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Figure 12 Specifications, appearance and
safety technologies of lithium-ion battery CH75 cell
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Demonstration of a Renewable Energy Self-Consumption System for an Apartment in Germany
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To prevent global warming, renewable energy sources, such as PV (photovoltaic) and wind power, are becoming increasingly

popular throughout the world. In particular, Germany is focusing on installing renewable energy sources in their power systems
so that 80% of generated power will be from renewable energy by 2050. However, the FIT (Feed-in-tariff) rate is decreasing
with the increasing number of renewable-energy installations, and the FIT rate is now less than half the electricity rate. As
a result, much attention is being paid to the “self-consumption model” in which PV power is consumed within a household,
and the amount sold outside the household is decreasing. With this background, we developed a self-consumption system
that enables more effective use of PV power. The system uses both rechargeable batteries and a heat pump, and has been
operating since it was installed in June 2016.
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Next Generation Wireless Battery Monitoring System (Gen.2)
ma —BB Ichiro Mukaitani
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*UPS : Uninterruptible Power Supply #EEBFEEEZRL, ARTIEHIIIKEHITOD DEIRT,

The lead acid battery used for backup use is adopted in communications equipment for the use of UPS, such as cell phone
base station. The UPS needs are especially growing for the use in large scale sites requiring high reliability, as in data centers,
which are increasing their size continuously. On the other hand, the lead storage battery of the staff and the maintenance
of the automation to measure were expected very much. Therefore, we develop a monitoring system in the next generation
called Gen.2 in substitution for the system which was developed before being called Gen.1. This paper takes a flow and next
generation monitoring system called Gen.2.
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Figure 3 Block diagram of the Gen.2 wireless slave monitoring device
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Figure 4 Photographs of wireless slave monitoring device (left)
and master monitoring device (right)
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Table 3 Specification of slave monitoring device

BEILE ®/70v7
1EH
3tJLA 4 tJLH Va1 T 12va 147
BEREIEEE (V) 1.400~3.000 1.400~3.000 4.20~9.00 8.40~18.0
EERREEEE (C) -10.0~60.0 -10.0~60.0 -10.0~60.0 -10.0~60.0
EERANEEmEE (mQ) 0.100~10.000 0.100~10.000 1.00~30.00 1.00~30.00
42~12.0 4.2~12. 4.2~18. 4.2~18.

ADBE (V) (DC) (EE L ) LB WS B R ) 6
HEE R (MA) =20 =2.0 =20 =20
HHs<FiE (mm) W:86.0XH:86.0XD:13.0 | W:86.0XH:86.0XD:13.0 | W:86.0XH:86.0XD:13.0 | W:86.0XH:86.0XD:13.0

T4 FREEE 5 AR

Table 4 Specification of master monitoring device Table 5 Specification of main control monitoring device

HE a4 THE 1HE B4 THE
RAERATREFHE(E) 270 RAERT AT REREE (&) 8

DC:4.5-5.5 DC:12.0~20.0
ABEEWV) AC100V (/\SUPS) ABEEV) AC100V (/\fI5UPS)
ACT TR LIRS ACTH TR LIRS
HEEM(A) 0.5 HEEM(A) 3/12v
S5t iE (mm) W:86.0XH:86.0XD:13.0 (32 EBR% < ) S5~ (mm) W:117.0 XH:92.0XD:35.0
Ethernet’R — b RJ45(10BASE-T, 100BASE-TX)
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Figure 5 Typical characteristics diagram of impedance and
measurement frequency
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New Technology for Industrial Lead-Acid Battery

T@E —B  Ichiro Shimoura
BIRGIEAL ThiEMBARE 4 EEEHERERED
Chih-Te Wei

Technical Headquarters, Hitachi Chemical Energy Technology Co., Ltd.
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Today, the demand for the lead acid battery, such as vehicle, industrial backup, and industrial starter uses have constantly
grown, and the improvements of the lead acid battery performance can afford no further delay. In addition, as the interest to the
environmental aspect increases, resources saving batteries are required.

Improving the four elements, battery capacity, high-rate discharge characteristics, service life and environmental applicability
at the same time is an ultimate challenge.

For this solution, this article will introduce our latest technology, Pure lead, Punching, Carbon technology (hear in after PPC).
This technology has combined the cutting edge of the carbon material compounding techniques with innovative structure
design, greatly enhancing the battery performance. In addition, we have developed an automation system for the PPC
technology, achieving product quality stabilization and high yield rate. The technology will also reduce water and energy usage,
resulting to reduce carbon footprint, and achieving to produce an environmental friendly product.
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Figure 1 Developed new technologies for industrial lead acid battery
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Table 2 Performance comparison between the current battery and PPC battery
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Development of Automotive Lead Acid Battery for Global Expansion
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R&D Product Innovation Dept., FIAMM Energy Technology S.p.A

1 Abstract

Eco-friendly automobiles with idling stop system (ISS) are increasingly attracting attention recently and the market of ISS-
equipped automobiles is expanding worldwide. ISS-equipped automobile frequently stops and starts engine supplying electric
power from the battery to electrical components while the engine is shut off, and enables regenerative charging through alter-
nator during traveling. Therefore, high charge acceptance performance and high durability are required to the battery for ISS-
equipped automobiles. Hitachi Chemical (HC) has developed several new technologies for these requirements” and FIAMM
Energy Technology S.p.A (FET) has also developed. Both companies became the group company to expand global market share.
A battery characterized by the advanced technologies of Enhanced Flooded Battery (EFB), as usually referred a battery for ISS-
equipped automobile in European market, was developed by merging specific technologies of HC and FET.

2 Key Features

+ By merging technologies of HC and FET, a new EFB was developed, characterized by charge acceptance performances 1.5

times higher than that of European competitor.

3 Development Background

ISS-equipped automobiles are expanding worldwide because ISS can improve fuel efficiency and economy more than the
conventional systems with gasoline, by simple redesign of automotive system. Higher charge acceptance performance and higher
durability are required to the batteries intended for ISS-equipped automobile in comparison with the conventional one because of
the frequent discharging during idling stop and regenerative charging. HC has introduced 1st generation” and 2nd generation® of
EFB products into Japanese market and has expanded their sales. On the other hand, HC has made efforts for enhancing product
capabilities and expansion of manufacturing locations for the expansion of global market share, and FET became a group company
on February 2017. By merging technologies of HC and FET, HC accelerate the development of EFB for the European market.
Therefore, we tried to develop this by merging technologies of HC and FET.

4 Technical Content

HC’s technology of the additive for Negative Active Material (NAM) and FET’s technology of the pasting layer for positive
plates were integrated to develop a new generation of EFB characterized by improved charge acceptance and durability

performances. Each specific technology is described below.

1. HC’s technologies of the additive for NAM

HC has developed the technology of lignin material which has the function to reduce particle size of lead sulfate (PbSO,) gen-
erated by discharging. Figure 1 shows in-situ AFM (Atomic Force Microscope) images related to the changes in NAM morphol-
ogy during charge-discharge cycles through a comparison between conventional and developed battery. These observations were
conducted by potential-step method to analyze transient current response corresponding to electrode potential-step. AFM images
after charging show that larger size of PbSO, crystals still remain in the conventional active material, on the other hand, only Pb
crystals were observed in the developed active material. These results imply that miniaturization of active material may make dis-
solution rate of PbSO, faster and lead to improve the efficiency of charge reaction.
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Figure 1 Images of in-situ AFM observations which visualize changes in
morphology of active materials during charge-discharge cycles

2. FET’s technologies of the positive pasting layer

FET developed the technology of pasting layer for positive
plates in order to increase durability performances. By analysis
and testing of several materials (glass-fiber or totally organic based
ones) alternative to the standard pasting paper, FET selected the
best one in terms of overall performances and processability. The
new pasting layer replaces the standard paper during pasting pro-
cess and improve the adhesion of the positive active mass, espe-
cially during cycling. By using pasting layer, the loss of the active
material is significantly reduced and its functionality is maintained.
Therefore the durability of the battery, especially at higher Depth
of Discharge (DoD) where the functionality of the positive active

mass is more stressed, is improved

3. Performance of Developed Product

Trial products of European Standard (EN) sized EFB includ-
ing above technologies were manufactured at the plant of FET
and some battery performances were evaluated. Table 1 shows
performance comparison between developed product and that of
competitor. Developed product has same or higher level of battery
performance, like capacity, charge acceptance and cold cranking
performance in comparison with that of competitor. Especially,
developed product has 1.5 times higher charge acceptance perfor-
mance. Durability tests are still ongoing, we think that the use of
positive pasting layer will improve them.

N
o
o

-
(o))
o

100 +

Durability

(o))
o
L

0 4

pasting paper

pasting layer

Figure 2 Relative comparison in durability performances between
pasting paper and pasting layer on positive plates

Table 1 Relative comparison of developed battery performances
with competitor's battery performances

Item Competitor Developed
Capacity test 100 105
Charge acceptance 100 150

Cold cranking 100 100
Durability™ 100 135 (estimated)

*under evaluation

5 Future Business Development

- Sales expansion of developed EFB for European market.

[Reference]

1) Shingo Araki, et al.: Flooded Type ISS Battery with Improved
High Durability and High Charge Acceptance, Hitachi Chemical
Technical Report, 57, pp.18-19 (2014)

[Reference Patents]
Patent Number 4396527, Patent Number 5445655

2) Keiichi Wada, et al.: Battery for ISS (Idling-Stop System) Vehicle,
Shin-Kobe Technical Report, No.20, pp.17-21 (2010)

3) Koji Otsu, et al.: ISS Lead-Acid Battery ‘M-42’ for Light Cars,
Shin-Kobe Technical Report, No.22, pp.15-18 (2012)
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i BCHRTZ X B RE IR X
EWR7Yy 7714 “AS-500HS”

Ultra-Low Loss Build-up Film for Fine Pitch Applications “AS-500HS”

%R ¥ Aya Kasahara EB BB Tetsuro Iwakura
Il &R Shingi Tsuchikawa SRR 8 Shin Takanezawa
FRHIEAS ILJ O/ ABEMHARtE> S BEMRRRELS

EAEDO 7T =L 7 77 FMEOBERIZ KD, F— "R EEE IS S A HE21E, HETRERDT — ¥ 215k
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EWE) AN E < (220 nm), o & OFEAEMEITENS (0.7kN/m). F7z, FEIEF00034(5GHz) TH 1, RVEk
PRECC iR fE B TE DR D FeAafii 2 T Wb,

With the recent expansion of globalization and cloud services, devices used for server and wireless communications need
to transmit large amounts of data at high speed. Thus the semiconductor components of such devices must be able to handle
high-speed and wide-band signal transfers. To satisfy these requirements, we have developed a new ultra-low loss, build-up
film (AS-500HS).

AS-500HS is processable for semi-additive processes, shows only small surface roughness after chemical roughening
(Ra:220 nm), and has a high peel strength with plated copper (0.7 kN/m). Moreover AS-500HS shows a low dissipation factor
(0.0034), low CTE, high heat resistance, and excellent reliability.
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Table 1 Properties of AS-500HS

Item Unit AS-500HS AS-11G*?
Dk (5 GHz) *' — — 3.3 3.4
Df(5 GHz) ™" — — 0.0034 0.0140*°
TMA(30-120C) o 17 45*3
CTE TMA(250:300C) | PP™© 44 —
Tg DMA C 233 165*2
Elastic Modulus DMA(30C) GPa 12 2.4-26"°
Roughness *? Ra nm 220 300-400*°
Resin residue after desmear .
at via bottom *? B B No residue B
Peel strength*? Cu plating kN/m 0.7 0.7*®
Reflow cycle Resistance ** 260°C reflow cycle 20 —
Reliability at fine line space 130°C / 85%RH, h 200 o
(L/S=2/2 pm) *2 3.3V DC

*1) Cavity resonator perturbation method
*2) Treatment condition : Swelling 60°C 10 min, Etching 80°C 15 min
*3) Catalog value
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AS-500HS
-1.0 |
€
8
g -2.0 | ":““_‘é'o"sé'“- Mot = :" - =
2 — 25C = S
§ 4ol l=125¢ | | AS-11G d
S Plated Cu(t22 ym) ™. T
a ~
Ly — ~
2 § 40 BU material "
e -~ @ (t40 Um) ¥ e
43 marsr e i - = 50 (Measurement condition) *
1 AS-500HSOMAMMER ST Fik : + Evaluation structure : Microstrip-line
] i + Characteristic impedance : 50Q
Figure 1 SEM image of L/S=2/2 pm on AS-500HS by SAP 60 . Calibratilon method : TRL .
“o 20 40 60 80

Frequency (GHz)

2 AS-500HSD{mxe4EFM
Figure 2 Transmission loss of AS-500HS
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New Evaluation Technology of EMC to Improve Electrical Reliability of High-Voltage Package
K& % Aya Mizushima
ARMEAS ILJbOZJAREMHRERE S HIEMBRRELR

1 8 =

FHETZANF —BORAEIETH Y, N7 —PEREOREEL, QBNEET v 7, QT A NVF—HEERICE 25
AR IN TV D, 20720, N7 —PERHEIEMIE S 5% 2@ EbE X CEEEEHEIRO 5T Tnd, K
WTiX, V=7 BIRICG Z DI OEEER = AL LB 2 ME Uiz AREHME R o RIFMER N A 7 X VNS k4
DHEHY — 7 BINZHG- LT 5 T EDG5D o700 SBOFHNFE L L CRHEEM L &L AEEI) — 7 ik & HBE
WEWZ L a /L7,

Energy policy is an important issue in the world, and power semiconductors are expected to achieve high efficiency by
(1) increasing the voltage, (2) increasing the power density, and (3) reducing the energy loss. Therefore, the EMC (encapsulation
molding compound) for power semiconductors is required to have further higher heat resistance and higher break-down
voltage reliability. In this report, we discuss the mechanism and degree of EMC’s impact to leakage current. As a result, it was
found that the polarization of EMC contributes to the leakage current after applying high bias at high temperature for a long
time, and the dielectric constant including space charge polarization has high correlation with leakage current as a polarization
evaluation method.
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Figure 1 Relationship between leakage current after HTRB 336 h treatment and
dielectric constant including space charge polarization
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(a) 1=V characteristics with high dielectric constant EMC (b) 1=V characteristics with low dielectric constant EMC
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Figure 2 Evaluation result of I-V characteristics with high or low dielectric constant EMC
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Thermal Conductive Sheet Containing Vertically Oriented Graphite Fillers “TC-BWP01”
for FCBGA TIM1 Applications
XIS B8 Michiaki Yajima ™Mb £F Mika Kobune
FARGREAR #T77EEMHERES EEBEBMRRFELR

FEAOS Y — T O/NUEERRAICAE ) RO X D, BT OMWME LA 2 Jfl 3 2 @S g & 2hicflibh s
Thermal Interface Material (LLF, TIM & #3) OEHERIEBELE L 2o - T B TIMIIIHIE J5 AN B 72 2238 & FRik
WARD ENTEBY, B CIRBSR 2L 7 7 ) )V T2 CEEAN S8, s & it 2 iy, S 872 BT E AL
BESEY — MRS - BiliLTw3Y,

TIMIZE RS OG R S CHEH SN DA E 205, ICF v FICHEFEEH SN ATIM 1 HETlE, mafmEs?
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AMTIETIM HE~O#EHZHME L, ICF v 7O ITBHETE 2% AN & @i A2 SR U 7z B0 A ) B (53
V= MNERELOTHIET %,

As the performance of semi-conductor packages becomes higher and their size becomes smaller, the need to control heat
through a thermal interface material (TIM) has become increasingly important. To meet the demand for a thermally conductive,
flexible material, Hitachi Chemical has worked to develop and commercialize a high performance solution. By orienting graphite
fillers vertically within an acrylic rubber based matrix, Hitachi Chemical’'s TIM provides both high thermal conductivity and
flexibility.

Part of a TIM application depends on the cooling design of the electrical device. In TIM1 applications, where the TIM is
applied directly to IC chips, the TIM must not only provide high thermal conductivity, the TIM must also be able to handle
warpage of IC chips under lower pressure assembly, with high reliability.

In this report, we will discuss our developed TIM, which can handle the warpage of IC chips and provides high reliability in
TIM1 applications.
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(1) RV ERM &EESMAENEDEET A>T
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Table 1 General properties of TC-BWP01

A8 | ¥ | eg0sm | gosmm
M | Keem¥W 0.14 0.15
HEN N+mm 4.0 7.6
Rl N/mm 1050 966
ICFv7 HAR [l > AP} SRR MPa 03 04

2 TIM1 & OB
Figure 2 Outline of a TIM1 application
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Figure 3 Warpage of an IC chip area
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Net Shape Reactor Core Using Newly Developed Insulating-Lubricant

teE £ Takashi Inagaki AR £ Chio Ishihara
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Recent years have seen a world-wide increase in the demand for energy savings, not only in the commercialization of new
power generation systems (such as photovoltaic generation), but also in the commercialization of electric vehicles (EV) and
hybrid electric vehicles (HEV).

Soft Magnetic Composite (SMC) effectively suppresses eddy currents by using insulating film for electrical isolation between
metal magnetic powders, resulting in superior magnetic characteristics in the high frequency range. Recently, pure iron SMC
cores have begun to be applied, and show great promise for miniaturization and for handling large capacities.

However, pure iron SMC has high ductility, which tends to cause problems in plastic flows. As a result of the high ductility,
insulating film may be destroyed in the compaction process, and the desired original characteristics become unavailable
because of increasing eddy current loss. To avoid such problems, we started development of a specialized lubricant for SMC
cores.

This paper describes the effectiveness of the newly developed lubricant.
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Figure 1 Concept of developed lubricant
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Figure 2 Electrical resistivity of sliding surface
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Figure 3 Appearance of reactor core for photovoltaic
system
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Transient Liquid Phase Sintering Paste
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Due to the miniaturization of chip sizes and higher temperatures in the use environments, recent years have seen increasing
demands for new bonding materials to replace lead-free solder. Solder is very useful for conductive bonding, but has limitations
such as being unsuitable for repeated bonding reflow processes and for precise control of bonding positions. The “HT Series”
is a die bonding paste that uses the transitional liquid phase sintering method of copper and tin. Features of the HT Series are
that it can be bonded under the same temperature conditions as solder and it does not re-melt after bonding. Utilizing these
features, we are developing the HT Series for use in automobile engines and headlights.
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Figure 1 Structure of HT Series
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F1 HT-610SO—fF4F14E
Table 1 Properties of HT-610S

Item Unit HT-610S Pb-free solder SAC305 Sintered silver paste
Application - Die bonding material Mounting material Die bonding material
Conductor — Cu, Sn, etc. Sn 96.5-Ag 3.0-Cu 0.5 Ag
Resin - Thermoplastic Pl - —
Bonding Condition - 260C / N, Reflow 260C / N, Reflow 250°C / Hot Press
Re-melting temp. (o] > 400 220 960
Coefficient of thermal expansion ppm/C 19 19 20
Elastic modulus GPa 3.5 31 30
Electrical resistivity Q+m 5.0x107" 1.1x107 2.0x107®
Thermal conductivity W/(m+K) 43 55 400
Reliabilty test cycle 3000 2000 3000

condition -65C to 175C -40C to 125°C -65C to 175C

Whisker generation — No generation generation No generation
Self-alignment - No self-alignment Self-alignment No self-alignment

SiFyv7

HT-610S

BEY A 7 IVHERRT BREY A 7 IVHERRE

X2 SREYA 7IVEREIEMESE

Figure 2 Cross-sectional images before and after temperature
cycling tests (From -65°C to 175°C, 3000 cycles)
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Figure 3 Shape change before and after sintering
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Sintering Cu Bonding Paste that can be Sintered without Pressure
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We developed a sintering Cu bonding paste that can be cured without pressure at 225°C in an H, atmosphere. The die-
shear adhesive strength with an adherend of Cu, Ni, Au, or Ag is at least 40 MPa. After sintering, the thermal conductivity of
the sintered Cu bonding layer is 180 W-m™+K™". The sintered Cu bonding after a thermal cycle test (TCT) of 2000 cycles in the
temperature range from —40 to 200°C showed a bonding reliability that is the same as, or better than, sintered Ag bonding or
high lead solder. With its high thermal conductivity, high bonding reliability, good productivity, and reasonable cost, this sintering
Cu bonding paste is likely to be an ideal bonding material for application in power electronics.
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Table 1 Comparison of die-bonding properties among sintering Cu bonding paste,

5 SikOER

sintering Ag bonding paste, and high-lead solder

ltems Sintering Cu Sintering Ag High-lead
bonding paste bonding paste solder

Environment H, Air H, or HCOOH
Bonding Bonding pressure No pressure Press (20 MPa) No pressure
conditions gp P p

Temperature 225—300 C 300—350 C 350 C
Adherent materials Cu, Ni, Au, Ag, Pd Ag, Au Cu, Ni, Au, Ag

Thermal conductivity 180 Wem™":K™ 280 Wem™"-K™' 35W-m K"
Properties of Power cycle reliability > 40000 — 38000
bonding layer

Thermal cycle reliability > 2000 > 2000 > 2000
Material cost Reasonable Expensive Cheap
Environmental friendliness OK OK Pb

Appearance of the sintering Cu bonding paste

Si

Ni(adherend)

Sintered Cu

— W

Cross sectional SEM of the bonding interface
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Figure 1 Appearance of the sintering Cu bonding paste and an SEM image of the bonding interface
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