MCL-HS100% %€ L 72,

Semiconductor packages for smartphones and other electronic devices are becoming smaller, thinner and denser.
Lowering of rigidity due to the thinning of the package substrate increases the warpage and interconnection failures of the
package. To reduce this warpage, lower CTE substrate is effective. Meanwhile, with recent advances in high-capacity, high-
speed communications, electrical signals used for information communication equipment tend to be higher frequencies each
year. However, the higher the signal frequencies are, the more electrical signals are converted into heat in the circuits, and
transmission loss is increasing. These issues have led to the demand for substrate materials with low Dk and low Df. So,
focusing on the developments of package substrate materials with low CTE, and high-speed network substrate materials with
low Dk and low Df, we have developed MCL-HS100.

2 MCL-HS 100045

CENRERIRE, BTV EAT 2
RS LT, R EUE, W T AR (Te) 2 A7 %,
SN Y7 ) —HERRE 2 R L 22 BREG IS B KL T D B o

3 FHRORERE

AR =7+ VEEOENANVMEFREOMBU LY, PEEE Ny 7 — Y (PKG) o/NEME, #RLE X 0S8 AL 34T
Lo, JEROERLICHE D MIPEOIRT A5, PKGEMOEEKEDOZ ) BREL Y, ERABEPRAILL TS, C
DEFEARBEZMEIRT 57201213, M OREBIRILIZ L 2F v T EPRKGEM OB IRF AL /NS TEZENEFENTH 5.
F72, EIEGOSMHRILRL A v b7 — 7 HMORBEN ARy, TS REoRERAL, SEES2HEIHER, B
F T B 5 R 2 BRBEEAL T 202 2 7280, RO FEHALHIE 258 < SRd S, AR E BRI B O BRH
FoTWwb,

PLEDOERD S, M IS Rk M BEMCL-E-705G, MCL-E-770G % 58 & 3 2 K IACPKGHM B, KAz %0 24 8}
MCL-LW-900G % 4§t & 9~ 2 KMACEH, v b7 —7 AMEOREEIT-oCTETBY, TOMBHBE AL, KRS
B LARMZ R R OB % B RO EMCL-HS100 % B %€ L 720

1. MCL-HS100M8%Eta> 7 1

— RIS, MBI OBBIEREZ NS TH LT, HBPKGEMRDZY
PR T B 2 EHTE S, MCL-HS100D X — 2 MR I21E, FHHERROFMEA F >
IREEEARL, AV v 7S T ERON— XY M REATS
TEICEoT, MEIEEZERL WS, T2, KOV 7 T A Y R
BALT, BREFAT I A7 0 ZAOBMBHIELLRLTTLHILICEST,
A REZERLTHD (K1), S5I, BB TH 5= ABHIRICH L,
WHAE O R ) < 7 7 AL 2 v, KFE & SiEom )5 & 58814 548

N=KETx b

fEZ#H L7z F72, MAERBEZH, #9270 R UKFEBT T A % #EH 1 MCL-HS100D IEE=HE 7L
L 7-MCL-HS100 (E) % [RIE: I2BAZS L 720 Figure 1 Resin design model of MCL-HS100

14 At T 7 = H VLR — b No.59(2016-128)



2. MCL-HS100D—figi4%4E #F1 MCL-HS100D—#E4514% (B £0.8 mm)

EXNSA, IKFBHFSAFMHALE X Table 1 General properties of MCL-HS100 (thickness 0.8 mm)
®HMCL-HS100, MCL-HS100(E) & — % 4§ ltem Unit | MCL- | MCL- | MCL- | MCL- | MCL-
k%R 1127 F o MCL-HS1000 24 % ik 3 HS100 |HS100(E)| E-705G |LW-900G |LW-910G
127 ppm/CTH Y, IMEEIBIH B TH D Slass type — ; E—;I:)ss Loszg-éyIass E—Zgéaoss E—?:;SS Low:)gk-:lass
MCL-LW-900G & ) v fii % 7 L7ze %72, R PPN P : - - -

< m
MCL-HS10012 5\ C, 10 GHzCDk =40, cTE - Tz EEmfG - e - o 0

— S 2B e e 0, 1%

Dfm 0.00550 F EHHETH ., ﬁﬁﬁﬂ_ﬁ Flexural Modulus GPa 25 25 33 19 19
AT D 5 MCL-E-705G & 1 v il 2 7 Dk (10 GHz) — 4.0 3:5 4.4 3.5 3.3
L7z BLEX D, MCL-HS100i3MCL-LW- Df(10 GHz) - 0.0055 0.0035 0.0080 0.0045 0.0030
900G & il L THEBIB IR DRI % 47 L % - _
A%5, MCLET05G & H#t L CHGHEIE  _Winowooppey | ™A | ™™ | *60 | >60 | >60 | >0 | >
EHELTWALI L E2MRL. £72, Tg Subetrat Corelose.sL
. - Substrate . Coreless-oLayer
IZTMA#:T230C &R L, T-288TI3605 e | - Package size 114 x 14 mm ’
PLb&RS 2 &4 5, MCLHS10013Hh 1 , v S ramm
. ) - T Chip - Chip thickness : pm
7P EEZE L TWAZ EN 05, - Undeffill thickness ~ : 50 um (CEL-C-3730-4)
-L1,5: 12 ym Cu 100%, L2, 3, 4: No copper, SR:-
Substrate - PPG construction

3. MCL-HS1000) % V) 414 HS100(I<E)) : 21078, R.C.: 63%; X 4ply

2 .= E-700G (R : (1078, R.C.: 66%) x 4ply

KFHE AT A & L 7-MCL-HS100 (E) E-705G (1078, R.C.: 65%) x 4ply
@*"\/70}[/%1’15%%1/, Sx F—ET7LICL LW-910G : (1078, R.C.: 61%) x 4ply
D20 MR ER L7 B2122 ) ek o
B % R3 o MCL-HS100 (E) ®PKGHEA Convex = 100
Z 0, IRERIEIM BT H HMCLLW- W‘ s ~]

. . arpage
910G L VALK L, F 7= IE8WBRH T H mode & -0
%MCL-E-700G° MCL-E-705G & b f&sk L e =100 - A=150 A =241 A=167 A=213
TWBZ D5 b, Concave :150 #25C m260C ®25C
HS100(E) E-700G (R) E-705G LW-910G
4. MCL-HS100MD {584 2  MCL-HS100D % ?) FTAMAE R

SIETY v MRS A ER L, AR v Figure 2 Warpage evaluation result of MCL-HS100
T4 T OERIN S R R E 3 i i, 1o

_ - (Measurement conditions) ——-rf---“
127”9 MCL-HS100(E) &, {858 Evaluation PWB: Strip-line Core
T& HMCL-E-705GX°MCL-E-770G & W B Temperature & Humidity: _25 C/60%RH - Trace width (w) : 0.12-0.14 mm

Pl 4 — - S Characteristic impedance: Approx. 50Q - Dielectric thickness (b) : 0.23-0.26 mm
W ek B2 R_RT e b, Proofreading method: TRL - Trace thickness (1) : 18 ym

0

_10_
’E\ -20-
S -3
@ -40-
= -50/ — LW-910G
o
3 o) — HS100(E)
€ — LW-900G
@& 701 — E-770G(LH)
S -80. — E-705G

0 5 10 15 20

Frequency (GHz)

3 MCL-HS100D{zxkiE%k
Figure 3 Transmission Loss of MCL-HS100

S SikODER

o AT 5 Peort ISR A R FR 2 /AR BRI IR 2 e KL o B 7

(&E30m]
1) A : JPCA Show2016 NPI7 L ¥ > 7 — 3 3 > FHitk ppa7~49
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)= R7L—=LNyr—2REIEMD
{SFR1E M X

Reliability Improvement Technologies for Epoxy Molding Compounds on Lead Frame Package

h#t Bt Shinya Nakamura
RRGEAS Il bOZJAREMHERARE R HIEMHERL

1 8 =

BRI EAROBNNIPE ) U 7 v —BOEEEN LR 2 2 MED 720 OB B A SEOZRICHIRT 572012, Hikt
23 70— — F7 L— 2 R0 < BHRIEASKD STV b, 2070, WkKRER, BERERB L) —F 7L —
AL DWENN EICOWTHRE 2 D72, ZORE, TRFIBEZURT S I L THAKED X UOBERAZ L, HidEs
fH5#1 2 WS L THEENZINELZ, ShOOBMZ#AGDLEL LT, V70— B2 KM TE 2E 14 %5
L7

Recently, there are strong requirements to improve the reliability of semiconductor packaging for automotive devices, which
are increasing, and to reduce cost by eliminating moisture-proof packaging. Correspondingly, reducing delamination of epoxy
molding compounds (EMCs) at the surface on a lead frame at reflow has been strongly required. In this study, the reduction
of water absorption and modulus, and the improvement of adhesion strength on a lead frame were investigated. As a result,
we found epoxy resins that can reduce water absorption and modulus, and new adhesion promoters. By combining these
technologies, we developed new EMCs that can reduce delamination after reflow.

2 FFEOER

WA, HEHEOB LI, BEAESEAERM L T3, AEC-QI000 X 5 (2B 8k D 720 D MR O H
BAHIE S, RAMEE WL Tl LW ER S Tw 5%, b-HAST (Biased Highly Accelerated Stress Test) % D ik
LWEEEREEZ 7)) 73 5720121%, V7u—THETOHIEME)—F 7L -2 D252 EPUETH S,

T/, HERAICHRS TRAMOLERIZBVWTHEI R MED 72D D8RSy 5 — D OB EEEOER NS, V)7
O — ORI X B L~V (MSL) O] LA ER EhTw b,

—J, KT A MEDDIREKROE L VFESNR T VI A YADOEIRDPHEA TV D, 174 YISz EICB)
B2IAXRY T4 v IHGOREEICIE, ) — F7 L — 2L OFEENEN LoD H SN D EFEA ORIMF S %
FIELTWABIEDR S HhoTHEDY, ChEEHEALEVWIEDNERIA TV,

COX) BBEIS, AEE TR, MEETFEAOBRMALZEHLLEL L2 AOW L TY 78—k < B4 K
TELHMEML, FEBERBEL2OTUTHNEEZRET %,

3 FFEmOISEH

- WOKREREGK, ) 70— A T ORI e TR VBIIRIC K D, U 7 e RIS AR L, U 7 e -0l
e A3 E L 720

CEAEMNGAOYRIZLY, V7o —RETOHRENMEL, V7 o—Ro BT L 7.

CREESEE TR OEENSANICL Y, BHEZROEVER 7 ) iMoo 7a -kl BT S m L7z,

4 HEiiAES

V7u—RoIECEEIREE LT, WBIZE DY —F7L—A L FIEMOFREIIE £ o 72K5 D) 70— (260C) TOHSE
aRIs ) (FEFEIE ) B L) — F7 L — A L HIEM OMEIRAEIC X DI $ - 7280) BBERIST)) ofMpE M E ) —F 71—
LOHAENZ EHloTLE S RIS ERISINDL EEZEZON D, T/4abb, )V 7u—RoR{HIHRE LT, s &
OB RIS DR, 7% 5 CIZHEAE N DI LA b L 7 %o FRFEISTI OIRIZ 1L, WK Z KR 2 LD ), ARETI,
WK SRR T i 7 AR SBIIR IS LTl 2o 720 BUSRIS T OIS LT, ARG Tid, U 7 0 —im BT T o
PERABIC X B ST L TRES 2 720 A DI BB LT, ABRE TIIHBE AN GHIC OV TR D72,

ZORER, TRFUBIRZHRT L2 LT, PokRB L U260CH I TOMEROMBEEZ ELL, BENGHZEART LS
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ETHEA M ERER L,

B, FHEENGHANZZHD > X ~OEENN EDD, MEET2E5HT 550 EREE TN, @74 Y 2
7eY B OB T O RMEFEMER OB, S EROE, MEET 2 &8 L WEERGHl 2 v 72mmiE 7 ) — ek b 5
58 L7zo BAFEM (CEL-8240HF10HS, CEL-8240HF10HD) & fek# D) 7 0 —#E RO ZR 1 B L0212, RN O %
R1ITRT,

(] ]
[
(=] [mm]

CEL_824OHF1(.) CEL-8240HF10HS CEL_824OHF10. CEL-8240HF10HD
(w/ sulfur, conventional) (w/o sulfur, conventional)
- = = g [
- CECON! e
= =] =] -
SO-8L - = - SO-8L C
(MSL1) = = = _ (MSL2) - -
.ﬁ - -
L -
- - .

Ankaek A=k . I
S0-28L SRR gse gsk NEE AEs JEE AEEEEELN
(MsL2) |E SEE gep gk leex e () (MSL2)

: RS AR AR

MSL1 Condition: 85°C/85%RH/168 h, MSL2 Condition: 85°C/60%RH/168 h  MSL2 Condition: 85°C/60%RH/168 h

Reflow Condition: 260°C x 10 s x 3 times Reflow Condition: 260°C x 10 s x 3 times

Pre-bake Condition: 125C x 24 h Pre-bake Condition: 125°C x 24 h

SO-28L(Cu alloy) Die pad; Ag plated, 4.1 x 5.2 mm, Die size;2.2x3.2mm  SO-28L(Cu alloy) Die pad; Ag plated, 4.1 x 5.2 mm, Die size; 2.2 x 3.2 mm
SO-8L(Cu alloy) Die pad; Ag plated, 2.8 x 4.3 mm, Die size; 1.5 x 2.6 mm SO-8L(Cu alloy) Die pad; Ag plated, 2.8 x 4.3 mm, Die size; 1.5 x 2.6 mm

1 1) 70—#%MOCSAM (Constant-depth mode scanning 2 ) 70O0-#NOCSAME R (REIFEHFM)
acoustic microscope) Eifg (& &HH)

Figure 1 CSAM images after reflow (w/ sulfur)

Figure 2 CSAM images after reflow (w/o sulfur)

xR1 FERMOEE

Table 1 Property of developed items

ltem Unit (w/gjfﬁiréigr?vzgt::nal) CEL-8240HF10HS (w/ocsihu?.zctgvei:ignal) CEL-8240HF10HD
Epoxy resin — Current Modified Current Modified
Hardener — Current Current Current Current
Flame retardant — No No No No
Additives — Current w/ sulfur Modified w/ sulfur Current w/o sulfur Modified w/o sulfur
Filler content wi% 89 89 89 89
Spiral flow cm 115 120 115 125
Gel time (175C) s 32 33 32 35
Flexural modulus at 260C MPa 700 600 700 500
Water absorption (85C/85%RH/168 h) % 0.20 0.17 0.20 0.18
Adhesion | Cu MPa 1.3 1.4 1.3 1.3
(2607C) Ag MPa 0.6 0.8 0.5 0.6
Cl (121C, 2atm, 20 h) ppm 10 10 10 10
Reliability | b-HAST (130°C/85%RH) — 336 h Pass 336 h Pass 336 h Pass 336 h Pass
(Cu Wire) | HTSL(200C) — 1500 h NG 1500 h NG 1500 h Pass 1500 h Pass

Values listed above are typical and should not be used for specification purpose

5 SEORRA

R RS IEE A AN SR QBRI X B 7 ) — SO LV T v T
- R R ERNIS ) 7 1 — PRI R o B 5

(ZE 3] 3) BV, FHOE, fiEAE, B D CuT A YRy -
1) 20158 7 L — Y — ORMBIHALE, ELy 28 ¥ O RRAT I — v FEIRAEPE A KT SRR, 24~ A
., 201545 7axL s ba=y Ay Y RY Y Ak, pp339-342(2014)

2) AEC-Q100-Rev-H, September 11, 2014
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HEV/EVE¥— 2 Big&7T = A

Insulating Varnish of Motor for Hybrid Vehicle and Electric Vehicle

2R E(Z Tatsuhito Fukuhara
FRGEEASR HS1 V7 SREMPRRE L2 EXREEMEBREREE

LA, MBEORVANA 7Y v FHEH (HEV) REXHE R (EV) OF LML T b, HEFHREE— 513, —#KW
BRE—FEHBLTI Y Y VBB L THEERIN TV A 720, Wi LWIRERE T ICE»h, SHEORIZE L) SRz
b0 TOIOATF (HEZEEBEM) 12X o THERELTE— Y 2GHTL2LEN DY, E— M E2EET 27 = ALY
EATFHPEEEMLTLE ). 2O OB LATFEDSFRICLEE 2%,

E72, PEROMIRT = A EIEMAREH 2 EH L T 575, BRAMEIRRLBLRIZ B 2 7 251K A 7RO BR D
TESE-oTHY, KVOCHREMARILEM) LD RO LN TV 2,

X072, BHTIE, fkmTIIERTE ZVEWIEYE, IFATEME & RVOC Lz Mz ] 8= HEV/EVE — & il 7 =
Z & LT “WP-2008" %P L 720

In recent years, the demand for fuel-efficient hybrid vehicle (HEV) and electric vehicles (EV) is increasing. Automotive motor
is mounted adjacent to engine where is always in high temperature environment compared with temperature in which usual
general motors are used. The temperature could be higher when the motor is running in high output.

Therefore, it is necessary to cool the motor down with immersing directly in Automatic Transmission Fluid (ATF). Since it
causes direct contact between ATF and the cured varnish which adheres several motor parts together, both heat resistance
and ATF resistance are required for insulating varnish.

Furthermore, the conventional insulating varnish contains volatile organic solvents that should be reduced to meet increasing
requirement for reduction of gas ignition risk and environmental impact with low volatile organic compounds (VOC). To fill this
demand, we has developed a new HEV/ EV motor insulating varnish, “WP-2008”, which has outstanding resistance to both
heat and ATF, and possesses low VOC that cannot be achieved with conventional products.

- it 4% (200C /1000 h) 2479 %6
- iFATFME (150C /1000 h) #4655
- A, IRVOC (MALERHETE R | <1 wt%) Th b

3 FROREE

Hifa 7 = Z 3L O RIZER T & LCI9124EH7 56 EHLTE Y, AW I
T&7

CORGORENLEHHEE L THBHEHNEIE— 703287 oh, ZERIN D5
LT, BEDNEREL LoEEMt, WWATFESLETH 5,

FD7, N— 2[R OMBRENIC X D 2B X OTFATEME R - %47 - T & 7228,
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Figure 1 Insulating Varnishes provided
by Hitachi Chemical
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Porous Aluminum for Heat Exchanger

T #X  Takehiro Shimoyama
FARGREAR 7 7EEMHERES EEBEBMRRAFELR
S8R £X Keita Sone
A/ N=2a VHEERE JT7RMEHRE R
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THIET %0

To reduce global power demand, high performance of heat exchangers for inverters, IT devices and automotive devices
(condensers, radiators) has been demanded. Hitachi Chemical has developed a new sintering method for aluminum powder,
which was previously thought to be difficult to sinter. We have designed porous aluminum for a heat exchanger that takes
advantage of its high specific surface area. In this paper, we describe features of the developed product, development history
and technical contents.
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Figure 1 Appearance of porous aluminum and its micro-pore structure
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Table 1 Characteristics of porous aluminum

ltem Unit Characteristics
Porosity % 93-98
Pore size mm 0.5-2.0
Structure — Open Cell
Specific surface area m?/m? 550~2,000
Compressive strength MPa 0.15(porosity 97%)

BUE, BBLAETNVI =y AL LAKRORREEZ E2 TR, BB NOHEILEED TN D, B2IX/ERk7 1 v (avy—
P74 )ER=FAT 4 VOMEREERT, TV =T ALUEAKIE, BEILOTEZRAEI TN T L, kLT VI =
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W& D, BHEROVEREN LR/ NEEATIBE L 2 2 720 Z O TEMMEIRH VW E S X %,

Conventional fin (Corrugated fin) Porous fin
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Figure 2 Structural comparison of conventional fin and porous fin heat exchangers
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Figure 3 Applications
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1) H. Koshita, “Development of highly porous aluminum with an open-cell structure”, PM2014 World Congress manuscript preprint,
2014, pp.496-504.
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Hot-melt Adhesive for Automotive Interior

=te & Yuzuru Takahashi
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Various solvent-based adhesives (SBAs) are used for automotive interiors. High-performance reactive SBAs (RSBAs) are
used particularly for doors because customers demand severe shape characteristics and heat-resistance. However, SBAs
affect the environment and RSBAs complicate the process control. We have developed solventless and non-reactive hot-melt
adhesives “ZH601-1” and “ZH551-4” to resolve these problems. These new products are applicable to doors. They contribute
to eliminating solvents by replacing SBAs, and can be used in the precoat method because these products are non-reactive.

Moreover, they can shorten lead time, since solventless and non-reactive hot-melt adhesives can reduce the solvent drying
process and the reactive process compared with RSBAs.
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Table 1 Configuration of adhesives for door
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Table 2 General properties of new products
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Figure 1 Cooling solidification behavior of “ZH551-4"
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Copper Free Brake Pads with Stable Friction Coefficient
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Highly controlled brake systems such as “regenerative brakes” and “automatic brakes” have become common for
automobiles over the past few years. It is essential for the new brake systems to maintain stable brake force, so the stability
of friction coefficient generated by brake pads is becoming increasingly important. On the other hand, requirements for eco-
friendliness of materials contained in brake pads are getting tighter, and regulations to eliminate copper will start in North
America from 2021"2.

To cope with this situation, we have developed “copper free brake pads with stable friction coefficient” by substitution of
alternative materials to perform copper functions, such as thermal conductivity and lubricating property, and improvement to
reduce the component change of the friction surface before and after braking. As an additional result, we have achieved brake
noise reduction.
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Figure 1 Copper layer on the brake pad formed after 500°C Figure 2 Lowering of thermal conductivity and wear resistance
braking (EDX) of brake pad by copper reduction
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Figure 3 Optimization of degree of graphitization , size and contents of graphite
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Figure 4 Iron distribution on the brake pad from disc rotor after 500 ‘C braking (EDX)
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Demonstration Project of Power System Stabilization with the Hybrid Battery Energy Storage System
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The introduction of renewable energy is being promoted as a global warming countermeasure. The increase of naturally
fluctuating power supplies, such as wind and photovoltaic power generation may influence the stability of the power supply. The
introduction of a battery energy storage system is an effective method considered as a solution to this problem.

Hitachi group developed a hybrid battery energy storage system and started a demonstration project in 2015. The hybrid
battery energy storage system was installed to solve problems occurring during an increase of the naturally fluctuating
power supply on Izu-Oshima Island, Tokyo, where the effect of introducing the battery energy storage system could be tested
relatively easily.
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Table 1 Design concept of the advanced lead-acid battery
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Table 2 Test results of the advanced lead-acid battery
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Figure 2 Advanced lead-acid battery systems Figure 3 Lithium-ion capacitor systems which were installed on
which were installed on Izu-Oshima Izu-Oshima
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New Development of High Heat Resistance and Low Dielectric Thermosetting Resin, “S. F. Resin”

A M Masaki Takeuchi \WWH EF1 Eri Yamada
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R E, TN TOHYM, FEROESFOMEDN D), M TS HHPHARSN Tz, “SFEIE" RIS R,
BRI, CHER, MRRE S TSI RENLFELZ AL TBY, ThSOREZENL, WBUREE, RiEHE
HARI, EEBHOH, Bilga— AL, Ny 77 —a— MRISRICHBREHZ 1T o T b,

In recent years, thinning of devices and components has led to a problem of warping, which may reduce connection
reliability. Low elastic resin material has attracted attention as a possible solution. However, its application range, typified
by acrylic resins, is limited, due to low thermal decomposition temperature. New “S. F. Resin” has low elasticity, high heat
decomposition temperature, low dielectric constant, low moisture absorption rate, and many other excellent characteristics.
These properties contribute to the development of a “no warp” heat-resistant temporary fixing material, laminating adhesive,
high frequency corresponding material, moisture-proof coating agent, and buffer coating agent.
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Figure 1 Structure of “S. F. Resin”
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SEHHIEREAL Y 135 1 T0.08 GPa b JEF WL 24 L TV ARd S, 5%EMRILESM35T L ER A2 AL T3
(B2), F7-, SEHIRMLY OFFERFEE, 10 GHz THFEESR24, FEIEF0.0018 & LCPEBM EHIH S 2o Wik B 2R
FT(R®3)o mWIFEE & R ERZ 0 L7z H 5 A L0720 O &I R E EM 2, BuFEEEZENLZI ) RL—5
T R ER R R O BT % D TV 5,
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Table 1 Properties of “S. F. Resin”
ltem | Condition Unit SFistfg Material A Material B Material C*?
Resin System — Bismaleimide Acryl Soluble LCP
Polyimaide
Dk(10GHz) *' A — 2.4 29 3.3 3.0
Df(10GHz) *' A — 0.0018 0.0240 0.0200 0.0020*°
<T m/C 120 110 100 —
CTE(X-Y) 9 °p .
>Tg ppm/C 180 — — —
Tg TMA c 84 160 185 —
Elastic Modulus DMA GPa 0.08 0.40 0.70 3.40
4 TGA-1%loss c 375 250 300 —
TGA-5%loss c 435 320 350 —
Peel Strength Low Profile kN/m 1.6 1.8 1.8 0.7
Water absorption D-23/24 % 0.05 0.3 0.8 0.05
Dielectric imm, 25C kV/mm 30 22 30 -
breakdown voltage | 1mm, 150°C | kV/mm 30 — — —
* 1) Cavity resonator perturbation method * 2) Catalog value * 3) Strip-line method
20 3.0 0.006
0 ~ 25 gOe————® |
% -20 \ B 20 0.004 =%
= B T
,} -40 \ g 15 s
(%) -60 % 40 :\t.:q 0.002 %
\ 05 =@=ttFER
-80 e
-0~ FEIEE
100 0.0 . . . . 0
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RE(C) B#K# (GHz)
2  TGARh#R 3 FEHM

Figure 2 Measuerment of TGA Figure 3 Dielectric property
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Shock Absorbing Material

&M Bsh  Akihivo Yoshida &R ES2 Naoki Takahara & B# Takanori Miya
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1 8 =
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PIEMIE, PERDIARIED S %D 3 KoUGMEHR Y NT— I HiEZ A 2 5k R 2 Bl 2 S RIRIE 2 /R L7220 THE T 5.

We have found out that material with weak three-dimensional cross-linking in the structure shows response to shear stress.
Furthermore, we developed a shock absorbing material utilizing the network structure. The newly developed material absorbs
shock better than the conventional material with a network structure of covalent bonds.
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Table 1 Network structure of conventional and developed material
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Figure 2 Method of the drop weight test

(TEFdm)

BRI TDEETERTS

1.E+06

F%

i

1
3
s 1.E+05 \

(Pa)

TE SR &

1.E-|-041

00 1,000 10,000 100,000

£ ABTIS A (Pa)
1 BPEEMER & ARG ORR

Figure 1 Relationship between modulus of elasticity and shear stress
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Table 2 Result of the drop weight test

BITE R TEF R
A 100 89
B 32 0

CBEDNSVNEE, EERES S

(A%

HBEUR C XTI S

3 TERGSERARBOERABRIFOHETE X HZ X L
Figure 3 Speculated mechanism when shocked
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1) A. Yoshida, N. Takahara, “A new optical clear adhesive material for next generation display”, Material Research Society 2016,

EP-14(2016).
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Exosomal mRNA Analysis kit from plasma and urine, “ExoComplete”

WNE ERF Mieko Ogura
BI{LE7 XV h MAMEL>Z—

ExoComplete v b iR, IML4E%5E O RIS 5 Exosome (T F YV v — 4) B X U'Microvesicles & I-E L 5 i A/ ig
(Extracellular MicrovesiclesPl FEMVs) ZJfi#2£ L, EMVs»? 5mRNAZ I LEmfllE 3 57200 F%F v b THh S, EMVsid,
ZEALOHMTHWINDBE/RETH Y, Exosome® ELEI1E#30-150 nm, Microvesicles® E ££13#100-1000 nm T %o
EMVsIZIZ & T EFE 44 87 E R, miRNA, mRNA, DNAZEPEEINTWAE, EMVSIZDBAL ED ST T LA
G752 b 0WMENTEY, ENHORBOBW, T#H, =5y 7RO, 3= —L L THHEHSINT
W5, ExoComplete¥ v MIFERIETH M0k L K L CHEOEMVsOHiftfe 124 Loo, MM <T, MRS HE%E
WEMREE LTWwb, 20154F 9 FICHIZEHF v M & LTIRGEZ IR L 72D TZOREB L IO W T THRE T %,

The ExoComplete kit is a seamless system capable of isolating exosomes and microvesicles (Extracellular Microvesicles:
EMVs) from biological samples such as plasma and urine but also quantifying EMV mRNA. EMVs are membrane vesicles
released from various cell types. They include exosomes (30 nm - 150 nm in diameter) and microvesicles (100 nm - 1000 nm
in diameter). There is growing evidence that EMVs play a role in intercellular communication and their contents of proteins,
lipids, miRNA, mRNA and DNA have clinical interest as potential biomarkers in diagnosis, prognosis and monitoring of various
health conditions including cancer detection. Compared to conventional ultracentrifuge methods, our method can capture the
equivalent or better yield of EMVs far more rapidly and high throughput. Accordingly, we launched the ExoComplete kit for
research use in September 2015.
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Figure 1 Procedural flow
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US Patent Nos. 5976797, 6638428, 6844158 1) Murakami T, et al. Development of Glomerulus-, Tubule-,
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High-density Sintered Sprocket for Silent Chain Made by Die Wall Lubrication Compacting with Liquid Coating

NEFF B Satoshi Onodera
SEEHAS SEFRER J7EAHEERE A
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Sintered sprockets for silent chains of automobile engines require high contact fatigue strength on tooth surfaces. So, the
sprockets are densified (7.5Mg/m®) by removing the residual pores of the tooth surface layer using the tooth flank form rolling
method. However, due to the rise of other processes, we started developing an inexpensive densification process to replace
the tooth flank form rolling method. Die wall lubrication compacting with liquid coating, which allows high-density compaction
of raw powders with the amount of added lubricant minimized using a die uniformly coated with lubricant film, was developed.
As a result of this development, industrial production of a low-cost sprocket for silent chains omitting the tooth flank form rolling
process was successfully realized.
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Figure 1 Mold releasability of developed lubricant
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Figure 2 Diagram of steps in the lubricant application method
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Figure 3 High-density sintered sprocket for silent chain made by die wall
lubrication compacting with liquid coating
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