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Action for a Total Solution that Reinforces the Packaging Materials Business
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IEDSGICRREINDBHRBEE Y AT LOFEEICHD, 580D [E/] B UH—F v RMTDHEH BloT (Internet of
Things) BXHHEDVT WD, —7F, FEFROSEELFRRICHEDDDHD, SHFIFTLIRIE FCTEDNDEFHERICES
EINBDFEEXRNYT—IUT. NuT—IEETD)(F, ZRTERZZHTINETLULEICEMITEET, hOaLEEE
PERENTLD,

CODIEY, 2014F(IC DL (FICRR U R BHRREA—T - SHE/IBFHICBHRL, FHFA—T - SRELTAY—KUL
feo $iA—T2 - SREFERDOMBOEFEHE - TOTLAD =)LV 1—Y 3 VDRRICEETSTF, ATREZEL
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In recent years, advances have been made with respect to information and communications systems (most notably, 5G
technology), marking the coming of the era of I0T (Internet of Things), where everything is connected to the internet. At the
same time, there are limitations in increasing the density of semiconductors, and the semiconductor packages mounted in
electronic devices used in various environments are required to have a more complicated structure (such as three-dimensional
mounting) and higher reliability.

We have relocated the open laboratory established in Tsukuba in 2014 to Kawasaki City, where it is now called the “New
Open Laboratory”. At the New Open Laboratory, not only do we propose conventional total solutions for material combination
and processing, but we also promote open innovation projects that center on the laboratory and that are carried out with the
cooperation of other companies and organizations. Through open innovation, the laboratory accelerates the realization of next-
generation semiconductor packages. In this paper, we introduce some of the new innovations and activities of the New Open
Laboratory.
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High Productivity Technology for Semiconductor Process

AH —& Kazutaka Honda  #R 2  Nozomi Matsubara /NIl B Tsuyoshi Ogawa
PREMBIRERT REMBBER Nvs—I Y a—areri

1 8 =

PEARPKGO /NI R B A E O #5225, FI-WLP(Fan In Wafer Level Package) *FO-WLP (Fan Out Wafer Level
Package) ® & 9 ZWLPO#EH AR L CTWBY, CORTTRTIE, 742y 7HIEEkF v 7 (LT ¥ 4) ORI % fEd
THDIIIT U —KBEEHHLTYA 22X 1) TICHEET %, 74 O/NUYLRHEILIEY, —D2—D0 ¥ f FLiE 13
MEEL, 72, WOBCERCY A 2 5y 2 VU5 3EBHEAEIL L TWEY, 2000, STy A B AL 2wk
LT O AL 20T AU HALTROLF AR F 74 VA ZRELZY, 2oTatRid, TFAY F7 1V A
LTHTA MR EMERT 5 XD WREE, Fv) T TRET2 70t ATHY, WREHHEZET S5 4 24 12HRT 5
HEE LEIAEE 2 b, REETIE, TF ANV F74 00 e —HD 7o ZHICOWTHIET %,

WLP applications such as FO-WLP and FI-WLP are expanding recently from the viewpoint of miniaturization and electrical
characteristics of semiconductor PKGs. This assembly is conventionally conducted by one-by-one die replacement process
after dicing for die gap widening by using die-mounter. As miniaturizing and thinning of the die, the issues of time-consuming
step to replace die one-by-one and the die crack have been revealed. To solve the issues, we developed a high productivity
process that does not require die replacement and a new expanded film essential to the process. This process consists
of the expanding step of the film on which diced-wafer is mounted and the transferring step of the all dies to the carrier
simultaneously. Therefore, the new process doesn’t need the time-consuming die replacement. In this report, we discuss the
development of the expanding film and a series of the processes.

- & A [ 2 RIS A T 2 Wit & &7 4 FIBEDSFEA L R EEE T 4V A
- YA OHBCESANE R 72O BB TR T a kR,

3 FRORERE

7 A4 O/NRL R X 5T, WLPHIY O TR TY A 7 5 v 73584 T 5, TOMBEZBRT 5701254 OFEEH%
HIEMTEI YA FTuT 7o ary 7O ARERE LTS, ZOTatkzx7u—3, OvINaE T4 07, Q541
BEE T 572007 08 —I12L5F %) TNOHEE, @F—N—F—VF, OFx ) T7OHEHERE—NFMFTL V7,
DIETITbN D, LHL, FA4AO/MULIZE 254 OB L > TF v ) 7~OFEE TRISKIFICHNZ %S 25, 22T
FRELAELTE2EERLTOL A (F 1) EZF ANV F T4 VA EREE LT,

REEOLFZISY R4 IVAEEERI1ICET. TF 280 FEOF A BBIER 2 1SR @2 NE L. ftko7 4L
LHFEE LT, ZF AN F T4 VAEEYE = VIRE, SRR AT 5. 9(5 4 > > 7#%) O 5 4 FkE25%90.05 mm
WA LC, TFR AN FEIZLSmmE TR E 2 b, $72, THF ANV FBEE—V FEOIMBIBILE 5 1 [HE 2
EL7HER, O T O AT HMER T A7 MIREL W EE2HRALEZ([E3), 612, E=NVNBROFA VT
TaEATH A HEERE—NV M Ty 7 PBELLEVIE2MRL, TFANRXY T4 VAR —EDO 70w A% E
FEL 726
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Carrier removal & Dicing

=

Over molding
Conventional process
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I

Expanding

o CECECEC] e
Carrier removal & Dicing

Die transfer & Over molding
New high-productivity process

1 EERTOEREIFRNCRIqVLERVESEELE7OEX 70—
Figure 1 Conventional process and high productivity process flow with expanding film

Dicing

®1 IFXINCRTIVLO—RMENE
Table 1 Properties of expanding film
.. | Conventional | Expanding
i Unit |~ gicing film film
Film thickness pm 110 110
Before UV | 1.0 6.0
Peel irradiation
strength ™"
After UV 0.2 0.2
irradiation
Die gap after expanding™**®| mm <041 Upto 1.5

* 1) Peel strength width: 25 mm
* 2) Evaluated size: 8 inch wafer, die size 5 mm X 5 mm
* 3) Expanding condition: Temp 50°C
Thrust-up speed 5 mm/s
Thrust-up height 100 mm

1.5

o

Die'gap

Die gap (mm)

4
.

0.5

M2 41EROUELE ® @
Figure 2 Measurement points of die gap

Measurement points

M Die gap after expanding process
m Die gap after over-molding process

After over-molding process
(After carrier removal)

® @ ®

3 BI/OEIBOLT AR
Figure 3 Die gap after each process

Molding material

Dicing line

[ 4

E-IVRKMDOE1 2T

Figure 4 Molding material dicing

S SiEOER

- FO-WLP%~ 4 7 uLED (Light Emitting Diode) ™~ Jg

[&Z 3]

1) Chien-Fu Tseng, Chung-Shi Liu et al, “InFO (Wafer Level 3)
Integrated Fan-Out) Technology”, Proceedings of 2016
Electronic Components & Technology Conference.

2) Tom Tang, Albert Lan et al, “Challenges of Ultra-thin 5
Sides Molded WLCSP”, Proceedings of 2016 Electronic

Components & Technology Conference.

Kazutaka Honda, Naoya Suzuki et al., “Expanding film and
process for high efficiency 5 sides protection and FO-WLP
fabrication”, Proceedings of 2017 Electronic Components &
Technology Conference.
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High Productive 3D Stacking Process NCF, “AK-400 series”

ki 18 Makoto Sato
BRFEATS Il b0 ABEEMHBEEE X BietERE 7 « )L LR

AH —2& Kazutaka Honda
TEREM BRI RS EEMBITER Nvsr—o 45y a—a>twri

BE v F, EFx v AL TSV (Through silicon via) A BV 2B L 723Dy A —VHOT V¥ —7 4 Wkt E LT
NCF (Non Conductive Film) 25EH & Tw 3",

NCFIZEBRAA D 12O RO D%, 74 Ly FUIAHL) SIHIWEETH S, —H3D/3y 7 — YV OHMAIL Tl
TV TFy TR T EHCTTINRIIFy THBEFERE LT o720k, V7 ORHEBIOE— )V FRBZITH N, Fv TH
- EROBM AR AEEEMEY, ) 7 aBlBEO T IO ) BIREVGEICE— NV FTERVWE VI ENDH L, Th
5OMEER RS L7207 T BT v TERERE, TV FEITV, RECIE) 70 TRETF L CHERELELZ21T ) £—
VY 7u7uavAeELE Lz, $72RK7 0 ACRBELENCFZRFEL, =V FTEZMLEY 7 O9milicit) 2 & TRY O
WHlB LT, MEY 72 TO—FHRUHIC X 2 EEMER EAIRETE %,

Non Conductive Film (NCF) is applied for 3D-package which consists of stacking of Through Silicon Via (TSV) memory with
narrow bump pitch and narrow gap. NCF is a film type under-fill and useful for 3D-package because it is void-less and has
less fillet. On the other hand, NCF has two tasks. One is low productivity and the other is the risk of high warpage after reflow
process, making the molding process impossible. To improve these tasks, Mold Reflow Process is developed. Mold Reflow
Process is a serial process which includes the first step of chip pre-bonding, the second step of resin over-molding and the
last step of connection by pressure reflow furnace. High productivity and low warpage are expected by applying Mold Reflow

Process.
S HEY 7 amioE— )L FALPEIC X 2 Y #pi)
berTARELELIRE, ZALZERZITO AES
R 03 -
P SRR, R LR ST, T
|
’ - Kb : Q 7070+
T 5 B L LCY 70 7O AR o, ey PO
V7 aMEBEOR ) BREVERLKETHSE— I

mDiHR
3 FROREE
THROEETT v TRIEHT 505, LM%Y
VR B 7z, REAT LRI Tukiny TR
D730, BATT 0 A & Bk L CHbe s Btk 2 NCFﬁ%*ﬂ" [v7ome] [E- 1]
&
FLRICELZ EBTE RV, £2T, E—IVFL

MY 7 1 TO—FERBZ X 2 A pE kT
NCFOHBT7ut RZ¥ vy 7 7 v THRICMES 'l
DB FER % 759 UPH (Unit per hour) 3%+ ~%#H s
TIXARZERIRE COBMIZ T\, Ttk
KT 5%, F7:Chip on Wafer (CoW) %034
Otz

2T, TOHMEY 7 0 RBLZ L ) —§ET [E—nrmeE]| [EY 704 |
RAZEHERR T 5 2 LT, ) P & AP Lo g1 SobxoO-[

WAL HEL B B2 E— NV K 7R T O AL EHL Figure 1 Assembly flow of each process
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E— NV FY 7O TOLATIE, V7O TIZAZERZAIT) 720, NCFORKMELPLETH Y, WREH LETOBNE
OWEBMEEZM EXREZ LT, R2IRTI)ICRFRIZAZERMEZER L Twb, $72, B4T7 01 ZAINCF X b Gk
JEALT 52 L THRA FEHHITE L Z L 2R L 720

—J7, TINEANDTFy TREBBRICE—NVFLESEEEE—NV FLAVEEIZOWT, Y 7alBlEoy T O Y 2l
L7z WEMBEEZRIIRT, E— FLEELOWS, KIAFKRELSE—N FITRIIBITTE 2720125 L, E—N
FY 7070t 2 TIRE—V FIRELOYLELERELTYINORYAVNEL b T L 2R LY,

10° FHEER BT 70+t XANCF £—JLKYZONCF
31770t XFANCF
» m— £ —)L K1) 7ONCF
©
&> SAMEREHER
= 104
[
o
3
2
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/~ Sn/Ag solder
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80 130 180 W EER R A B

Temperature (C)
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Lower chip

2 NCFHMEAERRSIVE—INRYTIOTOCIBDORT N, EREERRER
Figure 2 Measurement result of viscosity and void and connect-ability result after molding
reflow process

# JAatXx

©) RIEZE

® 1) 7 O4LIBE
yzo7OotX

® E—J)L KALIETS

@ | == ry7O TR
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Figure 3 Comparison of warpage with and without molding process

S SiEOER

- HET O X ZTE DRI O fEAL

e3¢ collective CoS assembly by NCF-TCB enabled using the
1) Kazutaka Honda, Tetsuya Enomoto et al, “NCF for Wafer newly developed bonding force leveling film”, proceeding
Lamination Process in Higher Density Electronic Packages’, of 2016 Electronic Components & Technology Conference
Proceedings of 2010 Electronic Components & Technology 3) Kazutaka Honda, Hirokazu Noma et al, 2017 IEEE 67th
Conference Electronic Components and Technology Conference, pp.719-
2) Hitoshi Onozeki, Hiroshi Takahashi et al, “In plane 724
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Granule-Type Encapsulating Compound for Compression Molding

#MA X8 Mitsuaki Fusumada % W& Dongchul Kang 8% Bi& Takehiro Masubuchi
FRRGEREAS IL 7O/ ABEMHFARE> S HIEMRIERELE

AR, Sy o — T o/NEER LR, RELIZE 2 —HBEICL 2 a2 MEBAWRRTHLZ LRENbary Ty e
YRR ENT WA, 3T Ly g VIRIE TIIRARIROE I 2 &R F v €7 ¢ IR LIRERICEE S
LIENDLEBEBFHERLERIIODZICIIMHEALHZ R S 2L, HIEMOBIRZHIET L Z LAk 5 TWiz,

ZIT, YX—THRESM RO T = 2 — )V ERR L BERCROE I ORGES LR ML, TR OBE S I LT
Bt oM 2 d 72, b0z ilAadbE, 307y ¥ a YEENIR Y I = 2 — VEIEM 25 L 7.

In recent years, studies have been conducted on compression molding because of its potential to reduce costs through the
miniaturization and slimming down of semiconductor packages, and through batch molding (achieved via enlargement).

With compression molding, a powder-type encapsulating material is supplied directly into the mold cavity, decompressed,
and then molded. As such, it is necessary to control the shape of the encapsulating material in order to prevent fluctuations in
the resin thickness resulting from equipment contamination or from weight variation.

We have developed a method for producing a granule-type encapsulating compound that has a sharp particle-size
distribution, and have also studied the compound’s de-foaming property, which helps suppress resin leakage during
decompression. By combining these technologies, we have developed a granule-type encapsulating compound for use in
compression molding.

2 HmDisR

- BRI XD ARIRIC X B RETH R 2, VESEMED BT
C T T ma— VYA AP =T Y Xy r— VIEBFEED Lo
- FEJAIIHIRA 2 HA LB & o v 25 B

3 FROREE

VAR, ANy r— VORI, RO KRBLR Sy = VORI L, 20— I L 53 A MERAT 7
av Ty ya YEESHE SN Tw5,

IV 7Ly v a YRETIRMEIEIROEIEM 2 &S ¥ U5 4 WICHEBEHRT 5720, HEHFRCERIISOXIILS
BHRIEAZE 2 0o, #HILMoBRZHET 22 LR 5N Tz, 22 THN, KEMIEY ¥ —7Thb
75 =2 — )V ERRL 22 BRUIR OB 11k o B EHA & AL L 72,

Fa v 7Ly v a VB TIRRERS TREZ BT 2720 IEMPBE LS SN TLE IOBIRI MAELEL 2o T,
Ao, FETAEIHIER R EA LI v Ly g YIRIESHRE R 2 B3 L 72,

ye— e eI L
N2 X7 7—RH a7y arikis
(BfHD 18I TIRERR ) (Y O AL B E R 73)

LR =1 AR b OF = §| i}~

Figure 1 Method for encapsulating semiconductor packages
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HILTHESRIEINDEEZLND,
FThbLBEROHES RSV RN L, O NHBE AT B5%
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Figure 3 Molding results
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Figure 2 Granule particle distribution and the surface of a granule
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Figure 4 Evaluation of resin leakage when using the new compound
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Photosensitive Insulation Film, “PV series”

BA& BT Shuji Nomoto  BIEB #2X Norihiro Abe
A $K Shota Okade  $5K B— Yoshikazu Suzuki
BRRFEAS IL o hOZJAEEMBRARE 2 BXAMHBRIE

WA, BIRESICHERIN G Sy 7 — VAN EAE, EE LR O SN, BMOBREAILEL Lo TwD, Thb
ISy — VORISR E TIEEIZCO L —F =2 W TR SIS, LALEDS, L—PF—IZX 2 TR NI
Q40 umASRATH Y, BEELOMEE 2 b, 2D L) RERD S L4, K tli@?'ﬂrf@f%74)blx PV series” % BFEL 72,

“PV series” TE 74 NV Z T 74 —%HRBHEERE TIEKPTETH S, MAT, ©15umd/NMEL T HILKTHE
THY, ZHOCETZ ML TEX %, S5I12 “PV series” & —#M/3y 7y =V RO ET O£ X RWETH Y,
BRI I 774 74 7 LiETH D, TD720, FHh7aXL 2 2R BEATLLELNR WV, “PV series” #H\WVW5Z&T
BENIHMARE N L WA A AT 2 REE Ry 7 — VIR HETTRETH %,

In recent years, the growing need for more advanced, miniaturized package substrates calls for higher-density wiring. Vias
for connecting the layers of these substrates are traditionally formed by using CO, laser ablation technology. Generally, this
technology is only capable of producing vias of 40 pym in diameter or larger. This limitation on the via diameter is an obstacle
to achieving finer wiring. To address the demand for finer wiring, we have developed a photosensitive insulation film, called the
PV series.

The PV series is capable of forming vias as small as 15 pm in diameter, and can form multiple interlayer vias through a
photolithography process involving one-shot exposure. Furthermore, the PV series can be applied to the manufacturing of
package substrates without requiring any additional processes. As such, the PV series makes it possible to manufacture highly
advanced, miniaturized package substrates that offer high throughput and superior reliability.

HmDEER

- Q40 umPL T ORE MR Y 7 & TR RETH 5o
BT O ABREAT LI E RNy = VOB BELICEET 5,
ENMREREEE Y Tu—iEEE A L, BWEEEE BT 5,

3 FROREE

Ny — VOB EEICX Y T =27 ) 7TINOJE Currer(1|t_process tech;wology P\/Pf]erlelshprocesr? technology
0 7 B A1 b B _ﬁ)%o KT 5 12 6 A 7 4 b A aser process otolithography process

MRHZCO, L —H =12 X D R E T 2K 5. L—H—1C @
L5040 umBl FO ¥ 7B —RINICHEECH 2720, ETH ‘
OB X M TR E & B ICHBELOREE 2 b, 22

T T 5 BOEPEB IR HT & MBI e % 40 5 4, [ yrge ¥ia * High cost : f;;’:’y’ 5}:}; i
BOLPERE IRk 7 4 V& “PV series” ZBI3s L 720 BAZL72PV

seriesDFT 2R 1 IZ/R T PV series®FI3sIZH 720, —BKAZ% -

28y — DIERELE T 0 AT TEREEALICHIETE 5 X )12 . Shape design flexibility!

FEERAT D BB R BT & g N Hoi 2 ml e L 72o * Restriction on design Square, coil, dot, Wavy line
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1 PV seriesDF|=
Figure 1 Advantage of PV series
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(1) PV-F008M E 77 B 4514

FIZE L7z “PV-F008" 1%, CO,L —H—THRIEWEEZ @15 umD/MEE T ZRIETHTH 5, MA T, AZTTETIHHE
ENBFEMROETH —-ETMTWETH S (E2), D70, ET7HITHEZ KIFIEHT 22 EICHKT 5.

(2) PV-FOO8 M —fi 44

“PV-FO08” Tlid, 74 MUV ZI74—ICMATEITTA T4 7 LECHIETRETH 5. F1IZPV-FOOD — 45t %
~RT o PV-FOO8D ¥ 7 JEIKIZ Top/Bottom = 50 um/40 umTH W EN-E T M LN 2 H T 5. T2, HEMFD - XL HW
HAEI(06kN/m) 2R L0, MMEHERREORBAPNEZIH T2 I EXTRETH L, MZT, Ny r—IVERE
FE L7722 RALERICBIT S ) 7a—it#ttd BIF T35 ), Line/Space =12 um/12 um, ER15 umiZ BT b & itk

EHT Bo
- - - =1 PV-FOO8D—f&4FE
Thermal via (large via) Dense via Table 1 Properties of PV-F008
Item Unit PV-F008
Minimum via Resin thickness 10 pm pumao 15
Via size (Top / Bottom) ®50 pm target pmo® 50/40
Insulation reliability Layer to layer (15 pm) 200 h Pass
; (HAST 130°C, 85%RH) | Line/Space=12/12 ym 200 h Pass
Line pattern
TCT resistance -65C<150C 1000 cycle Pass
Reflow cycle resistance 260C reflow Cycle 20
Peel strength Cu plating kN/m 0.60
Small via (®15 pm) 1.00E+14
E 1.00E+12
S 1.00E+10 — |
§ 1.00E+08
£ 1.00E+06
3 1.00E+04
o
1.00E+02
2 PV-FOO8MBAC4E1E 1.00E+00 ‘ .
Figure 2 Photolithography of PV-F008 0 100 200
Time (hour)
3 PV-FOOSM#EiR{SFEM
Figure 3 HAST resistance of PV-F008
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- KMEARTAN T BOGEAG RS o B 7€
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Dry Film Resists for Fine Line and Space Patterning, “RY-5100UT series”
% "M Masakazu Kume  #&H WX Tetsufumi Fujii 8O BN Yohsuke Kaguchi
=B W& Ayaka Kuroda  K%& BE Takeshi Oohashi
FRGEAS ILJbOZJAREMHERARE R BAEMHERELE

1 8 =

BHERTA T AN, A= T+ Rty b IS — N EOBTEEBICERINS 7Y v MK (PWB) &
SIS N5, BEIOLEOERUIEAND = — X SR 5720, BFHEEE, L) EHREHSN-BRIEKL
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W ERAENRF T,

Photosensitive dry film resist has been used for circuit patterning in the printed wiring board (PWB) of various devices such
as smartphones and central servers. To address the need for information processing at higher speeds and of larger volumes of
data, we need to mount higher-performance PWBs in electronic devices by using finely patterned circuits.

The RY-5100UT-series photosensitive dry film for fine line and space patterning that we developed improves upon
conventional photosensitive dry films.

RY-5100UT enables circuit patterning of 2 um resolution on full-size PWBs. We expect that demand for RY-5100UT will
increase in the future, as the need for ever smaller, thinner, and higher-performance electronic devices grows.
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Table 1 Properties of the RY-5100UT series
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Figure 1 Pitch of the circuit width
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Figure 3 SEM image of copper pattern after plating and flash etching
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Halogen-Free Multilayer Material with Ultra-Low CTE and Low Elastic Modulus, “GEA-775G”

Sl #8—  Yuichi Shimayama
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Semiconductor packages for smartphones and other electronic devices are becoming smaller, thinner, and higher in
density. Recently, coreless substrates have attracted significant attention as a way to achieve thinner substrates, but coreless
substrates present their own challenge, in that (compared to conventional substrates) they are more susceptive to warpage
during the substrate process and during the packaging and assembly processes. To address this issue, Hitachi Chemical has
developed the next generation in multilayer materials: GEA-775G, which is halogen-free and has an ultra-low CTE and a low
elastic modulus. A comparison of the warpage during assembly when using the coreless substrate GEA-775G, to the warpage
when using a conventional packaging material, indicated that the warpage of GEA-775G was 25% less than that of the
conventional packaging material.
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Figure 1 Resin design model of GEA-775G
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Table 1 General properties of GEA-775G
1HE 3G By GEA-775G Wt ek
TYUTLIEH - pm 25 25
HZX7OX — S-glass S-glass
Tg DMA © 270 280
. ) a1 (XY) y 5.0 6.0
S AR R /C
AR w2 (XYy) | PP 1.0 15
30C 14 18
TR MR GP
BB SR 260C a 9 13
SHSEE —JVRERE | VLP-12pm kN/m 0.6 0.5
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FEEE 1 GHz — 0.008 0.007
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Figure 2 Structure of the package evaluated for warpage
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Figure 3 Results of the warpage evaluation
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Figure 4 Structure of the substrate evaluated for insulation performance
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Figure 5 Results of the insulation evaluation
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Copper-Clad Stretchable and Flexible Film
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In recent years, wearable devices that track vital signs and that can be worn under, with, or on top of clothes or skin, have
been attracting a lot of attention. Among wearable devices, the market for stretchable devices in particular is expected to grow.
In light of such circumstances, we have developed a new material to be used to manufacture such devices. This new material
consists of elastic film that is laminated with copper foil and is resistant to high temperatures. The elastic film has excellent
mechanical properties: it is capable of elongating by 550% and has a recovery rate of 94%. In addition, this material is resistant
to both the chemicals and the heat associated with the subtractive process and the N, reflow process. Furthermore, the
material has a low dielectric constant (Dk) of 2.3 at 10 GHz, and a dielectric dissipation factor (Df) of 0.0030 at 10 GHz. Both of
these properties are important for flexible substrates used in high-frequency devices.
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Table 1 Properties of the elastic film used for the copper-clad stretchable and flexible film

ltem Property Note
Tensile elongation 550%
Tensile modulus 5.0 MPa Film thickness: 100 ym
Recovery rate 95%
Peel strength (copper foil) > 1.0 kKN/m 90° peel
Dielectric constant 2.3 At 10 GHz, using the cavity perturbation method
Copper foil layer (18 pm) Dissipation factor 0.0030 At 10 GHz, using the cavity perturbation method
Stretchable film (80 pm) Breakdown voltage 7.0 kV Film thickness: 80 pm
o T Heat resistance No change | 260°C, 10 s, 10 cycles in an N, atmosphere
B HEBCHS 7 LY TIFNAZOEE  Chemical s o change
glre 11 ¢jﬁ:§§f ;7: iiﬁiﬁi stretchable and flexible film’( resistance Na.CO, No change Alfter a 24 himmersion test
(upper) and a sample device (lower) Copper etchant | No change
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ik S & TOIMPUREIZN SV ED 5D 5o
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Figure 3 Change in wiring resistance during stretching test cycles
under a 10% tensile strain
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Sintered, Highly Wear-Resistant Material for Turbochargers
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From the viewpoint of improving fuel economy and regulating the exhaust gas of internal combustion engines, the boarding
rate of turbochargers in passenger cars is increasing, in particular, for gasoline vehicles, where the boarding rate exceeds
that of diesel vehicles." In gasoline engines, because the temperature of exhaust gas released by turbochargers becomes
quite high, austenitic high-chromium cast steel (hereinafter “high-chromium cast steel”), which has high wear-resistance and
oxidation-resistance, is generally used for the heat-resistant bearings that control the flow rate of exhaust gas. However, as
a result of the application of technologies to improve fuel economy (such as lean-burn engines), the temperature of exhaust
gas now rises to near 1,273 K, precipitating the need for further wear resistance. To address this need, we developed a highly
wear-resistant sintered alloy that consists of fine carbide dispersed in an austenitic stainless steel matrix, and takes advantage
of the flexibility of the alloy designs characteristic of sintered materials.
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Figure 1 Microstructure of the developed material
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Figure 3 Friction coefficient during the wear test
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Resin-Encased, Metallized, Humidity-Resistant Film Capacitor, “MKCP4T”
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In recent years, an increasing number of renewable energy systems now use film capacitors, which last longer than
aluminum electrolytic capacitors, for their DC link circuits. Today, there is a growing need for film capacitors that meet the UL-94
flammability standard’s V-0 rating, and that are long-lasting and humidity-resistant.

Achieving both flame retardancy and humidity resistance is difficult, because a side effect of adding flame retardants to
resin is a decrease in humidity resistance. Lower humidity resistance allows moisture to enter the capacitor, which in turn can
shorten the capacitor’s lifespan. As such, there is a need to improve the case and filler resin of encased film capacitors.

To this end, we developed the new MKCPA4T series of capacitors that use thinner dielectric film, as well as a new outer case
and epoxy resin. These adaptations allow MKCP4T capacitors to achieve both flame retardancy and humidity resistance, with
specifications of 1,000 hours at 85°C and 85% RH, guaranteed.
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Table 1 Specifications
Item Description
Operating temperature -40 ~ +105C
Rated voltage UN 700 Vdc 900 Vdc 1100 Vdc
Capacitance 15 ~ 80 pF 9 ~ 40 pF 6 ~ 30 pF
Dimensions [TXHXL] 21.5mm X 38.5 mm X 43.0 mm ~ 35.0 mm X 60.0 mm X 57.5 mm
Capacitance tolerance +10%
Dielectric Polypropylene

Humidity resistance

85C 85% RH with UN, 1000h, AC < *£5%

Standards

IEC61071 : 2007

Electrode

No internal safety device

Case and filling material

UL94V-0

Environmental regulation

Comply with RoHS

85°C 85% RH storage (700 V - 80 uF)
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Non-fluid Latent Thermal Storage Material
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Methods for handling heat vary greatly depending on the environment. For example, heat can be handled as energy
or as something to be disposed of. In the former case, there is demand for technologies for utilizing waste heat from the
perspective of saving energy. In the latter case, there is demand for technologies for releasing heat and for cooling in order to
suppress rises in the temperatures of electronic devices associated with the high-density integration of increasingly smaller
semiconductor packages. To address both of these issues, we focused on developing a latent thermal storage material that
can retain and absorb heat. The latent thermal storage material we developed is a type of phase change material (PCM). The
thermal storage performance of PCMs is most effective at the temperature where the material changes phases from a solid
to a liquid. To expand the applicability of PCMs, we have developed a PCM that does not flow even as it changes phases, and
have evaluated its effectiveness.
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Table 1 Example of feature for non-fluidity thermal storage material and assumption
product form
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Figure 1 Conceptual diagram of phase change
of latent thermal storage material
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Figure 3 Effect of latent thermal storage material
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