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Benefit Estimation of Soft-magnetic Pure Iron by Magnetic Field Analysis
Considering Effect of Forging Strain

Shingo KASAI + Dr. Masamichi CHIBA + Shinya MORITA - Takumi KITAYAMA
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Abstract

The movement toward carbon neutrality is expanding as a result of heightened environmental awareness. For
soft-magnetic materials, whose usage is expected to increase as electrification progresses, the omission of the heat-
treatment step called magnetic annealing is regarded as one of the measures for reducing the amount of CO,
produced by the manufacturing process. Kobe Steel's soft-magnetic pure iron, the ELCH2 series, has magnetic
properties comparable to those of the magnetic-annealed material of low-carbon steel, even without magnetic
annealing, and is being looked to as a non-heat-treated material of low-carbon steel. Using forging analysis and
magnetic field analysis, a comparison has been made among the component characteristics when a solenoid iron
core is changed from magnetic-annealed material of low-carbon steel to as-cold-forged material of ELCH2. This
paper introduces the results indicating that the ELCH2, even if the magnetic annealing is omitted, achieves the
same electromagnetic force at low current and also achieves higher electromagnetic force at high current than
what is achieved by the magnetic-annealed material of low-carbon steel.
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Table 1 Example of chemical composition

Priority Steel grade C Si Mn P S
Magnetic properties ELCH2 0.005 0.004 0.25 0.009 0.008
Machinability ELCH2S 0.005 | 0.004 0.26 0.010 | 0.025
JIS SUY =0.03 | =0.2 =05 | =0.03 | =0.03
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Fig.2 Carbon content dependence of magnetic properties”
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Table 2 Example of magnetic properties

Steel Magnetic flux density (T He
100 A/m | 500 A/m |1,000 A/m[4,000 A/m| (A/m)

ELCH2 1.22 1.58 1.64 1.82 45

Magnetic ar led | ELCH2S 1.09 1.53 1.59 1.80 56
S10C 0.45 1.40 1.54 1.74 86

Non ar o ELCH2 0.32 1.32 1.54 1.76 96
ELCH2S 0.23 1.29 1.54 1.76 105

JIS SUY-0 0.90 1.35 1.45 1.60 =60
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Table 3 Examples of magnetic properties of ELCH2 applied work strain by cold upsetting
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0% 0.39 1.24 1.45 1.79 91
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60% 0.02 0.61 0.96 1.73 228
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Fig.10 Shape of iron core after cold upsetting process
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Axial-gap Motor Using Thin Wire of Soft-magnetic Pure-iron

Shinya MORITA + Takuya MATSUMOTO - Shingo KASAI
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Abstract

Since the wires of soft-magnetic pure-iron have high magnetic flux densities, they are used for the iron cores
of electromagnetic parts for DC-driven components such as electromagnetic relays and solenoids. It has been
difficult, however, to apply them to AC-driven components, such as motors, due to the skin effect and eddy
current caused in the material. The application to a motor has been examined by decreasing the diameter of the
wire of soft-magnetic pure-iron to reduce the eddy current loss. This paper reports the results of a prototype of
an axial-gap motor with a new structure using a wound-on iron core of the hexagonal thin-wire of pure iron.

FEATURE : Functional Materials and Solutions for Diverse Needs of Society
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Fig.1 B-H curves of pure iron hexagonal thin wires
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Table1 The example of magnetic properties of pure iron
hexagonal thin wires

Magnetic flux density (T) Iron loss
. (W/kg)
Material Bys Bso Bigo W15/50
2500 A/m | 5,000 A/m | 10,000 A/m | |

Pure iro(réi?;io;frlnt)hin wire 165 175 187 11

Pureron hexagona fnnwire | 163 | 1.71 | 1.84 | 5.35
35A300 (JIS)
50A600 (JIS)

> 1.49
> 1.57

> 1.60
> 1.66

>1.70 <3.0
>1.76 <6.0

Rotor

Stator

Axial gap type

Motor type (2 Rotor, 1 Stator)
Poles /slots 10 poles/ 12 slots
Core size ® 101 x 37 mm
Core volume o8 Cm3.
(-20% downsized)
Weight 1.41 kg

Radial gap type

6 poles / 9 slots
®82 x 70 mm
370 cm3

1.68 kg

K2 REAGM LS VT V¥ y v 7E— 7 DL
Fig.2 Specification of the axial gap motor and a commercial radial gap motor
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Abstract

In the stage of mass producing axial gap motors, their soft magnetic powder composites (SMCs) are produced
by die compaction. In the prototype stage, on the other hand, a simple-shaped powder compact is often cut to
be evaluated. Having such a difference in processing methods causes concern that the magnetic characteristics
of the cut SMCs (prototype method) and the mold-compacted SMCs (mass production method) differ and that
may affect the motor characteristics. Therefore, axial gap motors using these cores have been prototyped,
and the effects that the methods of processing SMCs have on motor performance have been quantified. As a
result, it has become clear that, as the torque of each motor increases, the efficiency of a motor produced by the
prototype method decreases in comparison with that of a motor produced by the mass production method. The

difference factor has been identified, thereby clarifying the points to be considered in SMC processing.
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cutting cores (compacting - cutting [%])

Torque (N-m)

800 1,200 1,600
Rotation (rpm)

9 &MEIa T LN a 7 oiEEA (34 VEE/ €
— & A7) Oz (SR - WIEl [%])
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Fig.10 Difference in iron loss ratio (iron loss / motor input) between
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Fig.12 Difference in eddy current loss between compacting and
cutting cores (compacting - cutting [W])
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Fig.14 Iron loss properties of ring test pieces made by compacting
and cutting processes (at magnetic-flux density 1.0 T)

WbHo TOXINT, T THEOHERRERLRET] O
HEWATE—FHEEICB W T - e 27U ¥ AEOEW
A, FERELTEE - KMV HEBICBWTE—%
WMRICERZ L 25F, T2, ER I THHEORERE
DN AR DV 7 FIRIZ B W TR ER A D,
DX HIZ, I & BRI OB G AR O
WITE—FRHI L/ ONLHERE X —FKL, -7
R OBECIIER T 7 O LD &8RS
HZENHLDITR o720

SHIZ, BRI T OSSR - AR T — 5 2 F K
LBERAYI2L—Y 3 V&2F0, IMLHEDENIC
I BE— Y HREOERIZOWTINIT L7 &BKE a7
BLOUHIINML 2 7 O - HERET - 280
BRI 2L —v 3 VREREZBESIIRT. 34 Vi
BIEEl (200) —®& L, 24 VERZIRE20~
BOADIEHW L Lize fThLHEONIZE— S kD
AT ERAE R L kOB 2R L, RE - m VS
WACBIFBRFEOERINRDREL, SREIEI T OR)
BOPYHIN L a7 % RS8R E o7z T & T &
DR, TN - AT REREIREIZO ST S %
EMATICBVWTEE TETWAVWERICEEE L ON
%o

16 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 71 No. 2 (Jul. 2022)



Torque (N-m)

X q_ N/
800 1,200 1,600
Rotation (rpm)

15 BHAY I 2V—Ya L3280 a 7 UEInTa
T DE—FRFOET (GRFOY - [%])

Fig.15 Difference in motor efficiency between compacting and
cutting cores by electromagnetic field simulation (compacting
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Abstract

In the global trend toward carbon neutrality, there is an increasing need for higher performance motors and
various other electromagnetically controlled components in all fields, including automobiles. Kobe Steel strives
to develop new applications by applying soft-magnetic iron technology, which has been cultivated mainly in the
field of cold forging wire-rods and iron powder, to steel sheets. The soft magnetic iron sheet newly developed
has improved magnetic properties, thanks to having reduced amounts of impurities compared with general
mild steel sheets, as well as optimized material properties such as grain size, and features a particularly high
magnetic flux density. Since the alternating-current magnetic properties can be improved by reducing the sheet
thickness, the newly developed sheet is expected to be applied not only to direct current applications such as

FEATURE : Functional Materials and Solutions for Diverse Needs of Society

solenoids and electromagnetic relays, but also to alternating current applications such as motor cores.
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F1 M OLERT B X OE
Table 1 Chemical composition and thickness of specimens

(mass%)
Materials Th(irffr’ssss C Si | Mn P s Al N
Pirr"::ts"hp:e:’f SteelA | 0.1~1.0 |0.005 |0.002| 0.21 |0.010 | 0.003 | 0.001 [0.0034
, Steel B 1.0 0.022 | 0.01 | 0.14 | 0.016 | 0.008 | 0.032 |0.0025
i?gg{a;hr:éLd Steel C 1.2 0.046 | 0.01 | 0.21 | 0.012 | 0.005 | 0.032 |0.0034
Steel D 1.0 0.050 | 0.02 | 0.21 | 0.016 | 0.010 | 0.044 |0.0060
. 35A300 0.35 0.004 | 2.81 | 0.17 | 0.018 | 0.002 | 0.265 | 0.0025
Electrical steel sheet
50A800 0.5 0002 | 027 | 023 | - | 0.002 | 0.265 | 0.0010
i BRI L 7, MG LRSI & DL T, S Steel A D
d=1//m (1) PRIEJI1E35A300 L [HIZETH 1, wALLER X 35A300
- L e 8
g x 20 (2) &£ 50A800 D RNZALE T BEFEL XIVIZH D, WolT),
ML= 8 X 2Cettitee ettt o o i o
Steel A DRFHEE I, FREFVENC B TSP
IS, d PR (um), mi 1l mm* M40 D FIRME D DB EIERICE > TwD, Ihd, Higk

ERERRE, G RER T TH 5o
2.2 WSO

WS AF IS D W T, 60 mm £ O B E H v, 850C
X 3 h OKEHBEBESIRIC, HRRARE & A
FEPE 2 AP L 720 MRS MERTAMIC 1L, A b o B A
PR 2 L7z,

LR SR MEIL JIS C2556 12 #: LT, #IRLiiR & v
AT Y ARMBAENE L, SRAEEICB S B
B, PR#EI He, RICEBHR U ZROTZ0 VLI A
FRY L—SoEiH@z e LG aolBMe L
T, BHoOREHFED 5 b — i) 2 KB O 2 5HEA
7EHE 1 mm B O REHE 72,

AV E X JIS C2556 12#: T, U 0.1~0.5 mm
ORVER L IO BRESMA T LT, 15 TICBIT 2 8k
A% 50 Hz & 400 Hz DRI TR D720 E— & Plvif
DA 7% % RE U 72 elehh 12, i W oD 46 07 ) 2k 7 1
8 A JIS-35A300 3B & U JIS-50A800 % H > 725 35A300 i%
Rk L — K, 50A800 &L 7 L — F o 4 5 1) P FE 1%
M E LT L7,

3. FHERRBLUVEE

3.1 ERMSIFHEIEERSH LU O0EBOMBEG
e L 72 MESESIH Steel A, —EHk$HM Steel B, C, D
B X OME 5 [ PE B HIA 35A300, 50A800 O I i i KAF
PEZ R 2 1TRT o FSRHA & — ik 2 i3 5% &,
A L 72 M BRI Steel A PRI AVN S IR IGER:
KRR o THBY, BBULRQRTRBRFEZ R,
&AL, HERSAUE — MRS TR AV S v,

K TIESIR AR EDEETLENBRINENTE ST, Si
& Al AEFTH 3 mass% il L 72 35A300, #90.6 mass%
WML 7250A800 12 XT Fe D& HERPEH WO TH
5o

L 228k S Steel A B L OV — ik S A Steel B,
C, D DR BESI T O WM G H AR 1 IR,
POFGIRIIEFRS ZRL TV D, BEARED BIF24
PRIAPL Steel Al —MEBRIAU LA TRESRZEATK &
Wb Do KSR RIS RERER D 2 05 CRES AR &
KFSELZERMOENTEY, Steel A2Steel B, C,
DICHARTREN DD S VHRE =T 5, CrLA
WEOBMMREE 2, Rk & R OBRZR 3 1R
Fo CEMPLWITERMNEIVNS L, KRR E
WERRBENDNE L e DA DN L, CED T4
v & ERBESEIRE TH 5 80T HIAICB W T a HAl &
LRAhlOBEREELL TV, CalBBEMA
0.0l mass% # 2 % £ 800CLLETatlE y D 2 #IC
BH oMM EOMEENE 22, 72, Ch
0.02 mass% B 2 5 LWHPIZNN—F 4 MR X V¥
A PAWIH L CESUSIEZ IR T S8 %, S 51T, REBR
DY, Steel AldSteel B, C, DICHXRTAIEN VW
725, AIN OHF T & 2 R0 BB A3 % i/ NRIC B 2
b Z L BRBNIVNSVEREEZ bb,

RALBESIIR I BT B A F /8 A DT &AM
B2 REIIOMRER 4 1R85, ETFHEI3I~5%H
BEDAF VS AERE L 7- (2 S EEBER T 5 2 212k D,
BRI D EMEST B 2 b h b, TR EBABEE
DRI DR ERI5IZRT o 3~5%DE TR TH:

* 2 MM 0B TR
Table 2 Example of DC magnetic properties

; Coercive | Maximum Magnetic field density (T)
Materials Tr}lﬁ‘lr;?ss force specific
(A/m) | permeability | B100 | B200 | B300 B500(B1000| B2000 | B5000 | B20000
Prototype
of iron |Steel A 1.0 24 5,520 0.68 | 1.26 | 1.46 |1.55| 1.61 | 1.67 | 1.78 2.03
sheet
Steel B 1.0 39 3,803 0.41 1096 |1.31 (1.50(1.59 | 1.64 | 1.74 2.00
General
mild steel | Steel C 1.2 33 5,607 0.66 | 1.31 | 1.49 |1.57| 1.63 | 1.68 | 1.78 2.02
sheet
Steel D 1.0 50 3,231 0.37|0.81|1.20 |1.56(1.71| 1.80 | 1.91 2.06
Electrical |35A300| 0.35 26 14,665 1.20 | 1.36 | 1.42 (1.47|1.53 | 1.59 | 1.70 1.93
steel
sheet 50A800( 0.50 109 3,950 0.22 1099 |1.28 (145|156 | 1.63 | 1.74 1.97
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Fig.1 Microstructure of steels after magnetic annealing
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Fig.2 Relationship between C content and grain size
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Fig.5 Effect of skin pass rolling condition on grain size
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15T, 50HzB L 15 T, 400 Hz Dlphfizz T 2B 5 8k
M E A W15/50, W15/400 R 6 B X UK 7 12”7,
Z 2T, Steel A-05, Steel A-0.35, Steel A0.11%, 5t
M L 720505 mm, 0.35 mm, 0.1 mm OfligkK
DOHEETH 5. 50 Hz IZB W T, HUFE05 mm DHlisk
SR & AE 0.5 mm O 5 M PEE RS (50A800) Dk
HEATIZFHE L 2o TV DAY, 400 Hz TIEZAEH R 0 8%k
AR E L, ZONRE AL LHBEMBIRIKE %
iﬂ/\’i’ HOTW5, MR, SizEaT 5 EHBIINR
AR TELAIEIAVN S Wz, [ UHRE O B RS X
DY IMBIRIBEDPKREL 25 KAEBRTHWZHMEO
BELRIPTOFENEIZ, Steel A : 01150 xQm, 35A300 :
04735 uQm, 50A800 : 02010 uQm TH Y, [ ULARET
OMBERBIROMMINE —FHLTW5b, F72, BAEELK
MEWIT EMERBLOBZEITEZFICRY, 50Hz X D
b 400 Hz (2B W THESKSIRK O #RIE 2K & < 7 B HTTAH
AHNDo WEFIAL W (W/m®) & BRI (Qm),
WEd(m), WS (Hz), wKRBEIREEB,(T) ORMK
s ERA ThH AR (3) THEND,

W= (TdfB)2 (6p) «eeererereeesemsininininenans (3)

X (3) OBy, WERBRKINELZNESTSLE
TR TELZ Db hb, M6BLURITIZRT EED,
FEE AR O AAE % 05 mm 2 5 0.35 mm, 0.1 mm & 7 <
952 EIZL D mERBLEK SN, HE0L mm T
i, B %50 Hz, 400 Hz & 3 #F 0.35 mm O & #%
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Fig.6 Comparison of iron loss between prototype iron sheets and
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Technology for Improving Performance of Tin Plating for Automotive Terminals

Yutaro UEDA - Masahiro TSURU

E: 354

HE W T121%, BREEEICENSHEENAL VSN TW S, SEEIERATTRILL, ZOmibkE
BERIILE 25720, HMBELSIMN 2RI 272007 TOo X EN TS, ARTIZ, HE)HGET
HT 0o ZIZERENIHHICOWTHHET L E LB, BTV VF LT Foo EWE [H) 7u—Ho
& (B RERARR) | 12OV TN T %,

Abstract

Copper alloy, which has excellent electrical conductivity, is widely used for automotive terminals. Since copper
alloys are oxidized in the atmosphere and their oxide coating acts as electrical resistance, tin plating is applied
to keep the contact resistance low. This paper explains the characteristics required for the tin plating of
automobile terminals and introduces Kobe Steel's original tin-plated products with new reflow plating (high

thermal resistance and low friction).
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Fig.1 Cross section structure of tin plated copper alloys in plating
and reflow processes
*IMC: Intermetallic compound layer of tin & copper
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Fig.2 Schematic image of cross section of terminal
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Fig.3 Relationship between contact load and contact resistance before and after 160C x 1,000 h annealing
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Fig.4 Cross sectional SEM images and composition of oxide films of tin plating after 160C % 1,000 h annealing
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Dimple: Reflow plating, Flat: Specimen
Load:3 N, Sliding distance : 5 mm
Sliding velocity : 80 mm/min
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Thermal Characteristics of Copper Alloys for Electronic Components Part 2

Dr. Koya NOMURA
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Abstract

In order to explain the thermal characteristics of copper alloys for electronic components, the Wiedemann-
Franz law, which shows that the electrical conductivity and thermal conductivity are proportional, has been
explained in detail, and the scope of this law has been shown with notes associated with the microstructural
changes of copper alloys. The relationships among the solderability, weldability, contact resistance of terminals
and electrical conductivity have been explained from the aspect of thermal conductance. It has been shown
that the lower the electrical conductivity of copper alloy, the higher the immersion solderability and resistance
weldability become. The basic idea of the relationship between contact resistance and exothermic temperature
at the contact of a terminal or a connector has been explained in detail, and it has been shown that the contact
reliability improves when a copper alloy that suppresses Joule heating, that is, a copper alloy with a higher
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Stabilization of Characteristics by Hydrogen Plasma Treatment for Top-gate
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Abstract

Top-gate thin film transistors (TFTs) using a high mobility oxide semiconductor, amorphous In-Ga-Zn-Sn-O
(a-IGZTO), are attracting much attention in the field of flat panel displays. Here, the effectiveness of hydrogen
plasma treatment for the formation process of low electrical resistance source / drain has been clarified. The
hydrogen plasma treatment has reduced the sheet resistance of an a-IGZTO film, and this low resistance state
has demonstrated a high stability under heat treatment. An X-ray photoelectron spectroscopy has confirmed
the existence of OH group after argon plasma irradiation, which suggests that a-IGZTO has been physically
sputtered. Meanwhile, it has been shown that the hydrogen plasma irradiation causes the a-IGZTO to be reduced
by hydrogen radicals, the reduction reaction producing metallic components. This reduction reaction is considered
to have made the top-gate type TFT treated by hydrogen plasma more stable under the heat treatment.

BREAX—T7—-F

M N5 YAy, B FE4R, In-Ga-Zn-Sn-O, In-Ga-Zn-O,

FAFE=Cyr57—%, Al IoT, HEEER EOH
LWEA A O E2 £ 3ET8H2IIL TS, 20
I BT IVINARTETF TN AL > THZONT
BY, ZORIEELEZRO—DICERHIMAEEEZET
BENIYIVRAYDBETONL, FT YTV AY LR O®ET
TN ZNNEHEEEMED N TV 2s, LA TE R
WEWHENDH ST T VI ATOFEINILD, /N
AL - SR LD EHRT, SHO X IEFDOH HW
LY CEFTNA A ZEHT 2HE0FEIL T b,
b7 YV R OERMEHIE YY) a AL A S
DL, BEFT A AQRERE, YV ariHwiz b
T VIR DENDELRENZ Do BFTNAAD—D
THHTA AT LA GEHIIBWT S KRS iET
I A MOEWIERE Y 3~ (amorphous silicon, DL
TFaSikw)) #HVAHEE NS Y 2% (Thin Film
Transistor, LFTFT & W9 ) AL ER L TWbH,
AR, TFTORBMBILEROBEE D IR Z 5L,
FEAIEEZ R T V) T Y PUANOH LR S L CERL
Wik (LUF, B EEfk e vw)) 2R ST b,
FRALEEARIL, a-Si & RIS KR C OB AT ]

by =N, KEFFIA<, TVIVTIFX<,

FEE VIR ZERFED 225, a-Si TETIZ-_T20 150
LOEBEEEZEBTEAMETH S, HlALIE TV,
7Ly, J—=bFPChEIMHEHINLHERT 4 A
T LA o EA R e LT, I E In-Ga-Zn-O
(aIGZO) "V ¥ %, X 0 mB B %/~ I 5 In-Ga-Zn-
Sn-0 (BAF, alGZTO:wH)¥ ¥V REEShTW5,
Fo®ETIE, FHELT 4 A7 L 4 (Organic Light
Emitting Diode, VL FOLED &\»9) TOHRM b B
EIZH D, SHICATY 2 EOPERGIT~DORER D
M ENTnd, 2OL)RITEDILNBDITEDLET,
VA CIEE LY B A BB X ONTFT 71 & 2 OB %
WY A TE 72

BB TH 5 OLED T, ¥z EEe345720
WCTFT OFERBRFEARD SN T WD, FERARE
T s 57201218, TEFTOMEEZHEROKR N &7 —
MEIKEE DS by T — N (T L —F R E HIER) R
YV IEHET B EDNARTRTH D, by Ty — M
e AR ML — MIEOR D KELREVD—DIT,
By a kg OB LT O A TH D, by Tr— |
RIS T, 7— MNEME ~ A 712 L CEARILLEE % it

CUHABHREARES ST R A S EISERT (L RBCAL)

eV afE ¥ =y PRERE

RsD #7845 /Vol. 71 No. 2 (Jul. 2022) 37



T LI, BRALY PEARE O & R IR IR S
BHLILENTESL, ZORIKPIFHEEZY —A - FL A ¥
#H3% (Source/Drain i, LIFS/DHiE V) &L
THAT2ZEI2XY, 7= MNEMES/DHEIKDOMIC
F—N—=F5 v TR TIENTE, FEAERZIET
XEHL0IHI XYy bAEBH D, LarL, TFTE L THRE
BRI, —o0iFEEILE @IGZTORY)
Wz, SRR & EAR 0 2 R ORI 2 RO SR A 1R D 45
JAELERD L. S/DEBIERO K, 79 A<
'@6%9)' FTILIZmAE @,imw), 11>Y 4 F V‘EE)\IZ)' 13),
L—H - 2w oh0 AT N E TICHR
RENTVE, ThoDH b, KET T AR, K
FOBRDFENT20, BALY FBEENOYIN 72 5 X —
VHINSWEBfF s N D, T2, B LW sk Ik #E A
BB EHEMEE LR Y, oM EBEEME T X
DEHFETH LI LhD, KETT AN X 5T
IEFFCE 5o S 51T, MW 8 — R I B R
RIBIZ X DARESR v ) 72AEINS %28, B3 52 &
WX DEYARF ) TRICHEL, TRTHMEZUET
XHZEDPHMONTVEY, Zokw, BT ot 2
DFMI U CRERGMET T 25RO HhTwn
5o

Z 2 THHE, W BRI B R a IGZTO It
LT, BT A7t Ry 4 v Ry DEWKES
I AW EET Y 22 L. AT, K
KT IR EIT 72 by T4 — I TET OfmEss

) TFT

Active(a-IGZTO) ;
deposition & patterning | !

Self-aligned process

(ILD) deposition
& patterning

S/D deposition

& patterning {[S/D

Post-annealing

(plasma exposure) ! Glass sub.

Inter layer dielectric e

I i Glass sub.

i Glass sub.

PENTRBEZET A ERL, XBAETHLE
#: (X-ray Photoelectron Spectroscopy, LLTFXPS &
9) BHWT, KETIATMHIZL LY —A - FL A
VIBED A T Z AL OWTER LR 2 HRET 5,
1. KEBHE

alGZTO D ¥ — MKPLE & O SR % 57l 3~ 5
72012, HI AN EITE E40nm ® a-IGZTO % # A
J£0.13 Pa, O,/ (Ar+0,) #mlt 4% D5EMFTDC< 7 &
by ARy Z ) 7KDL 72 KL 72
a-IGZTO R % KA T350C, 1 h#EMH L, 7T~
T A< F 123KET T A BE 2 {ToTe 75X
~ gL, TNENRFEIOEL 5 VAT B O 7 F
A<EBEER W, TIABE L7227 1 V2L
T, ¥— MEPLE AL TllE L, XPSHlE 21T 72,

(5 VR 12 W72 2 IGZTO-TFT O #E 7 a & A
&, BT 21X 5 v — MEMUA L Z Y 5 72
DIPLEHIHE T2V T, EhFh T at RITHIET 5
WIS ZR 1 I2RT, 77 AEMREIZSIO, DNy 7
7% 7T AL R R (Plasma Enhanced-
Chemical Vapor Deposition, PLFPE-CVD & w9 ) (2
LI L 7%, AR ZERIZ L TaIGZTO % DC
RTAMNO VAR ) LD A0nmEEL, v =
v NLyF U TNTCNY == T ffol. TDH, K
SSRPHSIZT350T, 1 ho BB 247w, Si0, 7 — i
# 1K (Gate Insulator, BLFGI & w9 ) K% SiH,/N,O

resistance |
|

Gate insulator i [Actiy '
& gate deposition I Glass sub. E
I. | 4 Gﬁ‘e ‘orvi :
Gate insulator i E—— f !
& gate patterning ! Glass sub. I :
I i plasma iplasma

____________________

1 by 77— MUTFT B L OEIEHIGE T (TEG) o8k 7 at X7 v — &tk
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38 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 71 No. 2 (Jul. 2022)



DORET A% LT, 250~300C ® #ih)E TPE-CVD
W& D150 nm K L 720 2 &EIZ, Mo# — h &Mz DC
RTIANOV AN ) L DEBEL, -
Yy by Frr, = MEEEy oA 4 v
v F » 7 (Reactive Ion Etching, IFTRIEX W9) I
SOy —=V T L7 BB, F—MEREZ~YAZ L
LT, WAL EkEmc 7y VT 79 A FdkE
75 A< &R L CS/DHEE B L2, D, PE-
CVDIZTSIO, 2 PR & LTIEKL, FIf vy F ¥
ZICkyary s v A= VERERE Mod4S/DEkk
EDCY7 AR YR8y 7)) U X DB LT &
FEREE, RERRT A= T F A FITTHE L7
COR, TFTE MU 7ut R 278 E T M
ETAHIEITED, S/DHEIROELRILITOZAL % FFMl L
72

2. REBREREER

2.1 #NIBICXT 3 TFTIEHFEOREM

9, T AR L 72 a-IGZTO S5t L
T, TVIYTFGAUIL KK T T A<z Th e
NFEME LB O Y — MEHLO 75 X< BT FREN: %
218 Y Wi, #LE (Pre-anneal) %@ aIGZTO
MDY — MEHIIH10'kQ/OTH Y, wWTFho TS
AWIIZBNTH = MEHIZWE LA LTS
ZENbrotc, BYEHEMA15s LHWIEETH Tk

14
1.2 W H plasma
— @ Ar plasma
J ([
S 10f
=
[] 0.8 F
o
5 |
2 o6 Mg
[
= |
b o
9 04l e
% |
0.2 u
0.0 1 1 1
0 100 200 300 400

Plasma exposure time (s)
2 AW ik (aIGZTO) 2B A Y — MERIO 75 X~
MRS AR
Fig.2 Dependence on plasma exposure time of sheet resistance on
oxide semiconductor (a-IGZTO)

_ 107
< (a)
> EEm
% 1@‘ o9 ®
L
E 10-4 -
|5 ®
I
3 10° |
< @ Ar plasma
©
= W H plasma ®
e 10 1 1
0 100 200 300

Annealing temperature (°C)
4 (a) FLA VEROT =— VIREKFANE,

BEPELNLEEZ LN,

DX, KET I ATHH T E H 7 TET 2EF
PEIZDoWT, 79 A BRI Z R 3 1R &
— MEHUE TR SN2 X, bFhriRT I A<
W TH > T BIF 4 TRTIEEEE S b, F
72, 7T A BEHREE OB M BEEEAYD 3 20
HBIEHTTNY 7 T 2T A LN,

TNy T I AWG L KFET T A~ WG vz
TFT ®#JLHL (Post-Annealing, UL PA ZALEL L 5)
K32 FLA VEBROLEEEZR 4 (a) 1TRT. PA
BULBURIEAI200C LTk, 7Vvay 77 A< g &
KETIARBHEOLL L0840 FL A VEROKT
ANV, LAL, TVI 7o A< L7
TFT i, 200C L ECIE AW E ORI LA
VERDPEBIMET Lo Wol®)d, KET T A<
LTFTI3A %L E3250CE TR RFL A Y EBROMK
THRALNTR Y, ZOT T A TFEOEWIZE S K
LA VEBOZENZOWTELRT L2012, FLAVE
W& S/DFERO Y — MMEOMREK 4 (b) 12RT,
2T, S/DHEEOY— MEHUL, K1IZRT LI,
F—&EBHNOTFTHT (A7t 2 TERS R
FT) ZWE L. S/DHEEO Y — FMEHARS0kQ %
BzbE, FLA VBROBHEIKFRALNIZ, 2D
50kQ &V fid, BHOTFTHEET1 mAZi$ 72
DI REERIIHINT LMHTH S Lh s, B

10
Plasma exposure time
-4
10° | ——155
. ——30s
< 10° [ _a-60s
2 —=-180s
g 108
P
>
o
£ 1010
o
a
10 L=10 pm
W=200 um
10-14

-30 -20 -10 0 10 20 30
Gate voltage (V)
3 bty 7 — MNUTFT OIRERNEOKE T T A~ BHIR K
ek
Fig.3 Dependence of hydrogen plasma exposure time of I1d-Vg
curve of top-gate TFT

— 1072

< (b)

> * am

% 103 ®

=4

5 o104t

§ e

3 105 L

£ @ Ar plasma

g W H plasma )
10© I 1 1 1

10t 10° 10' 102 10° 10*
Sheet resistance of S/D region (kQ/[])

(b) S/D#EIED Y — MEKPLE FL A VEIEOBLR

Fig.4 (a) Dependence on annealing temperature of drain current, (b) Relation of drain current vs. sheet resistance on S/D region of a-IGZTO

RsD #7845 /Vol. 71 No. 2 (Jul. 2022) 39



X ) S/DFEBOEIA EA LTI S L 2D,
B FLA VEROETZ251&RS Lfk%x%néo
2.2 XPSHMRICK 3 S/DFEEBHHEA =X LDEE
FRALY) P ER OB LA 2 HE & LT, alGZTO
W TEOMIL b b, 22T, BILEITO L) &
LRIREDLEALZ & S 2 572012, KETT A<IEB
LT N Ty 7T A WS L 22 ER L Bk O K A IR
DAL % XPSHHIC X D MGEL 720 TFT #3704 A
DEBEFTMT 572012, #1722 IGZTOZxF L
T, RIETHIZK A7 — MEFKO NI 4 =y F 2 7%
Bt L 72 CHF,/AriREH A7 5 X< (LT, RIEZ S X
T Ew)) B LRIC, BRMULBE DI T VT
VTITARBLUOKRET I AR ENENIE L, XPS
GHtEAT o 720 alGZTO 2T A2 ILHE DI H, F v
VT7HRER-oTWAInIZHEHL, & - Bk - KR
WD I HN 7 b DOENLEHAEVIn 3d;, ¥—
I DT ATMIIZE L EBELK LA (B5), In
3d;,, DE¥— 2713, &EInlCkIET 544373 eV, In,0,
RIS % 444.65 eV, In(OH) ; IS 5 44513 eV % ]
WCE = a1 572, £HE¥— 27 OPMHIEHIL18eV &
L, 70t RICX>TELEZVL DL LTHIT L7z,
75 A< ALFLRTIX, In,O, (2§ 5 44465 eV DY — 2
WERWTHALZ EDbA5 (K5 (a)e TNITHFLT,
r— MR ORIE 7 9 A~ LR %2848 L 72 (CHFy/
Ar) BAEHF A TIEAKEAD IO, 12X ST 5
44513eVO Y =7 25 K$% (5 (b))o RIEY T X
DGEIIZ, ShoFTT VNI, KEFTVHIN, TIVT
YAFIRT T AIHPIAAET b0 DD, WAL

B, KEIFTANEDRIE, TVI A FIZEBR
n/&U/aw%#ﬁG%~ﬁmwaék%i%ﬂ
5o DEIL, TIATHPORMBEEMALZZ. K5 (c)
WCRT LI, TAVIT 7o ABHEZICIE 251
In(OH); 1IZHIETAE =7 BWAL TWbH, wWolR),
K5 (d) WRTEIE KEFSIBEEICIEIn
3d5, DE=Z7 HFRKELMMANLF M7 ML, K
WAL OY — 27 OEEIVNS LR, SEEGEEERTYE
— M T L, CORFBPRAKETI AHEICL S
InDOBRITEREBL TS, 4B, RIEZS A ITIEZH
W L 7= 5 CH RO RSSO T AbH729, RIET
SATTROEEIIIIE AR L, BRMLALEIC SR X
NTWabZ EPbhrolz,

INLORRENS, alGZTOICXNT AT NI Y 7T R

S EKRFET T A BE OB OVWTHEE S NS X
Ho XL %#BE6IRT TVIT YT 5 AMBEORE
X, TVI A F VL BROOMYE R ANy 7 1)~
TEWREINDL, RMMBAy ZEN, Fx)THE R
HPEMEFERBEAELLZ LIS VEIEPLL T B L E R
SNBY, 1L, TAIT A+ v OERPKE VD
WEEE 720 T3 %L, alGZTO T 523 _RTOH
T (In, Ga, Zn, Sn, O) BRAN Y ¥ ) Y FENTHF ~

)Y TRY R END, EDHE, KREHPOKFIZ
FBEINT, alGZTO DKM A OH 2 TIEHI S /-4
EWIXPSTHM SN INL, wolTH, KHE
HFOEBFITVIVETFIDLWHELELLL/ME W
B, KET 7 ATUIOE AL, alGZTOEKMIZ BT
LB 7 28y FRIRIINEVWEEZ OND, KET

BRI LT, »o#ET VANV (F7213CFx) LD FAIHNIBWT, KEOEMEIC L D AR S NIKFES
—Experimental —Experimental
(a) —Simulation (b) —ISimuIation

—In =Iin

- —In,0, = —In,0,

3 —In(OH), 3 —In(OH),

z z

S ¥

T S

= =

455 450 445 440 435

Binding energy (eV)

455 450 445 440 435

Binding energy (eV)

—Experimental
—Simulation
—In

—In,0,
—In(OH),

(c)

Intensity (a.u.)

Intensity (a.u.)

—Experimental
—Simulation
—In

—In,0;
—In(OH),

(d)

455 450 445 440 435

Binding energy (eV)

455 450 445 440 435
Binding energy (eV)

5 alGZTO MWK D In 3d;, ¥ —2 DXPS AR bV

((a) 79 A=W¥7% L, (b) RIELE, (o) RIELRERZICT VT Y 77 A<,

(d) RIE THABICKE T T A< 4

Fig.5 In 3d;,, peaks of XPS spectra on the a-IGZTO thin film surfaces,
(a) no plasma exposure, (b)after RIE, (c) RIE and argon plasma, and (d) RIE and hydrogen plasma exposure

40 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 71 No. 2 (Jul. 2022)



In argon plasma

..... - )e NE
‘ ~-./ /\\*Je' A .
Oxygen vacancy Matal atomm
a-1GZTO (In, Ga, Zn, Sn)

In hydrogen plasma

(b)

H* H*
\.7 \ 7
.mc}‘ Qe .........
e e
-9
a-IGZTO

X6 79 A< X BEIPULD 2 = X 4,

5

After treatment
\ \

i ...... _@.a ...... OH OH Oﬂ.
‘\'

a-IGZT0

After treatment

a-1GZTO

(a) 7TV 7 I A<MgrE (b) KFET T A< MG DX =X L DR

Fig.6 Schematic representation of a possible mechanism to explain the difference between the (a) argon and (b) hydrogen plasma exposure

FA v (Faty) 2PalGZTOEM 2503 L {1Z0H
KBS e, $4bb, InOREAEIT L TEIE
BAERTHIEICED, Fy ) THEML, S/D#M

DELEIPBP L7 EZOND, ZDLHIZ, HL
alGZTO DARIKPUIL E VWO HRGETH B 25, TVI T

T AIIE KFKT T AW TIIARIRIULD 2 H = X
LD D72, TRTHMICE 2 BB E WA
Lzb#z26N%, 22T, alGZTOZx 3 A -l i
A" A 43 #1 (Thermal Desorption Spectrometry, LLF
TDS & 9) T, 100CHHEA 5 OHMD BB F 1,
A0CL ETIEno iR I N b, D7D,
In-OHAEA LD D InIn#EOHR LV ZETH S LI
B2i3hb, 72, SIRLZEDIL, KETFAH
W ZELTAZLICX ) TFT O MEEE 2 EET
KNy 7 MA@ H 5. Fr A VEBICETI A<
R LTCORWIZL b ST, TRTHMEICEES
BZTwb s, KETIARIZLETH N Vi
aIGZTOBEHNIRIZHRALTWA EEZ 5N %, U E
DRRESLTZBE, TLVIT YT I AU HARTK
F7 9 A<BTIXaIGZTO I & V) %58 % &) K
DL B720, TOHRDOBIETEALINIT VW, F
72, ZOREPNIRETRATYDL Z LMD, KEHHEE
L3N T HNIROMBIRPUIREDHEFF S LB 720, 412
RLZEHI, BOBMEZRLZbDEEZ HND,

9 =0LEDIT b v 77— MEEOEBIEEa-1GZTO
TFTIZDOWTC, KETI A% HWTEE LA
FEHLEICKH L TR T B YA 4 v FyEs5ns o
EEIRLT, T2, KETIT A% 8K BIZBW
T, XPSHHHH 7T~ 12X ) B8 k550 S
NBZZ LI VEREGVHMTHIEERLIZ, ZO
FEE, alGZTO OEMALIRE e b L, SLiizst L

-

THERLZEMRO LAZIHITE L2 L 2SI
AETIE, 74 AT UA G CHER SNSRI
KIZoWT, BIFOMEE 70t X DEEIZOWTHE
L7228, PEAXEVDL ) REBTTNA ADOHFHTY
I PEREL O 72 DI IRALI -8R O BB ASHGET S MUikd T
BY, Uk aIGZTO % v 7228k X £ ) @ 2-fi%5
BHHEENTVEY, 20X 5 HIIBNTD,
NE TOMLY FERBIIC B VTR S RSB
X OHTH I & B 7 1 & R EHEE O A1 L AYE H W B
ThHhHEEZTEY, 574 5BtW SRRk
WCEBAL TV E 720,

-
—

Z X W

K. Takechi et al. J. Appl. Phys. 1998, Vol.84, p.3993-3999.

K. Nomura et al. Nature. 2004, Vol.488, p.432.

) M. Ochi et al. Proc. IDW'18. 2018, p.308.

) BREERTIEA. 251K T 2020, NoS0, p.21-24.

) MR TN A AW A, W T 0 YAy, a3 u -t 2008,
p.229

J. Park et al. Appl. Phys. Lett. 2008, Vol.93, p.053501-1-053501-3.
H. Lu et al. Proc. 2016 23rd International Workshop on Active-
Matrix Flatpanel Displays and Devices. 2016, p.131-134.

Y. Magari et al. ECS J. Solid State Sci. Technol. 2017, Vol.6,
p.Q101-Q107.

H. Tsuji et al. IDW '20. 2020, p.149-150.

N. Morosawa et al. Jpn. J. App. Phys. 2011, Vol.50, Article
096502.

T. Liang et al. IEEE ]J. Electron Devices Soc. 2018, Vol.6, p.680-684.
Z.Ye et al. IEEE Tran. Electron Devices. 2012, Vol.59, p.393-399.
R. Chen et al. IEEE Electron Device Lett. 2012, Vol.33, p.1150-1152.
M. Nakata et al.IEEE Transactions on Industry Application.
2017, Vol.53, p.5972-5977.

M. Nakata et al. Jpn. J. Appl. Phys. 2019, Vol.58, No.9,
Article090602.

FRHEARII 2. R&EDMH EHH R, 2015, Vol.65, No.2, p.72-77.

J. Wu et al. IEEE Transactions on Electron Devices. 2021,
Vol.68, Issuel2, p.6617-6622.

RsD #7845 /Vol. 71 No. 2 (Jul. 2022) 41



WA HROSRE - XERASRBMEMH 0V 21—V

(Heffy et

SiIC/INT—FINA ANV IVF X5 — V3

hEEHT - EOBR—" - EeAkESE"?

Multiscale Analysis of SiC Power Device

Hiroki NAKAO - Kenichi INOKUCHI « Miyuki SASAKI

E: 354

IR —FNA ZNEHERIE SIS ST 72As, L0 BRI R R ST =258k & L TSIiC % GaN 289 1k
N, F726a0,0ELHEDENT VS, ZOHRTHSICIRRDRELWLEZALTRBY, HEHE - B, L
WHH SN TV, SIC/RT—FNL ZAD—D2TH A b L ¥ FHEED SIC BB S RERDE NS VRS
(Metal-Oxide Semiconductor Field-Effect Transistor : MOSFET) &, RO 7L —FfED b DIZHRT/HY -
FHREALS R Z DL ERICHRVOOH 5,

AFTlE, ML Y FHEEDSIC MOSFET (2D WTC, ERE TFHMIE (Scanning Electron Microscope : SEM), &
T PSS (Transmission Electron Microscope : TEM), T~ ¥ 762 & % 5006 2 i8035 0 HED 5T
TFHEHMAGDEL Z LX), BEHEMBEL D 50m LAV FETOTIVF A7 — IV TORERE, K, Ko
S % 4T > 720

Abstract

Conventionally, Si has been used for power devices; however, SiC and GaN have been put into practical use
as next-generation power semiconductors with higher efficiency, and Ga,0O is being developed as well. Among
them, SiC has the largest market and is being used for automobiles and electrical equipment. The metal-oxide
semiconductor field-effect transistor with trench structure (trench MOSFET) is one of the SiC power devices
and is becoming the mainstream because it can be made compact with a higher performance, compared with
those of the conventional planar structure. This paper introduces several examples of the analysis of SiC
MOSFETSs with trench structures performed by scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and Raman spectroscopy. Combining multiple analysis methods has allowed the evaluation

FEATURE : Functional Materials and Solutions for Diverse Needs of Society

of structure, composition, and defects at multi-scale from the optical microscope level to nm level.
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Development of High-precision Nanotopography Measurement Technology
for Silicon Wafers
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Abstract

In semiconductor manufacturing, it is known that the nanotopography of silicon wafers has a great influence
on the quality of shallow trench isolation (STI), which is processed by the chemical mechanical polishing (CMP)
process. With the miniaturization of semiconductor elements, a high-precision nanotopography measurement
system has become necessary. In recent years, the production of wafers with a diameter of 300 mm has
become mainstream and, in general, each 300 mm wafer has a warp of approximately 30 um under conditions
of weightlessness. The Fizeau interferometer is a shape measurement apparatus that uses the wavelength of
light, and if interference fringes are shown for the entire wafer, the striped pattern may become too dense due
to the warp, making measurement difficult. Against this backdrop, a nanotopography measurement system has
been developed to measure the shape of each 300 mm wafer by dividing its measuring range and capturing the
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image of each sector to deal with the warp that usually occurs.
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Abstract

The property of coatings deposited by the arc ion plating (AIP) method, which is one of the typical methods
of vacuum coating technology, depends on the characteristics of plasma generated by the arc evaporation
source. The newly developed evaporation source enables the formation of nitride coating with excellent surface
quality, and its wide range of residual stress control in coating makes it suitable for thick coating. This paper
outlines the recent evolution of vacuum coating equipment technology, focusing on the basic functionality and
performance of a small coating system suitable for the high-mix low-volume deposition process. Also described
are the features of a carbon evaporation source for the AIP method dedicated to deposition for hydrogen-free
diamond-like carbon (DLC), and the effect of deposition conditions on the coating property.
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Development of High-current Distributed-tin Nb;Sn Wire for Superconducting
Magnets
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Abstract

This paper reports on a high-performance Nbs;Sn superconducting wire whose critical current density (/o)
has been increased by the distributed-tin method. The homogenized diffusion of Sn and Ti, as well as the
improved amount of Ti addition, have achieved a J. of 1,100 A/mm?® at a temperature of 42K and an external
magnetic field of 16T. The target for J. in the Future Circular Collider (FCC) planned by the European
Organization for Nuclear Research (CERN) is set to 1,500 A/mm®* at 42K and 16 T. With the aim of achieving
this goal, the distributed-tin method has been selected from several Nb;Sn manufacturing methods. Being a
type of internal-tin method, this allows large amounts of Nb and Sn to be arranged in a cross section and is
expected to generate a great amount of Nb;Sn to achieve high J.. In accordance with this study, controlling the
diffusion state of Sn and amount of additive elements results in a structure with a fine and homogenous Nb;Sn
composition, which enables achieving the high J. at 16 T.

FEATURE : Functional Materials and Solutions for Diverse Needs of Society
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% 2 DT Nb.Sn#itt Ostc
Table 2 Specifications of the distributed tin Nb;Sn wires

Sample name 1A 1B 1C 2A 2B
Wire diameter (mm) 0.80 0.75 0.64 0.80 0.80
Nb area ratio within barrier (%) 471 47.1 47.1 48.0 48.0
Nb filament diameter (um) 2.0 1.8 1.6 1.2 1.2
Nb module diameter (pum) 60 56 48 32 32
Sn diffusion distance (pm) 60 56 48 32 32
Ti ratio within barrier (wt.%) 0.55 0.55 0.55 0.44 0.38
Cu / non-Cu ratio 0.34 0.34 0.34 1.1 1.1
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Fig.2 Local EPMA mappings of Sn and Ti on the cross-section of sample 1A after heat treatment
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(a) 10% rolling

(b) 15% rolling

(¢) 20% rolling

8 JEMES X UELILE: © SEM
Fig.8 SEM images after rolling and heat treatment
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Abstract

The shift toward electric vehicles (EV shift) is being accelerated worldwide to reduce CO, emissions during
running. In addition, a greater amount of renewable energy is being introduced, increasing the demand for
secondary batteries. Against this backdrop, studies are being conducted to increase the energy density of
lithium-ion batteries that are used in EVs and stationary battery storage. The company is also focusing on the
development of new batteries, e.g., all-solid-state batteries that can further improve energy density and sodium-ion
batteries that use sodium instead of lithium, which is a rare metal. Kobelco Research supports the development
of batteries through its evaluation / analytics technologies, including “the prototype production of lithium-ion
batteries, all-solid-state batteries, and sodium-ion batteries,” “battery characteristics evaluation technology,” “reaction
distribution analysis technology in battery cells,” “redox reaction analysis technology,” and “non-destructive
deterioration diagnosis technology for reuse,” thus contributing to the realization of carbon neutrality.

FEATURE : Functional Materials and Solutions for Diverse Needs of Society
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Recent Development Trends in Materials for Bipolar Plates of Proton
Exchange Membrane Fuel Cells (PEMFCs) and Kobe Steel’s Activities
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Abstract

Proton exchange membrane fuel cells (PEMFCs) are expected to become clean energy sources for
transportation applications. Their bipolar plates, which are crucial parts of PEMFCs, greatly affect the
durability, power-generation performance, and cost of PEMFCs. Thus, much effort has been made to improve
the durability and performance of bipolar plates and to reduce their costs. With the aim of improving the
corrosion resistance and interfacial contact resistance (ICR), which affect the durability and characteristics of
bipolar plates, Kobe Steel has been working on the development of coated titanium using an unprecedented
coating and process since 2004. This paper reviews the recent development of carbon-polymer composites and
coated metals, which are being considered as materials for bipolar plates, while focusing on their corrosion

FEATURE : Functional Materials and Solutions for Diverse Needs of Society

resistance and ICR. Also described is Kobe Steel’s effort to develop coating for titanium bipolar plate.
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Table 2 A summary of the results of corrosion tests and ICR measurements of coatings for stainless steel bipolar plates in the main
literatures in the past 5 years
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L300 TiN/Ti + Sppm F TiAIN=12.6 TiAIN=22.1 TiAIN=1.9 TiAIN<0.1
TiN(50)/Ti(50) 0.5M H,S0, , . SUS316L=150  |SUS316L=276  [SUS316L=126 [SUS316L=0.22
SUSII6L o itayer AP o F 70 [DOSVNSSCE for th, Oypurge | 14 |01 Coated=18 Coated=7 Coated=0.033 3
0.5M H,SO, (D-0.1VvsSCE for 4h, H, purge 316]= — 316] =
SUS316L |Cr(ox10°) o S0, 70 ppuge | SUSJIEL 105.2 SUS3IEL 166.7 SUSJIEL 154 |Coated s
+ 2ppm F (20.6VvsSCE for 4h, O, purge Coated=1.4 Coated=4.5 Coated=0.78 0.14-0.16
Nb-doped 200.6VvsSCE for 720h, SUS3161.=58  |SUS3161=70  [SUS3161.=0.017|SUS3161.=5
SUS316L | Sol-gel [0.1M H. ’
SUS3IL |16 (700) Sol-gel |0-IMH;504 801 i puree Coated=38 Coated=41 Coated=0.0041 |Coated=0.042 37

1) P=Compaction force of ICR measurement . 2) AICR=(ICR before polarization - after cathode polarization)/cathode poralization time
3) a-C=Amorphous carbon, MS=Magnetron Sputtering, TS=Thermal Spray, AIP=Arc lon Plating, HEMAA=High Energy Micro Arc Alloying CH=Chromising

X3 WESEMOELLWOF ¥ 8L — 7 JER LA ICRHEREO T LD
Table 3 A summary of the results of corrosion tests and ICR measurements of coatings for titanium bipolar plates in the main literatures
in the past 5 years

. ' Corrosion test condition ICR(mQ cm’) » Corrosion
Coating & film Coating Temp. Polarization conditions Py Bef Aft hod AICR current  |Ref.
thickness(nm thod” ' MP efore er cathode L . .

(am) metho Electrolyte (°C) (Danode, @cathode (MPa) polarization polarization (m€-cm’/h) (uA/cm’)
Ta,N-doped TiO, Sol-gel  |0.3MHCI No polarization Coated=71 Coated=73 Coated=0.008 — |59
only an immersion of 240h
TiN(700-2100) Plasma  [pH3 H,SO, %0 @-0.1VvsSCE for 4h 15 Uncoated=12.63 |Uncoated=26.25 [Uncoated=3.4 |DNegative 60
2 nitriding  |and 0.1ppmF 20.6VvsSCE for 4h " |Coated=4.06-5.98 |Coated=4.94-8.0 |Coated=0.36  |(2)0.08
0.5M H,SO =,
TiN(1900-2800) AIP SR ) - 14 |Uncoated=35.0 - - - el
and 2ppm F Coated=3.0-3.5
Graphene oxide EPDand [0.5M H,S0, (@-0.1VvsSCE for 4h, H, bubble 1g |Uncoated=173.62 _ _ @0.264 &
(2000) heat treatment |and 2ppm F* (20.6VvsSCE for 4h, air bubble " |Coated=3.98 (20.294
0.5M H,S0 @-0.1VvsSCE for 4h, H, bubble - - -19.7 |D-0.27
TIC(2000) DGPSM 2 4 70 2 14 Uncoatfd 98.1 Uncoatid 176.9 Uncoatfd 19.7 6
and 2ppm F (20.6VvsSCE for 4h, air bubble Coated=7.5 Coated=16.9 Coated=2.4  [20.17
0.5M H,SO (D-0.1VvsSCE for 4h, H, bubble = = = D-0.26
NbC(700) Sputtering 2 4 75 . 2 14 Uncoatfd 91.9 Uncoatfd 180.4 Uncoatfd 22.1 64
and 3ppm F 0.6V vsSCE for 4h, air bubble Coated=16.6 Coated=24.5 Coated=2.0 20.32
i-Pi i i 0.5M H,SO. (-0.1VvsSCE for 5h, H, bubble D1.56
Ni-P mcl.udmg TiN Electr'oless 204 70 2 14 _ Coated=3.5-8.7 . 65
nanoparticles plating  |and 2ppm F (20.6VvsSCE for 5h, air bubble 2021
i 0.5M H,SO (-0.1VvsSCE for 5h, H, bubble 0.2
Graphene oxide EDand 2 4 70 . 2 1.4 |Coated=about4 |Coated=about4 [Coated=0 66
(2000) heat treatment and 2ppm F (0.6VvsSCE for 5h, air bubble @022
Carbon/PTFE/TiN | Hydrothermal [0-5M H,80, (D-0.1VvsSCE for 5h, H, bubble Uncoated=80 @0.92
o Y170 1.6 - - - 67
composite(2300) method  |and 2ppm F (20.6VvsSCE for 5h, air bubble Coated=9.5-14 20.53
- - 0.5M H,SO
a-C(534-1281) MS 4 | 70 |@0.6VvsSCE for 2h 1.5 |Coated=6.52 - - @0.1 68
/Ti and 5ppm F

1) P=Compaction force of ICR measurement . 2) AICR=(ICR before polarization - after cathode polarization)/cathode poralization time

3) MS=Magnetron Sputtering, AIP=Arc lon Plating, EPD=Cathodic Electrophoretic Deposition, DGPSM=Double Glow Plasma Surface Modification, ED=Electrodeposition
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Fig.2 Amount of increase per hour in ICR of each coating by
cathode polarization
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Fig.3 Process of graphite coating on titanium and structures of
graphite layers before and after roll press
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URL : Kobe Steel, Ltd Website, "Products"
https://www.kobelco.co.jp/english/products/

QR code :

“QR Code” is a registered trademark of DENSO WAVE INCORPORATED.




mE®RR

<BE HEOZHEZ-X&X23
HEEEMMRE E ZDY )2 —2 30>
*INEFTIRBLAZZ L DR VAR
2%, BebolbLEENL, AAD
o ERIAIEAL D 5o % i & U 5 BRI 72
DFE L7 A—K¥=a2—1FF)V (CN)
LW BENILLREL, FEFZZES
THEBHBEAZRETLLO1CRY, £<
DRZENT IR L, HESERIZ
BN EBDTHE T, BRBEHEIE 41
RETH Y, HiHFT26%5 o
FEERDIIHEETELVEDEZ R
5, SDGs& 9 WG 22 LY AL A b Vs
I D F Lo £ OBEE R
W 2LENHY, ZODIETISY
WVERM OGS EEL Y, TV
FGUATx—Aryvary (DX) w9
AW =7 HE IR TV E T,

* 5P ORESTIE, BeHEZIBIF
D, WET DTN SN BEHD
LRk == BN A TE D Yo
i - WEO—BE, BRI EE V) 2
—varvinHPhaOcImiLTnE
T

*FF, CNOEL L 2EBLELZ D
Bl OB D S VA BHI N 2 4T T
WE 9, REEEMEEBIC, E—5T T
Vor—a VIR LBORER L,
BEMPEET 5 TH A ) il % Hi -

REFE

<K& BE - EE>

* PR EIM TR, £ OB ES
ZROEAL L, PEZERHIE = — XITHIE L
THEIML L 6 - 56 2RMIT 5
ODOBEHEY ) 2 —2 3 YHRBIEDL
TWET, SRIORETIE, Bl
O E LTREICE T AHE=— X2
BILZ2 [H—FKRr=a2— IV HTO
VY 2= g Y] E2dIC, DX
Ble LT THBE - vRy ME], THifg
M- 2o —] SICHL T WL o0
MALET, E512, HiH 5 DERH
v [EReseib] % [hidReft] cBL
T, BT Ry MEROBIRISNA,
BREINS L7 e 2 - i LoBE%
R, MBABEHRTIAYEHAGDE
[ EEo L] L THigHkT
5TETT,

* MR E LTIE, CCS (CO,mIY -
FRR) ol L7 TR A e o 1 8
7597 AR TAY], KRy v
FF [y RAF > L AEH N A avss:
PR, EAERBEMICEN QBT
[MEAS 7YYy FIA4X], ExhEk))

82

MR ORNEZ L THENT L, ARSI 2
EoIzuolErsbiEmL v
T
* B E L2 D H & LTI G SR
DIEFL, EVSEF TR EM ORI - Pk -
Whtki &, Bia RN TB & il o TEF
fili - TRz 216 3 2z HA L Tw»
F3, B EICB L CIE, SRS
WtE S h 2R B LU — FH 8 &
WA ZREREF — X — 212DV T HEEL L
HRFHLTWET,
kDX 1A & % B P EARE A 58T
X, ZOMEREOMRE S, etk
fexp| ZMT 7Ot ADRSE, ks
BT B HE, S 512, TE Lo
ARG 2 & % 0N B Hiffrico
WTHLTWET,
*BEESI T, CERNO KA UK
IR 2e B # 2 (FCC) o HEEIS
LB REPRES N7, FostE T
TH—FIZOWTHHE L TWE T,
*ARUHE S T, BtV — T ORHEN
BEY0 I, BraE - v)a—v
3 VIZOWTHIALE Lz, BERKIZE
STHEL LD AHEHLL T3
CEEBER, INSICLELEINDH
- MM Z IR L T L 2ois, 55D
HMEOG 2 I TEVD 9,
(ILI'FRER)

SE/ARA T [PO3GHHAEEM K] @
PSR AR 2B 2 FETT.
*EPET LR LTI, EHTAARE
ANy AL 2 W S5 [ 7k
7 ) =TT X, BIEAR O
A7 & EAEEELETH S [SESLA™,
BEN R & )R 2 AR A P C ]
e RS 7~—Y 7 — 2] 218
W LTFETT,
(EFEORY PV AT AICBWTIE,
B ENOBHA SRS NS [U—
7 RRREY AT N, $E S CIEHIAE
FEuRy " BXUOHHAV )y FU4 X
EHlAGbER [ShEHEo Ry YA
T A, NG RE TR Y b LR
BREHETAXICE DVINGRE Y » 7 &
BTROHAB LA B L7z [KI700 % Ni
HTI9 7 AANTA Y] IZDOWTHTK
THPETT,
FINOORN - HiAlE BT, Mo
W) 2 — Y g Y ANOJGL A TR
TRFAZ LR ELTRBY £,
(EB1ER)

R:D KOBE STEEL ENGINEERING REPORTS/Vol. 71 No. 2 (Jul. 2022)

<KHEZRED>

Z H K ® B A
B ZRE oW M 5
% BN W Wz
(GO TN

[ A

BOA H

[T RS

[ =

BB AR

A K W —

e~ f B

i = N L

<K AHME>

APHERERR b B & OB

R:D wrFsismss

F71% - F25 (BBEF2475)

20224F 7 H 28 H AT
4 2 WIFEAT
k5t n

FATN

< GEHEE R >
TRA — 18
RiTAR HAstt WFRER
PAMTBRAZEAER A 457 B
T651-2271
METHIX A 1T HS
FIVRIFT 4 FH R TSk &t
T 658-0026
AR T U X AR YT 47T
6% 3%

-5

H

BE
bt R&DANT S H M5 =
T651-0073

PET P X R i 2 T H -
ERAT B PT EARA e Y
FAX(078)261-7843
rd-office@kobelco.com

ARV ALY A A= b F— AW

2-4



202247 F1 28 H

% A
(kAo = Sl iy
Tty FEAE

[R & D#HFPRAEEE Vol.71, No.2] HEIT D&

. PT35I ROILEBEUCHL BT ET,

R O &R EB D ES B L T,

Zo7=0, [R&DMFEEIEHR Vol.71, No.2| ZRITLE LD THHIHL £,
TEMDS ATHEN T L ERTT,

k. T - 5EEBMa EDRTIE - ZENZENWE L5, FTOZEEMICBEREE
ZRADI A, FAXHZWIEE-mail IZ TN 2222 9K 5 BV L BiF 7,

L/ Q=
IR IEY R A=k F — X
R&DMF Bt ipmm 17
FAX (078)261—7843
rd-office@kobelco.com
AXEPXVEZETRRE
% W i % W
Bt
Z P
T T
ZAF
AT | N — (OGS Y — AT FOBR & ZTEA T X1)
fii &
. o E-mail :
AAGEAH | B4 TEL :




July 28, 2022
Kobe Steel Ltd.

Technical Development Group

RE: Delivery of R&D Kobe Steel Engineering Report, Vol.71, No.2

Dear Sir or Madam,
We would like to express our sincere gratitude for your continued support and cooperation.
Attached please find Vol.71, No. 2 of the R&D Kobe Steel Engineering Report.

If there is any correction or change of address, contact name, etc., please fill in the
required information in the change notification below and contact us by fax or by e-mail.

Best wishes for your continued success,
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R&D Office, Kobe Steel Engineering Report
Kobelco Business Partners Co., Ltd.

FAX: +81-78-261-7843

E-mail: rd-office@kobelco.com
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