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Abstracts

Mitsubishi Denki Giho: Voi. 61, No. 8, pp. 27 ~ 30 (1987)

The Development of Slip-Ring Materials for Space Use
by Mikio Watanabe, Mitsuhiro Harima, Jun Nakagawa, Mineo Suzuki & Makoto Nishimura

Three-axis geostationary satellites employ slip rings to transmit control sig-
nals and electric power between the satellite body and the sun-tracking solar
paddles. Slip rings used in space must maintain their lubricative and conduc-
tive characteristics reliably under ultrahigh vacuum conditions. The article
introduces a new Ag-MoS;-NbSe, slip-ring composite developed for space
use by Mitsubishi Electric in cooperation with the National Aerospace Labo-
ratory of Japan’s Science and Technology Agency. The composite features
outstanding friction characteristics, excellent wear characteristics and tem-
perature stability, low electrical resistance, and low noise generation. It is
suitable for transmitting both lower current densities, and very high-density
currents up to 500A/cm?,

Mitsubishi Denki Giho: Vol. 61, No. 8, pp. 3 ~ 4 (1987)

An Overview of the Development of Electrical and
Electronic Materials

by Shoji Hirabayashi

Introducing a special issue on materials development, the article outlines the
Corporation’s materials development aims, and the criteria by which these
aims were established. A table of the Mitsubishi development infrastructure
shows the divisions involved in the R&D for each material. Then, shifting the
focus downstream, the article examines how the new materials have been
successfully applied in communications, electronic devices, heavy electrical
equipment, industrial, and automotive equipment, consumer products, and
other goods. The article concludes with an overview of the current state of,
and trends in, materials development, and outlines Mitsubishi Electric’s
plans for developing the next generation of materials.

Mitsubishi Denki Giho: Vol. 61, No. 8, pp. 31 ~ 34 (1987)
InP and Related Compounds Grown by Liquid-Phase Epitaxy

by Ken'ichi Dtsuka, Teruhito Matsui & Hitoshi Ogata

The authors have investigated optimum conditions for growing InP/
InGaAsP/InGaAs(InGaAsP)/InP structures by liquid-phase epitaxy, and the
results were used in trial production of two types of detector devices for opti-
cal communication: heterostructure avalanche photodiodes that operate at
low voltage, and monolithically integrated devices consisting of a low-
darkcurrent homojunction InGaAs photodiode and on InP MISFET. The
studies established that control of the melt’s supersaturation level was essen-
tial to realize uniformly layered structures.

Mitsubishi Denki Giho: Vol. 61, No. 8, pp. 5~ 8 (1987)
New Insulating Materials for Traction Motors

by Hiroyuki Nakajima, Masakazu Murayama, Eiki Jidai, Susumu Nishidoi & Kei Kuriyama

Due tostrictures oninstallation space, high output requirements, and a harsh
operating environment, traction motors have always been a prime target for
the application of new high-performance insulation systems. Mitsubishi
Electric has completed the development of an extremely heat-resistant Class
220 insulation system that withstands temperatures extremes as high as
220°C. The insulation is comprised of two materials: electrodeposited mica,
and a new heat-resistant impregnating resin.

Mitsubishi Oenki Giho: Vol. 61, Mo, 8, pp. 35~ 38 (1987)

The Characteristics of Hydrogenated Amorphous-Silicon
Films Deposited by an Electron-Cyclotron Resonance
Plasma-CVD Method

by Masahiro Hayama, Kazuhiro Kobayashi, Satoru Kawamoto & Hidejiro Miki

The authors investigated the effect of deposition conditions on the layer
characteristics of hydrogenated amorphous silicon films grown by an elec-
tron-cyclotron resonance plasma chemical-vapor deposition (CVD) method.
Working with unheated substrates, the authors obtained deposition rates
4~20 times greater than previously possible without compromising the film
quality. The sensor characteristics of the photodiodes thus produced were
comparable to those of conventionally produced devices.

Mitsubishi Denki Giho: Vol. 61, No. 8, pp. 9~ 16 (1987)
Composite Materials: CFRP for Space Applications and
High-Performance Printed-Circuit Boards

by Kunihiko Murayama, Yasushi Yamamoto, Toshiyuki Sugane, Kiyoshi Hani,
Hiroyuki Nakajima & Kazuo Miyashi

Carbon-fiber reinforced plastics (CFRP) and other composite materials are
key products for advanced lightweight space structures. Mitsubishi Electric
has designed and manufactured various types of satellites, using advanced
composite materials. Fabrication technologies for large-scale space
structures, such as continuous forming of thin-walled CFRP pipes and 3-
dimensional fiber-reinforcement of plastics, have been developed. To ensure
long-term reliability in orbit, a fundamental understanding of the space-
environment effect on composite materials has been established.
Composite materials with high thermal conductivity or low thermal
expansion for high-performance printed-circuit boards have also been
developed. To produce high-precision multilayer printed-circuit boards,
rheological characterization of prepregs has been investigated.

Mitsubishi Denki Giho: Vol. 61, No. 8, pp. 39 ~ 42 (1987)

Conducting Polymers and Their Application to Electronic
Devices

by Hisoshi Koezuka, Sei Tsunoda, Akira Tsumura, Tetsuyuki Kurata & Torahiko Ando

The unique electronic state and diverse application possibilities of conduct-
ing polymers have attracted extensive research in both their basic principles
and applications. The authors discuss how the polymer characterstics and
energy-band structure were used to estimate the polymer stability. The state
of research on these polymers at Mitsubishi Electric is summarized, and
applications in semiconductor devices are discussed.

Mitsubishi Denki Giho: Vol. 61, No. 8, pp. 17 ~ 20 (1987)
A Green Phosphor for Small Fluorescent Lamps

by Noritsuna Hashimoto, Kazu Matsunaga & Ken Sato

In contrast with conventional types, small fluorescent lamps have a high wall
load. This reduces the thermal-quenching capacity for the phosphors, result-
ing in high temperatures that reduce the optical output. Mitsubishi Electric
has discovered that a small proportion of borate and Th added to the three-
wavelength green phosphate (La, Ce, Tb)PO, improves the phosphor’s tem-
perature vs. luminance characteristics, so that no reductions in optical
output are observable at temperatures as high as 200°C. The presence of
borate and Th in the crystal suppresses the generation of Ce*". The low
probability for Ce**—»Ce*" transitions eliminates the principal cause of
lower optical output at high temperatures.

Mitsubishi Oenki Giho: Vol. 61, No. 8, pp. 43 ~ 44 (1987)
Current Topics in Autmotive Electronics

by Yoshiaki Tsuboi

The now extensive use of electronic control in motor vehicles began with the
introduction of electronic control systems to enable vehicles to meet legal
restrictions on exhaust-gas emissions and to maximize fuel efficiency. The
field of automotive electronics has since broadened as electronic instrument
panels, electronically controlled automatic transmissions, and electronically
controlled suspensions have been introduced. Electronics are now seen as
essential building blocks in providing improved entertainment, conven-
ience, and safety in the automotive environment. The article surveys the
applications of automotive electronics in the 1980s, and discusses current
trends in this fast-moving field.

Mitsubishi Denki Giho: Vol. 61, No. 8, pp. 21 ~ 26 (1987)
Copper-Alloy Lead Frames for Surface-Mounted ICs

by Keizo Kitakaze, Terue Nakanishi, Kenji Kubozono & Takashi Makajima

The development of highly integrated ICs combined with high component-
mounting densities has created the need for heat-conductive high-strength
copper-alloy lead frames. The article surveys trends in surface-mounting
technology and the summarizes the requirements that they place on copper-
alloy lead frames. MF202, a high-strength, thermally conductive Cu-2Sn-
02Ni alloy is introduced, and its suitability for surface mounting is
discussed. Equipment employing ICs with the new lead-frame alloy has
undergone reliability testing, indicating that the solder plating on the leads
resists the peeling generally associated with extended high-temperature
operation.
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Abstracts

Mitsubishi Denki Giko: Vol 61, No. 8, pp. 71~ 76 (1987)

A Magnetic-Powder Clutch-Control System for Continuously
Variable Transmissions

by Takumi Tatsumi, Yasuo Haito & Munehiko Mimura

Continuously variable (stepless) transmissions are being developed by many
auto manufacturers for introduction in production vehicles in the 1990s. Fuji
Heavy Industries has already succeeded in developing a continuously vari-
able fransmission that employs a steel-belt and a magnetic-powder clutch.
Called an ECVT (for electro-continuously variable transmission), it is the
first such continuously variable transmission to be commercially marketed.
This ECVT incorporates a computer-control unit, for the magnetic-powder
clutch, that was developed and manufactured by Mitsubishi Electric. The
article introduces the ECVT and its clutch-control system.

Mitsubishi Denki Giho: ¥ol. 61, No. 8, pp. 45 ~ 48 (1967)
A Semiconductor Accelerometer for Automotive Controls

by Masahiro Tsugai, Mikio Bessho & Takanobu Takeuchi

A semiconductor accelerometer has been developed for applications in elec-
tronically controlled automotive suspensions and other control equipment.
While the accelerometer is small, responsive, and easily mass-produced, its
output is highly temperature dependent and it is vulnerable to resonance
fractures. The article reports on the structure and operating principles of this
device, and examines methods of damping and temperature compensation
to offset its potential disadvantages.

Mitsubishi Denki Giho: Yol. 61, No. 8, pp. 77 ~ 80 (1907}
A Car Navigation System Using Sateliites (NAVSTAR/GPS)

by Sei'ichiro Hirata & Kazuhiro Yokouchi

The authors have developed a navigation system for automobiles that
employs the locating signals broadcast by the NAVSTAR/GPS satellites.
The system simultaneously detects signals from four satellites, enabling it to
locate its host car’s position to within 100m at any point on the earth’s sur-
face. The system consists of a GPS receiver, an antenna, a controller, a CD-
ROM, a 6" CRT display, a speed sensor and a dead-reckoning geomagnetic
sensor. The car’s position is indicated on a map on the display screen, enabl-
ing the driver to easily reach his destination even in unfamiliar areas.

Mitsubishi Denki Giho: Vol. 61, Ne. 8, pp. 49 ~ 52 (1987)
A Car Radio with Recording and Playback Functions

by Yoshiharu Morihiro & Yuji Shiratani

Often it happens that a driver will miss hearing important details of a radio
broadcast. The authors have addressed this problem by developing a unique
radio that plays back the previous several seconds of a broadcast at the touch
of abutton. In addition to continuonsly recording and playing back the voice
data on demand, this new function employs speech-compression techniques
that enable that playback to catch up with the continuing broadcast, so that
none of the subsequent broadcast content is missed.

Mitsubishi Denki Giho: Vol. 61, No. 8, pp. 81~ 86 (1987)
The Development of a Field Magnetometer

by Hisatsugu ito & Katsunori fatsumoto

The development of a magnetic-field measuring system requires quantita-
tive analysis of the fluxgate magnetometer used as the sensor. The authors
have initiated this work by developing an equivalent circuit that models the
characteristics of the flux sensor. Using this model, they determined the spe-
cific characteristics required for the sensor application. The article reports
on this model, an integrated sensor module designed on the basis of the
model, and an application of the module in an automobile compass.

Mitsubishi Denki Giho: Vol. G1, Na. 8, pp. 53 ~ 58 (1987)

An Automatic-Tuning Car Radio Based on the Radio Data
System

by Ken’ichi Taura & Ryo Tomohira

The radio data system (RDS) specified by the European Broadcasting Union
provides a standard for multiplex transmission of supplemental information
in conjunction with FM audio broadcasts. RDS enables a variety of tuning
functions that are especially useful in car radio. The authors report on the
development and testing of a prototype car radio with RDS receiving func-
tions. The radio incorporates a one-chip RDS decoder IC, a compact alpha-
numeric-display module, and other specially developed components in a
single front-end structure that enables the radio’s capabilities to be greatly
augmented while retaining the same compact dimensions as conventional
car radios.

Mitsubishi Denki Gihe: Vol. 61, No. 8, pp. 87 ~ 82 (1987)
An Automotive R-DAT Player

by Hiroaki Kato, Yasuyuki Nakanishi, Kunihike Nakagawa, Masayuki Ishida
& Yoshijike Utsui

The authors have developed a rotary-head-type digital audio tape (R-DAT)
player that complies with technical specifications of the DAT Conference.
Using subcodes, this R-DAT displays the program number and the program
time. It also has a high-speed search function that advances the tape at 200
times the normal playback speed. As a result, the sound quality and ease of
operation far surpass those of conventional compact-cassette systems. The
article reports on the configuration of the new R-DAT player, its signal pro-
cessing, and the deck construction.

Ritsubishi Denki Giho: Vol. 61, No. 8, pp. 59 ~ 64 (1967)
An Qil-Pressure-Control Solenoid Actuator for Automobiles

by Tomohiro Hamada, Tadayuki Hara & Takao Kojima

Electronics are rapidly taking over a wide variety of automotive control
functions. In this report, the authors examine an application of electronics to
oil-pressure control. A solenoid actuator for oil-pressure control and its asso-
ciated communication electronics has been developed for use in automatic
transmissions and power-steering units. The structure, performance, and
reliability of the actuator and its commnnication system are discnssed.

Mitsubishi Denki Giho: Vol. 61, No. 8, pp. 65~ 70 (1987)
An Electronic Control System for Gasoline Engines

by Takeo Sasaki, Yasuo Tada & Atsushi Ueda

An electronic control system for a mnltipoint fuel-injection system hasbeen
developed and commercially produced for use in vehicles manufactured by
Mitsubishi Motors. The' system’s sensors include a proprietary Karman
vortex-type airflow sensor and an optical crank-angle sensor. In addition to
fuel metering, the microcomputer-based system controls the spark timing
and engine idle speed and performs diagnostic functions.
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RS, 1E D ABHER AR D & & iIC Tl S — B s
ML, 350°C % CRIE—EDRNMER MR 5, ¥7z, 200C &
200°C TOHH 200 FHEL 72 & T B, 282 b HRE R IBAR

&R Ad o, UL, ThifnoBeiciz s ko
L ED LS 7 20°C CORIRPEDHRDOFREERD b A,
3.2 BER~RZ ML

1E Y AR (La, Ce, Th)POy & 1% 5 BdlC, b AEEED—H%*
#i# L7 (La, Ce, Tb) (PO, BO;s) & ktkd 20°C & 200°C
DIYE 2320 #R 7., B 8. KFRT, 2°%20 TERKBIL TR
(La, Ce, Tb)PO, ¢ (La, Ce, Th) (PO, BOy) 2hFh ©d 20°C
& 200°C ToOERE AV, LaL, ESHEKEEOXEED 253.7
nm CTORFERIEICEE 35 &, (La, Ce, THPO, 054 (B 7.)
2000C T 20°C D L E DI I2 KIE T LCnd CtHbnd, —
77, (La, Ce, Tb)(POy, BO;) (X 8.) -« 20°C & 200°C TR
TR TH 5, ThiRMOEEDEHE 2-2 1L H E 8. & [ U
ZRL, 253.7nm T OGHEME & 20°C & 200°C cRIEREL TP
5, 2 b, @5MEEBEEC ThiEkc X b 253.7nm ToOfjiE
BRIEAS 200°C THET LA\ & & AR - BERSRHE D 1 2R L T
b,

4. =& 2=

LEIDIEE T D -2 & & B iYeH (La, Ce, TH)PO, v io
PRINB U0 3 MidFELIH 140 WBHRL T3, 2% b, {EFE
ﬁiﬁ’a’iﬂz BOLENIRE Ce® TN X NT £ D 1303~ 23 Th¥ ~f5

EINTRERET 5, L TH, T & FLEYs Fitic 4 fiiic
DT, EOD YIS E LR S MR R BIL
T Y96 & FLEDL ZEITLL TS, Lksl, 3T tyos &
FLEDA B IWICA 5 T B b clkAal, WREOET ML
LTHHET O 4D THEEHE L T b, Cett & Thi* ¢ 550 nm
P D FREMCEWERI A B b, HESFIKIBER 0 3k Cel*
2 T BELABBL, DD 282 M 2P 5 Ll DR
TeEE (9. (a)) i T EHEER cORMEIIE (A
% (R9S.(b)) o —F, V35EILCHEIIL 284, 500 nm LI Fo
B KT b3 <, BIC 490 nm AT/ X 2 IRIT (@) 3,
543 nm 3 iC 7y X &’j’éj‘[.c‘: Bbhd -y (B) »8h2 (9.
(D)o TDZOD B~ DRI T OFRIE (K 2) &—%
F 5, Th¥* o 13— Hsfr %X 10. R4, 490 nm AR R
SDg—"Fe, 543 nm fHEDFIeE SDa—"F; OBEB IC KIS+ 5, T
BRIEETH D, K& xR0 ORI (@) &3 (8) & TFe—3Dy
KU SDy—"Fy oBEBREAl T3 EFEEINSE, 22T, &
I (@) OfiE 3 2 3E© Th* * EEERHET % 2 » 488 nm o 7,
JotAoL—Y OWNEME Lz 5, 135 EHCRIL 230 ik
543 (8), 585(y) KTF 620 nm () FHIE iIC T % 13+~ HERERE
OEBICHIE T 2R EME e (11 (), ¢ T5H, IE
DABEOREICRINLDOFERZTIEEA ERA LN AR - & (B
11. (b))s )

P LofER» b, 1T 5EEch VBko—F 5Bkt sz ick
D, Ce BV Th Offif g & A ¥ T_C +3{HiicT 52 & RTE,
Cet* Mib3 2 € L iC & 0 IENERBO RERORK F(* 488 nm
DRI £ 3 T ofkrBiilahd e THahE, #5%(B)

& 3Tk 140 ke LTk BOS A D, AP} +5{lic
PO# L% 3, @ 5 Ao HA L 7 30 X3EHT Aa— BIED A
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= FUSL TRIMOBEIC S (4o OffifcHif c& 5, M. V.
Hoffman {g Th 3 LaPQ, : Ce, Th % CePOy: Th o> Ce3* ¢ Thi+
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Ehkv, Ce it Ce¥ CHAET D, AdAb, C D 14y
PEIF 108 A, Cet* o gy R1F 09248 ©H b, Th'* o 14y
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IC, LSI @ y—FoL—4 HI#FEE LTR, HSEEBIEGRES S 5
w3 LS, BERRECH B C L d b Fe-Ni M EH T - 728,
BFRGOLEEE, DEYL, HWTRYEASELcohe, 1C o4k
B & b ICHGOREFE DAL TE kD, HEECEN,
SRS D SRR O M AAEMICH 220 H 3, B7EIC y-FoL—
6 HOFEE, TFe-42 % Ni &2 6 #% DT 545, SR
HORR & HMFEFL~DFT 5Bk ), SHBEIFHROTELE
BT c e BnFREN5, EERCHR LA E: LT
B, EEMEEHE SRR L, IR O SRS LI
Do & Y= FOTHEMEICEN 28057 1 -FoL—b M OBFEHR L K
BDHTn3B,

HHECDX SR A I T & B Y=FoL—b HEBIORRE %
o, MY, »o EFEEEcEn, EEOMREEY b D MF 202
fré (Cu-2Sn-02Ni &44) ZECRSELTW3, CoHETR,
COESLILDOEMGEDOBIHER BN L Ad b, RMELER v-F
IL~4 B OHEIMIC D TR 5 & & b T, SEEHOEREC
BAL T IC y—F RBIC I X hre, BARD - & DILHEIG & » - &
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ICD Rur—3 B ALE, Fuub BR~OWARERES TH 5
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Bz fur—o OLFIRML TETB, Tyo b FER~DEHH
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ErEREING,
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B Mt v—FEsFEs
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DIP INLINE el 2.54mm (100mil)
§-Dip | SHRINK P | «1778mm (70mih)
i
.
v 2.54
i : 2 < 2.54mm
i{ SKINNY| SKINNY / P | w5 1/2
P - RS
%
4
PIN
PGA | GRID @ C | »254mm(100mi)
ARRAY
QUAD
QIP  INLINE P ———
PACKAGE
SMALL
S0P | OUTLINE P - 1.27mm (50mil)
PACKAGLE « 25— F
S, * 1.0mm
QUAD > %, . .
" QFP | FLAT 3 P . 312?;?",
h‘i PACKAGE M C AT —
it
i LEADLESS *« 1.27mm {50mil)
3 LCC |cHrp @ C | +1.00mm(40mi)
z CARRIER * 0.75mm{30mil)
7 PLASTIC
LEADED - 1.27 (50mil)
PLCC | Cutp "n.,,,@i%ﬂ" r -J)fz:)rz(’;l‘m-” "
CARRIER D
JBEND 3 * 1.27 mm (50mil)
501 1 Sorc P cagmy—v
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(8) dqiuf, oqPhol & D Feudy THRICEY B MEH:
(9) 2atAzr—vuz

B8 LS oMb IC A - 2 BE TR, Sz, e
YICENRER I-Fou-6 HEOMRN—EEEIL 2,
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Iy =
50}
8 = o o, o o
T3 & @ 5 &
a0}
F—po- aad - ot ——
& MOS LSI
3 30 4
3 L
S BIPY = 7
i 4 23
B &
£ 20 S
- BIPO S & Q
4
MOSD & &
4
10r MOS 4 € 1)
i
“ 1 1 S, I, i3
30 40 50 60 70

313 (kgf/mm?)
2. IC y~Fou—s M O—MIFRKIE

R 2. A U-Fou~s MO & 3B

mﬁ\ﬁ MF202| §¥, o | CDA 194| CDA 195 | CDA 725 | By s
Sn | 20 0.15 0.6 2.3
Ni | 02 : 9.0 42
itz | Fe 2.3 1.5
Wt | co 0.8 23
Zn 0.12
Cu % 14 % 27 7%
Gl & (kgf/mm?)] 54 42 45 49 59 65
ide )it B B C B B A
DR Uil mE
(z(ﬁgsf{ntﬁs}}?ﬁt;q;) 7.4 4.5 5.0 4.5 5.6 8.4
B 2 B B B B B A
g;’ FETEIE ) g B B B A A
g&?&#ﬂﬂﬂz, b o) A A A A A A
Wus (WE4m)  (°C) | 1,065 | 1,080 1,090 1,090 1,125 1,460
it i 8.88 8.9 8.78 8.9 8.9 8.25
S (F2(10-6/°C)| 17,0 17.7 16.3 16.9 16.6 7.0
f’lj:’ni miscy | O 0.86 0.63 0.47 0.1 0.036
xR (% IACS) 30 90 65 50 H 3
i (%) n 4 5 3 7 >15
AL (°C) 400 375 400 425 500 650

% Tlt, MOS(Metal Oxide Semiconductor) IC i€ (t 3:ic B
DIE\» Fe-42 9% Ni 443, BIP(Bipolar) IC ic (33 ESROE WM
BB LIT & e AEOEHERIL, 02 b DIER, S1RuF
Morm b X b, MOS IC @43 15cd Fe-42 % Ni S biAS
MR OBARERAKL 205 5, BIC fuy— OEMPEWEHX, &€
v AE~DOB D 2 b i X DEIEAEL &, FhciEis T Tl
ORI~ L, BROSZERE, TAbbERED D DMRBEL &5,
R 2.3 MF202 &3] Y~ oL—n M OB[HERRX & i
X DL OESF T RT . ORI CRTEER S L BERR T
AEET2ECH Y, FHER, ENER, PRERCHEE R,
W75 % FRFIC 2 3 2 BB LN Tk v, 24 TREgE L 22 MF
202 i, EEOHER LML Aoz XML A RcEL, IC
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— 264

951 MF202~EH\~i

CDA194
" 9o}
@ O% ——CDA195
S
& —~— MF202
@ A725 —
5 CobA7 T—MF202~1/2H

85} —~— CDA194

st 0.25(1) X 10(w)
fF A& 15kg

O [FEAME FIFOET
o EEAEEEADMIT

EH : Extra Hard

1/2H : 1/2Hard

(4 1 ] 1 L L L L
7100 120 140 160 180 200 220
Ky h— RS (Hv)

B 3. 90, VREBMIC LD 2T)udied

A=z I OZEBICON TR U-Fou—6 HEHC B TR E &tk
Ry HDH0o0oHh 2,

L L, EED SOP, QFP, PLCC &\ i fui—3 D B 4L
DAL Y-8 O Ey WF, WEINIAD, TORDC—EE
WIBERTER I NG, BB LSIF L L<id, EESRN 80 % IAC
SE Ll bC, S 60 kef/mm? BLED Y, L bEMEOH R
FREN D, L7t ->T, FRMEHC B CHIASEO BN 7 R
HERERL, ChICWRALCL T Y EWIREERR 5 h PR
e AL, CNICETHEER, Sk ToEBaEItEL b,
FRMOJEEE UTHXE 7Lzoos L XDLOERELE D o508 M
BEZLND,

S 215 ©k QFP, PLCC @ X 5 K JUHE I U—F #HHL
% Ror—s ik, LECOEFM:, MEOEACHEESM L % OEMA
HHDRGRR O RGN DI 2 Y, T R OREE
nNo, 3. 3 VERE:2 M T, 90°HMFNT2frok e DK
WHEERO L L), B I-FL-6HMICDNT 2TY0F 8w
o DFGHEETE L AMERERT, H3 »OoEEHAKEREF
FOMTAER, BIEHEL D ONRIFER R & 2HEKEKL,
MF 202 0854k D Eihic ik 1/2 H(125~165 Hv), H(150~185
Hv) (Hv: twh—2 27c &) HIBENBELTRD eEL D,

BlLED X 51 Y=Fou—a P OXEERE & U CEER, BERER
LB BN, EMEEOEAE, V-8 NEEK LR T3 oK
Y= B o & OHRFEL FER R RO T 5 C e BEBETH 5,

11: TACS: International Annealed Copper Standard
9% TACS=1.7241x100,/p p: & OEAIEH

3. IC Y—FERsH - & DEMmME

3.1 U—FEBoH-%

ICHRED Fyut HEA~DREFRBRGCT DI, V-F I
PMEXETTO - EXRiE 3, BTHEEOENCHZ 2 EiE:
{REET % ke, IC @ FER 07 » O MAKBLEWER OREIC X 2
N EHORE LA L 5T, Do & LMD Y-Fop—s BLED
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EEHRHEL R LAEEN D, Fe-42 9 Ni 4 THIEM &
o %D Sn OIWFEEHUERTH EOICH LT, WELOHER
D Cu bbb &0 Sn L OFEREL, COEFELZC X T
o EBEEE L RAENFECHBARETRET, TNX5AT
Lk IC DEEHEDO DI, RAXNRT T EREENsE
B Y- FoL—6 HICDnT, NBCHES » - & EREEDRRZEE Lk
WEREEMAL T IC fur—o ORGIOIERER & 72088 DH D,

IC DHISTTRICBWT, Y—F HED® 5 ¥1E IC 507 B -1 F

XINFABichich b, Sn Xk Sn-10 9 Pb, Sn-40 9% Pb ¥R

HED - EBELLTHWON L, BILILD D) » RV EE
WHb2YRETIHNRDL, THwoEe LT CuXiE Niws &
et L RBFELE bR TWS,

RICHBRD Y=FoL—4 B D0 o F FEHEW I 5 & GO
T X RFRFEbC DWW ORECR, R 2. WRTHRASEE (26
mm x 200 mm x 0.25t mm) I HHE X 8pm DT FIZFIZAXDOE
Ko ERML, MU #HEEBHEHC 25 pm HD Cu X% 0.8
pm EONIOTFH®D - ¥% LADb, Sn-109% Pb i o 2 2 il %o
Thb DB 5 & FEF 150°C O AR B VIl BBk fr =, B
HEORRZEEZEHMIL, Ficd o 58 % 80, 115, 150°C D4R
ETIEL L T » & &3 & O SRMFHL O N RiE%E SEM*-EPM
Ak (PTHSRER & EAETHME) C X H BB L,

# SEM : Scanning Electron Microscope
## EPMA. : Electron Probe Microanalyser

3.2 o & BEMD T

g 3. 13 150°C -CR B RIS O V iV B8 (i F 4% ==0.2mm)
X200 & EDMOBELFN, £HD - FHgeOmsH
AL 2450 TH 5, METTXRRBALY - EZEL HAE,
32 L Cu, Sn s oAb MF 202, Cu-0.1 9 Sn {3 1,000 [
FASBLTh D » EDHMREE b N - 225, CDA194 13 500
IEFEIS I 1,000 Befil-¢, CDA 725 (3 50 FFfEISLIE 100 IR -C 4HEAs

& 3. 150°C e VI REIC X 50 - X DRk (R=0.2)

T # oworeomo(h)
L B
® ¥ B ok * B 2(])0 4(])0 6?0 8?0 IOIOO

Cu-0.18n

MF 202

Sn L

CDA 194

CDA.725 |-

Cu-0.18n

MF 202

L
CDA 194

CDA 725 |—

Cu-0.18n |—

MF 202 —
Sn-102% Pb Cu

CDA 194 |—

CDA725 |—

Cu-0.1Sn

MF 202

Ni
CDA 194

CDA725

Cu-0.18n

MF 202

Sn-40 % Pbh AL

CDA 194

CDA725 [—

KL IC Y oL—s FHE « o « HITH « ALRET « hES

Rotic, CD X5 KM OWRE4Lic Fe X34 @ Ni &b
DL, MBI X 30 - EEEEOHEDBE R LS FERAB L,

FEEWEO BN LD, BAXD-EOTHELT Cuv %%
L 73BT, T DM G ClED TRRRHIT ® » & O Rk
R, BLAESEOHLEEDIRER LA o0, TRICHL
T NiFHibd - ¥ ZHL A& %Dk, 1,000FEEEEL T bk
MESTHMR RO W, SRS B LNk,

Plbd o & OHEEERC Uk R O HIMEHEPTIC D \v» TR~ 7R,
TN FTATOFRBICILEE & 3oH L ORECHMEE R L TH Y,
ZDOFEREWRL ICF 3 2Hic SEM-EPMA i€ X 3 - 2 [EDIH
%47 - 7eo
3.3 Yo xEOMBMICLBEL
3.3.1 &ERMLEMEDER

AR - F R L 2B O O REEE, SEM kX HhRZEL
AL RO—HIRE 4. IKRT, Do XEBRTRTIXERALD
ELHMFEL <1k Cu, Ni Tl - ¥ L OBRIZZ L ANIARETS
b, ScERE, TabbeRMEEHEOERE Rohin,
Thbb- 3BT LItk -, FMCRD X5 h4R
UL e T 5,

Sn~10%Pb Sn—10%Pb/Cu Sn-10%Pb/Ni

10um

4. %o EFHBOM SEM B GE)

(1) HETTXIZEAZED - &R

B 5. i FHibd-EA LD Sn-10 % Pb o & % i L 2 £HES
i 150°C, 1,000 W0 MBI 2 T\, Bico W< SEMBZEL
TFERTH D, COFEETRD LORAED - ¥FR AR TR WA,
R I3 AA4 & DIBISIC X b, @REEADERERL Tn
5, MF202 @ X 5, 2tic Cu, Sn 54y b 58401 150°C 0
INEC X o THERT B IRIGHIRZE & 2 Y, M lic e #8(Cuy
Sn), FEM® - T Ric 718 (CueSns) DEBEUELEWAIER T 5o
F 7z, 115°C v} &+m, 80°C Tl nD—@L Y, SREEEEY
DHEFGERZ n H—E2 b, RE, REAHNTCE s T etn O
Bz T s, "

CDA194 ¢y MF 202 »[EREIC 7 i €+ & AR5 25, R 5. 0O
Fe pEEX#@cHo N b X 5K, TOE4E L OfFKER
O Fe K BEHBERERLTED, IHRBERcHLPZ X
5k, CORMNECEANELL AbId, cDX5 AFHRE, ©
5> &D Sn MG EWT, &40 Cu  Sn Hi~Dik#E
HE2 Fe o Sn it~ JIEHGREEIC TR & w7 i Fep SR IC
Fe ZEh e h T, Fe oEHERER L EBRELDOND, %
7o, REMHEICEIL 2 U FE 2wtk CDA194 KA B b
hozehb, FeFBHEOERLMLAOBROD 52 2 2B3E L
bhd, COXHK, FIESIK Fe 2B c LiCX o TEHLDOR
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MRELELLC, chriR 3 chHlbhic ks cEE
HDELEEDARE &L 2

Ni 22 &1 CDAT25 &4cowix, E 5 o
WRBEECRIEHEE—Bic B 4 2 25, NijgkX g
TERIEEM S TSGR LY DL NiBER ML A F&

DHAFERED Y, FhRCOBHIIERBEZEBrbA 5,

NiE BB Bl e d SR H 525, EPM

A R ORERD b T BOULETE IS RITR 25 9%
Ni &#&¢ v # {(Cu, Ni)eSn;} & EZEM TN 2&%F
v (CugSng) &2 %, 2Dk3ic, NiZl &L
CDA 725 4T, BAKY T & OEBFINCET

5 Niog ﬁ%’%ij\é’« {, Sn L DEEHIC BT, %
HIC Ni OHGEUREA Cu ICH_T/hE v, =0
IS AHIRS R U b D &L B, FEEUE S Ni

FRUC L > T—BEIR)IEL T, o & mSi
DHLERETIC LR ELLNL, Ak, 80, 115°C
1,000 i % coME-cr n HE O 2T, o HOLERKR
BN id o 7og

Bl kX Sn~10 96 Pb i o FIC DWW TR 22, $FX
(% Sn-40 9% Pb 3 5 2 THEICEVE RO NE D - 7,
CDCLE, »o&D Sn LIEHEGEITHE L DB
PREETH DT & ERL TS,

(2) Cu'F #i#% Sn-10 % Pb w5 504}

6. BHEFELC CuwsEF R ML, 20 ki Sn-
10 % Ph R » - & % i L 7 $ 1 150°C, 1,000 KRN
Buc X b ik L R O KRR R EE T H 5, 150
°C - Cu~0.1 Sn, MF 202, CDA 194 i t:i+ % & B
LM BB A Y - % L 2B S & FERIC &4
DTFE R D, Cu THIYD - 2 ATEEL Td AW
Cu & Sn X DYHIEIETH b, EHEZAKD - E R
Licitlt e FIUESRIC A 5, 7L, CDA194 vk Cu
THD o ERFET B0, FHMFHE D Fe Bi5E

ERREEEAE Y - ERF L Y B, FeEBfHELE
DO IHIAIREED b s,

CDA 725 ¢i%, THi® > D
Cu LA ® o> %@ Sn kol

PN MF202

CDA1%4 CDA725

g

Fe
i3
Ni

Xigi&

10um

& 5. Sn-10 9% Pb & - & #5404k EWIH SEM 52
(150°C, 1,000 EFREIINED)

2o

& MF202

CDA1%94 CDA725

kG

Fe
XiF
Ni
Xigi%

® 6. Sn-109

10m
| SO A

§ Pb,/Cu o - * &40 IHENTE SEM BH

(150°C, 1,000 R fETIMEL)

BSURHPETT % 2w i, 150°C

508k

1,00085 7

DML L » TEF &40 D[F &

MF202

CDA725

MF202 CDA725

DERT 5, ic Cu THID - %
2, TRTHEREBEULSIC RN &
N B bt & D 7 i 28 58

R 6. o MAIRICRT X 51 74
D H kb, 1,000 KR E Com

A%

BT 9 M~ 0 Ni DB H S
BV, L oT, CuThH»
> ¥Rt T LiC X » THMES
Hr o> Ni D358 Ml 2 45
Bobhs,

L # L, MF202 » CDA 194

Ni
Xid&

DERILCDOWTHS L, HEZTA
Koo &®LAERMEHELY,
MBS el DRElicEL D22
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R b, i CDAT25 Tl € HiD dpk L 7 BIRFE R -C2EFLA
g E N, chik Cu FTHD 5 ¥ P OKFL RN X 5
THF T T 5 7chs, B L B & HOREME - 20 ic
h=TodLih FE BEERL 2T ERELLNDEN, TDX5KC
IO T L, TTD Cu THw - & BEOFE GO L L%
BoifHleEzhsd,

(3) NiF M Sn-10 94 Pb » - & 38t

Ni Fih Sn~10 %Pb % - & ABHIFIO 22D 0 - B L A b,
W o &GOSR bR M 2 2, B 7. 13 Ni T 4% Sn-10
9% Pb w o & &L 7 MF 202 ¢ CDA 725 % 150°C T, 50, 1,000
R OM#AETT o e fiRTH 5, CDAIM KON THZDERH
FigTH Y, TTOE4cE S S0RHE Tl THY > 0 Ni
RARD - EHICEE L <, NigSny D{EEYALERL T T
2 EPMA X 230 0Mb A Y, EHEED Co OIREI
BOLNAR ok,

Hic, 150°C, 1,000 Bsflonza#fTs &, T TORE CILEE
DX F—Ee T, L ORMEEekEREL, SHAEED Y
AT Chb DIHEIC REROSBRMESHANRE Y, XErEHT
X b L &S 8ci {(Cu, Ni)eSns}, (Cu, Ni);Sns, NizSny @
SHEO GBI EYREENE T LAPLA K & » 25, CDA
725 ¢k {(Cu, Ni)(Sns} DI E-0 X5, COEEWRIE -
borBEbhd, coksic, Ni FTHi» & 2lidc ic k-1,
BIBO G REMEA A R LTI RIS BRE R L, Tt
HBIC B 2 AMETRICH S 3 T UMARFH %
LT, HighhitGeshcc A&z oD,

Bl b, #3#»o&%lili J-Fou—6fAd%, 80,
115, 150°C oML 2 T\, Chick o THERL
e GBEUEE % X L YV RDORK 4 TH B,
3.3.2 #MBoRE

¥ v SEM-EPMA, X g k 2 BZEs
HofRd b, TFXRBARED > E2HL 2 HE
SOIMBNC X > TR T 5 SREILEH ORI,
INBGERE, TS L B XX TH» s F itk 5
TREDC EBPLDIC AR 572, BHY - ZRA
W BT D EBEICSWE, ThbbitiEOR
DI, BRHICH 22T iRR " 8. ©
b, 7L, NiTHIEE Sn-109% Pb » - & %l
L&, 150°C oREREMchAasEitc
56T % e ic NigSny O ¥ 2 el 2 x
DEALE EHLL 2o

K8 »blboh ks, TXTDOH,xHE
CINEREI A 2 BB Y, EAEOR#IoNn
THHETEDIE X ZHL T %, IS L DOULEIEMK
BREETHEECOWTH S, 4053y
T Cu-0.1 95 Sn, MF 202, CDA 194 Sic K E
WEOBFEMBEIR b A WA, EHETFIR
ATED - ERIEL 7z MF 202 @ 150°C o & O E
BTt LTEY, WED Nigone
HOREEZ A DRRED Y, sy - & H ik

>

EREDEE (pm)

e

> 1H

L -yt P ORE» bR T, Ebbir—K
DMU~DFE-FOBRBBERID, CORERLLTIIEL OHT
ol LCHICBILNTES,

FEIEIEI IC Y= KU~ FE - JLHL - (T « ALRE - ks

FrEa

LXniERE2 b b LB LbN3, FLw-% %2Hil %z CDA
725 @ 80, 115°C wjx, WEMFEI MF202 A 83 A LEELA
R, 150°C 4 % LIRBOREEE * ML Tx b, EHRGE
PICEL O NI R LT LICX 5T, FlETOMEIC X o T
[BREMMEEEN D, B o & OEWIC X D ILBERERBIC DT,
BHETF3UT I A 7% 0 o5 F BT Sn-10 % Pb>Sn-40 % Pbz

] A4 ONBIC L o TGS L » - & ORMICER 3 5 &R[H

feEw
i B ML E Y
wor [Ty :
BoZ 80°C 115°C 150°C
Cu-0.Y8n | /9/S | /9/S=>/0/¢/S | /n/S>/n/¢/S
Sn
MF 202 /n/S /1/S /n/S>/1/e/S
X EL
Sn-10% Pb CDA94 | /9/S /0/S /n/S>/n/elS
Sn-40 % Pb
CDA725 | /0/S /S /n/S>/9/vES
Cu-0.1Sn | /9/S | /9/S—>/n/€/S | /n/S—>/7/€/S
MF 202 /n/S /1/S /n/S—>/n/€/S
Sn-102% Pb | Cu
CDA 194 | /7/S /n/S /n/S=>/1/elS
CDA 725 /1/8 /n/S /n/S~>/n/e/S~>/3/S
Cu-0.1 Sn
MF 202 7’
~10 ¢ ; 7
Sn-102 Pb | Ni | oL |1/8/8 /8/S /S/S»/g /s
CDA 725
% 7 :CusSns, 7”: (Cu, Ni)sSns, &:CusSn, 1v”: (Ni, Cu)3Sna
§: NisSns, S:#MXETIMD - ¥ % KL kM
I : Fe ik, §: Ni@#HE
Cu—0.18n MF202 CDA194 coarzs | EH T
10 =
—o—: 150°C /0 ‘ /5 N
8] ——:115°C P i iy
6| ——: 80C A ~A 13
1%
4 e Cu,Sn y , ] 7 sn
7 CugSng O}/ ]/° y ”/xec/
2 . T e ?
o 7 (Cu, Ni)¢Sng ¢:X_’LA @,LAZ/,&’Q’
/ / / W
8+ p & R 9 é/
— 0,
. 8_5)(:/3/ e ;5 R )5 o | 2] sn—10%Pb
2 i ni//o J <] > /050 / - 7]
1 N > ] |2 [~ WSEey
0 iy > ,53(‘8: 7 g/’*ﬁ’a— Z—K
17 / AL L
A K ENS
A x>/ © i
6 x${ ©
- A S8 Sn—609;Pb
4 — [
2 PR 2 7/’ = £
S— = gt s £ p—
b Y
(BB e e
/ 7 /)
8 o S rol
5“;/ fb 3 i
f la Lo f A “/; ‘q/ o Sn-—éO%Pb
2 S Ll - N 7 | o C e YA—-—Z“’F
0 i) 3 W] - /VJ
8
Niy Sn, Niz Sn, Nis Sn, Nig Sn,
6 Sn—10%Pb
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a
JPL 4 4 o
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£ 5. £ o FEASCERT DIEIEO BT 0L 13- Qlkeal/mol) & IEFHIH A(cm?/s) @ ®

o Sn Sn-10% Pb Sn-60 % Pb
e # BAD - ¥ HRYD - % BLAD - & EaAD - ¥ BHD - &
»oX
z Q A Q A Q A Q A Q A
Cu-0.1S5n
MF 202 . L 19.7 4% 103 248 0.63 25.4 23.4 18.8 2% 10-3 28 0.14
CDA 194 *
CDA725 28.2 7% 102 38.0 4% 107 31.2 9% 104 32.6 6% 105 34.8 2% 107
Cu-0.1S8n
MF 202 c 4 .
CDA 194 “ - - - - 28 23 - - -
CDA725
Cu-0.1Sn
MEF 202 Ni 25.0 2.60
CDA 194 ! - - - '(N, N : - - -
1
CDA 725 o

W etp k-l kT

Sn k7 b, SnjBEF L IKHIERUE R & OBIRCIXAREA BRI R
b \n,

Cu TFHi Sn-10 % Pb  » & Tk, CDA 725 @ 150°C, 100 BRs]
P LERATy & e4n OIBBERERE ik, Hi% Sn-10% Pb »
SERBlEBEALYFILTH D, SHOKENKRE L, Rk FEm
HED R4 OMFT—H &L 5, NI TH Sn-10 % Pb w5 & T
X, THIO Ni % o & BS54 @ Co O IEOBERE L % - THE
A Ehns,

K 8. »oinEBOE X X, IR0 & 13 S EiRr 2B
BB oh, W=kvT %2, &k, WRKLEEOEX, ki
WHUBRRIRE, ¢ RIEEEERTH B,

RAKD > E I BT 3 EBELEHMEOEI LDV,
&L nOFICHT 2 & ODHA—F L w5 BRI EE XN TE I ®,
CDTlhb Etne—BE B AL, 7Lo02 BIRE B=Aexp
(-Q/RT) OBFZ %KD T3, FxrdchicE,T 150°C O
g —=fgr 2ALT, B4 hOLKREOHEK, W=/t OC
SHLE #3RY, REOWHICH L TR OBEKHNE Jovt T8 &
RS E LN, FL92 OBHRE MR LAW®,

#D o ERMO L OBEMD T 5 T L UHBERRE OWE(E 1au¥
- QT TTh, LEEREBOBER—EEIAAELTVwEC &k
ORI OWEMAL 130~ 4R 2) 23k, HBiioX, P=A
exp(—Q/RT) »biREPUE A OfizRkDT, Q¥ ADE%2—
B LDORKRS. THb, XL, Ni FHiwo zxRB-crrpmy
@ NizSn; DFKED Q & ADfETH 5, BB=Aexp(—Q/RT) @
KIS EE, o 2D QL ADERINALT, MEAORE, K

26(618)

MR ERE W=kt 7 b & 0> & BEOHHBEOFE S OH%Z
2185 LANTE D,

4 ¥ v

IC OEMAERE~DER I, V- FoL—s SO, HEWE
BB O —B O EAREEN B R HT, Mpto MF 202 54143
W, B T, RBECEN, BEOBEEME D OL & bICE
PR o EOMBBOFEFECIENRTWE L L ERM LA, TD
B&lE foua DENAFEEER DT b, EESFR I-FoL-
0w E R Y, 1C, LSI ~OEFAMMAAIERT S b O & ik
N3, Blic MOS IC o4 05-C % 243 3 B EDEN 205 &~
OERPML T D, ZOE, BWEE, PMERULICHEA Y~FoL—s #
OWMALR D, #FG4Td Fe-42 9 Ni 4 TLiid 2 EmEEH
BBREL END, 2D X5 %A IC fur— OFfEIFN- L, MF202
EEOMBISEO —EOH L2 M5 & & dic, ME, SmEEEe
CEN 2T LRSS 2ER L T, R BRI LoE
IGT 2T EHREHBOFETH D,

T E X B

(1) AREEH  EEFEEERIN Ao FJes (1986)

(2) AR HERERELLHW, 6, 24, 494 (1985)
(3) L.Revay: Surface Technology 5, 57 (1977)
(4) demiz2 : (REEEATTZE SRS, 23, 175 (1984)
(5) duEE2 : (SEESTTIEAEE, 25, 132 (1986)

IR « Vol. 61 « No. 8+ 1987



ARy 7)) 7 %4

B

=

BB HARERT
%@gzgl\* E*Tj- j-':***
D Il

1. £ A 2% &

ZIEBMRATH EOKBEN AL 2 EER X ¥ 5 FRENZEE A
ek, TRYBEEY L AR KR A L RAKOM R
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wiVd ek, EOBRMP L, I PESK 14 & v o 2B
PERE & BRRERIT & v o BB . DIt —FE LAL B ETH B ¢
ERBEREIND, COTODOMWERE, BERMMAEEZRIL XS T
NIEEEERESEL L A D L S X S KAEVWIRMDMRER RT, % C
T, WHEOTEEAYRD ZBHERD Y, JENTHE, Lnd, D
TSRS & HERE R ATHI R O 2T 2 2 O TH 2 20,
FU 2 wTY0d KRB BEE, WAERESREh, wEEKCE
EELE T, 20wTid OWEEIC X Y B L Afle LT
I% Seasat ff BT L B W,

B 1. ATfik ok

2w ud WIESIEET & BHEEHO 2R S 5. AiHT
X SINLEHITE720, BR AABENIDR AT EREREND,
HBEOEE, BINERELR T ERTETH Y, %O kDL
FEDPESTEBRERD L, LR oT, BES /14 & K
ORI R T A L 2 20wF U BRHENE, L FBEE-CHlY
DR E LA LT TH 5,

Fexld, COX5AFHH 2UwTYLS OEFELE BEIC 207y
VI MOTREE LD T E e, £ ORERE, KBRS LAER (~500
Alem?) I E TH e - THEE /12 L EIEEIII/NE <, HiclEeE
BEC BN 2 H I 29 0TV # (Ag-MoS,-NbSe, F#i&#) %M
FEL7e, TTTH, 2UwTud HORE, BHEHRERC Wl

35,

2. PRARY T SIERIND M
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FHH 2T 0g &, BNERECERLESESCHE 2
CEELZThELZDRV, 20k, 2VwIUod KIERCYTO
4 ARTREN B,

(1) IRERER : BRIRIBRE DT 53,

(2) (KB : R RHERET 20 % 7, EHRPEIDBROEE
LRLOBEBEH (LS OREAR EOFRRILA S ED,
B RIER I hh v L HHEE L,

(3) IEEMHEET « BIHBRRRE LR 2K T 2,

(4) EBK 14 BRES~ONALZ I E T 5,

Bic, FHA 20wFYod T, b OEER BEEER I BN
T TBEED L, T, ChbORHEDS B, HMEHLES
A DOBSFER B T3 & » ik Yo Rilitk 2 BicHi+ e,
BERR, FEREOIIBIEARTELT 5 20, T TORRRER FIRHCHi
TCLRESHTRE, Fxid, b <TOEREHET S 2
Yoo BFAFEL %,

3. FHAXRY v TY Yy IHORIE

29wTUd &, HEET S Vg i F5u REREL 2 2 EHWL DTS
MBI R > T b, AIEHOERERERES v, Iy QY
wilod $) OBEIFICEBET D b, BOROO Tl Ag ()
Mo8, (@it €9 35) @EH, Cu () * Gr (F52-10) &l
INL 72 Ag-MoS; FEA J5v # & HUF Uod M (SR © Ag
-10wt 9% Cu) RECHWbhTwE, HELROEETEZMERE
ZWERL, FZerh-cRIFAREE, BEFERE% b D BURREAIcl
O 2R 0TH D, Tx ik, EKEEHRE LT MoS; LISt
iIc NbSey (tLodb=#73) ZHLH_1F, @Ag-MoS; 3§, @Ag-NbSe,
F#, @Ag-MoS,-NbSe; 0 3 FIHOMRES Joo HERIEL,
Vod B EERR 1ud B 2o

MoS, XD X b h Ty 2 EkiEREc, Hehc
15T BT 7 BERE, EFERMER b o Tw 3, NbSe, 11 MoS; & [Allk%A
BIREEZ LT Y, L EAEIR MoS, @ 1/100 & 1F i »
AT EHEERCH B &b, BIFHED R Rttt a0
i, & 1. KBREA J5v HOEEPEE O REE 7T,

PRHEE v MOKBIIZ, EEECIREDS Jsv i85 %
DIEL BARLHERET 5 tw b iEd v, £, mwbiLa ik
B OB R RS 1L T2 20 EZhcfi ok, 2. KBS
R, BVERELFIHCIR - T 2 &, ¥ TR ATE
B (FORLEET 2. RiIK, TORAFEN #RERD v
2 2D T hwtILa FEHOFNICETALT S, TDOHRFNE 1073
Pa B R L BTIERE T ©IN# T 5, R 800~950°C & L 7z,

£ L. QFREE Isu M & T offE
(1) Ag-(5~50)wt % MoS:

75 ok (2) Ag-(5~50)wt 2% NbSe:
(3) Ag-(2.5~25)wt 2§ M0S2~(2.5~25) wt 2 NbSes

Ag MoS: NbSe:a

o (&9 99.9 99.0 99.9

[ wJE {pLm) 5~6 1.35 1~3
woOEw (g/cm3) 10.5 4.8 6.25
HATIESLD  (Qecm) 1.6% 10-¢ 851 5.35% 1074

B [&(®)] 960 1,800< J—

®| 2. JURES Jov MoORTBE&M

#+ v b 7 v P
IE h 30~ 35MPa
il iy 800~950 °C
I % 54 ] 30~ 90 4y
& U Ed (& 10-3Paty

* R GROFRTIEDT Y FSRAREDT Y SZeS i BN PE
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(a) Ag-15wt % MoS,

Z DT 442 ORI EIIC 30~35 MPa OIEN %L THEE L 720
PREFIRERIE 60~90 p T b, DT L, BWALTRECER
Tl L AUt 2 B 0 R L 720

FVEL 2 RES J5u MOWEHIZ 95% 2184 T ) SHER R
HCH 5, B 2. ik 3 FHO SEREES J50 M@fﬂi@z DR
EBART . FIBA oryon ORTH Y, B KEOEHR MoS,,
NbSe; TH %5, Ag-MoS, 3 J5u #Cld MoS; DEHEII 10 pm
BECTHH, HHRELRIF TH 5, Ag-NbSey 5 Jsz Tt
NbSe, D g2 HZ < A b, HERESHEL S Av, —F,
Ag-MoSy-NbSey & J53 #1 ik, NbSex DEHEHARLNE H D
D, SERICIRF 2R R  EAEER oSS BRIFTH 5,

4 MEERERER

2T B (HEREE Jou M) ORHfigENE, o FHIRTE
B e 20T 000870 BT » oo 27, BUERBEEE FW IR
REERIIEL, Jsu HoORMVESMC BEARHERIOEE, RIlE
DAL, HICARHEIC BIE SRS RO ARG EO RS L 5T
lil7ze T b OIERICIETE, 2VwTd MO EEL
7o RIT, ZDFEL FABFFHE OB BRED €71 fTfT
vy, 2UwIlod MEPEL 72o
B 3. i toTsy #)/HHE (vod #1) RIEREEE Al o il
ERBOPME %R, EREEET 20K, EA Jsu #4 1HE
ZIERIINEE U 7 R0E CHE PR mﬁ_ﬂjbfﬁom DN Bz
EHhb Ao-X & 7=4 ZNLTHED VBT, BRI ERMER
I TfT o 7eo MMEIXTEHA Vod M b J53 H‘ CHEns s
B e Lo BEREBAROY, 02 5 2HWTHIEL,
TESHEHT & BEiEH I B VB R oA TR T 2 bR L TIEE J5
Yy MEE LD THEL o I MO HEEFER (RAIBEEIRE D3
[T 27 b OEEFERRY) ERBRTROERZEN, b RO I M
HEfE4mm, & 10mm D ty €L THY, Yo7 Hdls
50 mm, EX 1mm QMRKICMLL T, &¥, COHBRO Y
o0 MiC B 2 - 72,
3. KHRBENERT, Lo 5 (FE) BB 75 mm CifHE
Z 2N Thz, JsuHEAIPCEWTHERCH Y HIL 2T
S ThbHni, EiE 109Pa BOEEHRIC VT, % UAHEER

R 3. o/ PHEREENC X 2 BN

28(620)

(b) Ag-15wt 2%

100um
—

NbSe, (c¢) Ag-12.5wt % MoS,-2.5 wt 9§ NbSe,

J5u MO MEBER

% 14,000 [BlfT - 7z © BB EBAML, #4845 55,000 BB L %,
ANTHERC i 5~104E0FHGRERE N D2, FEEHRD 29w7
Yo DEFEEIEIT 5 45-¢f0 26,000 Bl TH 5, % & CFMHER 1 A
IC 350 BEEREIEE 26,000[E] & Lz, %5, cnimﬁtfﬁ?&%@ 29
wIod T T0SEOFMICH AT 5, RBEMIIER 0.1 A » bR
B v 30 & A I IC L 1 A T 26,000 LEIF%%L o

4., Eo/ TIHERARE CRHIIL 2 8RE S Jou M OEER
JRIER & BRI A O 1 ABTERIC 31 A BRI O BR O —fl %R
T BREILOD 5 bHICEEL T 2 IO 2SR & L, £
W EER 14 & Lir, BEEREE EXIEITTEER L & b i ZdE
LTw3, MOSRES Iso M TH -2, Jsv#ick-
THRHERKE A o Tz, B 5. IC SEHOMFES Jou
DOEERFRE, BT, B o4, Jsu HOoRBEREER T

Ag-MoS; & Jsu #OEEEMRENT 0.05 LIF,  BEmEdig 8 ~10
mQ, FR A E 1mV LT, Js53 #o LEEFEEE 9 %1070 mm?)
mm-N LT & nFhd BIFTH 5, FHICEERRE L ES )14 270
XLENATW B,

Ag-NbSey & Jsu Moild, #HBAEHN 7~8mQ /X v oD
DD IEHERKREIFE L A, TAbL, BEREI1 2B
Z, WX /121 500mV, Jsu o LEEFH T 107 mm3/mm-N

BE LT 3, EHCHL TREROEEDAEE S h, Vs

£33 M B &£ #

®om @ ¢y MER = F o~ @
— EEMUEEE | AR

B om o W @ 75mmls

# i #b Y 2N wHEHRIN

- 7oW 1A o 1A T oW A

(8 Alem?) (4 Alem?) (83 Ajem?)
moE R R (1A ésgzi,[ggo B ¢ ATCOI'(;OS,OIEOO [E) | (20 Ai:lfi,[gg)o )
Fis [ gt B O 10%Pad
4. PEEEEE & BEERS, BEEH oBR

Ag-7.5 wt 9% MoS:-7.5 wt 95 NbSey I35, #1

(t"u/m#ﬁl@, BHOHELN, 1AM rﬁf)
Ag-10wt % Cu yo5 #f
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R 1A 2215 mV BUF,  BEEERDS 013 LT, Jso Mo LBkt
2t 7x107 mmi/mm-N DIF &t wiFhd Bif-Th 5, FHCHERHE
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Pl ldnto, Eu/ FREEENE CEHLL 7 3 D J53 B OIRH)
IR T A IIC a2 &, Ag-MoSy-NbSe, F K UF Ag-MoS,
F Jou MOMBERHEE TR CRIFTH Y, AT ITESEERE &
A, BRI &R 1A T3, CD2Ff
FOYFRHEE Jso HEFHH 2vwivud HoBmMECEEL,
2wV dETIL T ORMER I+ 5 C L Ik L7z,

LT AT, HERER Jou MofREERRE0S, 1, 2, 3, 5N
TEHL 2 & € 5, {HERHERHEORE2EL < %Y, WHLH
FTEAFHERTR LM LT 3 C LRI NAZOO, i R
PLLESR 12 OESHER W LT 5, P, Ag-NbSey i Jsu
HOME2NKCETZ 2L 8mQ KU 500mV ¢ - &2, i
FEEONKFTEEIMOEL 1mV 2L L e, HEMIHCETD &
B 14 1], Fsu e yod M oREBICHS TR SECH b,
WEEPHTE Jsv e Vo HOBMRER & b LI, »0%E
L7 dREBIC 7 o TS L 2 b 0 L EL b, Ak, Ag-
NbSep FH T Ag-MoS; 55 J53 MO HMMEEH %, WHE 2, 3, 5N
THAET 3 L HIFEO TN X b o 29, Wi L s b NbSeq 13l
WH OB R RRD B L EL N B,

TNET, B CHEZAWNLTE 22 250 Bclrfidht
WHEEAE TS C bbb, MARTRICE T 28ERHEO HBYc >
W B/ IR CREIL 2Dy Jsu # & Fsutnd DfElic
2 BREHALRBL 2 & ¢ b, ENTHEZENTS & &5
HEwFh bbbl &, FRCHEMEDT & BR 14 DR ET 10
~100 {53 Flk L, WhiE0sN o4 ks b 1FE 2N L i
BRSBTS o ko WRAWDEE I3 # e Vol HOBREN BIF
Ex b, B AR TR LI T A KGR AR & i 72
EEZLND, LoTC, RAWMETEFL IWEL Y DB HEHET

EOUBIER EMER BN/ X F5LHoRBHER
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BB R
) .- H o+ /N
== Y
Lt-1st|n| 3
e

X 6. auwIvudesl B X 2 A ERnG

S 200305 B - P« FEHS « I+ S0 - TR

b DA & FSGORERIIRECE 2,
5 EFHIC L BT ER

T OB, BURBCRE L 25T 29TV ud B ORI 2
HifH, T74b5 Ag-MoS;-NbSey RE U Ag-MoS; % J5u # DY
R 200 dETL BECRMIEL,  FEEH 2Yedod MR P
FTEDICERL 72, Vod MITITHIER & RO 2T B A0

2w BT BRIC X 2 IR BOMIE 2R 6. 1, HEER%
7. 87T, o EFL TR AMD yus FH-—EiIC 2HOR
B TE D, FEHITEEET 2 Jod MIClERCEEL & J3u H%
ER 2EF DA & CfT » 2o WRE MERCRESIL, #
b, WK 14, Jsv MO BEEROMETER ty, HRE O
RELFILCH D, nP, Ty MOl L L CEENEH
BHid oy Smm i & CHEME L ko Jou Mk 2mmx 6
mm X 3mm QEHFEICHITL CTH, Yo # & ORMEE % 12
mm® & L7z, Yo HEHEE 50 mm, I 10mm <& 3, FEHA 2
Vwdlod KIHEFEER EBHEEHO 2l 5 2 8, Tho
D IR B B L 2 MR D v TG B,

5.1 EERAY YTV IH

1B 29wy d RIEEFUEE T CHw b 325, © T CRER
1A, HAEE 4 Afom® LFHERE L. ¥k, BUEATRE
KIS E T » 3E5H 20570 OBRREERH 8 Alem? TH
o BEH 2YwT Yo H ORI O LM R 3. KR L %2, 18E)
PP FLEE 75 mm IR LN CH B, HE 1 A B B EEERIE
Bk 7,000 & U 7225, % 0ihoiEgt- Bkt TR
BOME E BEFILTH D,

Rl 8. ic 5L 8 CRHlEER 2T - 72 & & OFEREIH & BRI O
BIRO—Bl % AT S. kkiF 4l Jsu M Vud MickT 34
RO TR COEMITHE & FER 14 BOF F53 o LLEEFER & i
LR E AT,

4 Ajem? JETEFFIC 31 511 Jso M OEENGER, wIhb/hE

CRIFTH B, P, Ag-MoSy-NbSes 5 J53 #1444k L Bl
G238 2mQ DUF, S o424 25 1mV BUF, 353 B o LEEFERAS
7x1070 mm3mm-N LIF, #ELF251°C LUF &b CRIFTH
Do Und MELTRAMDIBENTND, XoT, E5H 2w
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20 L A, ¢ s S 1 g e S
% (0)YAgy > &4 (83) 8. PBERRIEIAY & WKL OBY
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¥ =L, EhiE 1N,
@ @ @, 4.83 Ajem? SHHEE
¢l R R B v Ag-12.5 wt 9§ MoSy-2.5
EEEmER wt 9 NbSes J53 #
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(x50 8%, EhmElN)

FUus # & LTk, Ag-MoSy-NbSey 57 F53, #f & #ight vosd HooMl
BENRBETH D e ELOND, Ak, Ts5u HOBBKNARIKE
LT, Ag-12.5wt % MoS;—2.5 wt9% NbSes 234 T\ 5D,
5.2 EBHRARV 7Y vo#

WA 2)w3Y0d RRBEFRBE T cllvwo 328, CCCREH
20 A, R 83 Afem® REHIEM & Lo BAE, ATLHEICHE
ENTHBEENH 2093w OBEMEEH 50 Alem? TH 3,
L7ed o, FHIliEN 83A/cm? ZHEOH L6 f5Th s, B
H 2w7yod M oRHEREE, BB 20wIYus M OFHIIC B E
% 7o R EEE, BEEL B A/m* I THIM Lok, ko

FRE) e B K R A EIEEH 2y wT U H OFHT
aﬁ% ERITTH B (F 3.),

B 8., 9. OIEMHEL & R 1A BT T3 # o HEEFEE & iR
ELAERD &, 83 A/am? FERICH T IEENSER 4 AJom?® i
BERHCHSN, WM dkE{A>Tw3, COFEE LTR, Bl
BT LI X o T Jsy e Yo MO BRMIEIC 1 D A
RELS DT EPREBOPE, BXWABOMMA LS ELLR
50, KEMREEREEEEIC RS TR L wEETd 5,

LA L, Ag-MoSy-NbSey 3 J5u M D &4EHER, W vosd Hick
UBHEHIA 10 mQ BT, WX /14 23 30mV LIF, Jsu Hokt
EEEEE S 9% 10710 mm3/mm-N BT, {5 L8 60°C T & wg
NYBIHFCTH L, Yo # e LTRMBOFTRIFE L, X o7,
BHA2YwIYLF e LTk, Ag-MoS;-NbSey & J53 B & #i 41
Yol HOMEEHRBHTHLLEE L LN 5, Ak, J53HDE
AR & L TIZA g-12.5 wt 3§ MoSy-2.5 wt 9§NbSe; 4345 41T
" 5(7)0

Bl kA, Ag-12.5 wt 9§ MoSy-2.5 wt 9§ NbSey J53, #4 & #igit v
o7 HOMEGER, BEHRXFENH 2UvwIvLd MOoMHIEL T
BHEENTH D,

5.3 XBHAXY v 7Yt

S8, ANIHERXI T TAFELETILEL LN, Thicl-

2wy @kﬁfﬁjméﬂfkéﬂihé L ATH b, £ T, 83
Afem® OREBEREE FCEALFEE® R LUEIR 2197005 Hic
B 7 Ag-125wt % h@&dﬁwbﬂ%&g%aﬂ@%ﬁﬁﬁ*
FE I BITED 10 EOuEEE 500 Afem® TFHMliL 2 ®, % OfER%
£ 4 CRT,

5= 4. 500 Ajem?® BRI 1 5 FAEN
(7L B, ERHE04N)

7y v H Ag-12.5wt % MoS2-2.5 wt 3 NbSez
y v M o3l MO
%O K (mQ) i2~ 13 9~10
®H 7 4 X (mV) 8~122 b~61
75 o b o B (L) 1.4x10-8 1.3x10-9

(mm?*/mm-N) () 1.1x10-8 1.5%10-9
W % E & (°C) 77~ 79 71~74

500 Afem? SHEE L 83 Ajem? IK [, EHICH L AR L % B A,
i Yo HERICHIE Uod MC L T TR OEEE D X R
FTH 5, Ag-12.5wt 9§ MoSy-2.5 wt % NbSey 5z, #t & g Voo
& DEMHEBTE 10mQ BT, BR 1L & 61mV LI, Jsu#
O HEEFERE T 1.5 %1079 mm3/mm-N BIF, & LHS 74°C LT
B0, Tsy HOHEEE L EMERAECERTY2, &b, B
FETHIC 700 AJem? GRAIfED 14 £%) ¥ clER 8L MR %
HEREL T 338, TR CORBHERRIFCHERL Tl Y, 500 Afom?
Bl ki 34 B W SRR H03: 40,000 AICE#E LT B,

X oT, xR L AT 2 TS MBS BOATLEE D
REBEALC TS RETH B L EL b D,

& © ¥ v

FEFEPEEORRE S it LT, ATLHROKEREWN AN & &
BT 3 20wTYud M OB, RO T~z AL Az
MoSy;-NbSes & 2 w3y d8 1, 4 Ajem? DEE R & 500 AJem?
b DRBMIC B 7o o TN ERIER WES R L TR b,
ESEEHECENEEM 2 »F o K Ho A RETH 5, B,
B 72 2Yw7 o) MIZBUHEER O 14 5CH % 700 Alem? T3
BIFnEE s Rd 20, $%0 ATHEOKRERIL $ Todiem
BETHBHEEILLND,

$ 7, @ Ag-MoSy-NbSe; & 203 Yo MEIAVEEELIC
b7 o CHEERYE & EFESRL TR T3 C &b, ATH
B0k kb TRl 0B A & OBREIEE ~ O BN
WifEEh 3,

F £ X MK
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AR, SR 2 IR L TEERROK & 2 LEEMK R
AIREE D T B, RIEN oA DESEH (WE 1.3 pm),
IEIRSH (R 1.55 pm) % v 2 Bl EHLEE vass TR, %
ﬁ'ﬁ;ﬁ? & L T24%) Ge-APD (Avalanche Photodiode) 78 bt

, BEEALS R AAUMIEHERS 2SR & <, % 728 155 sm CREEEAS
ﬁ"F?“’é LV REND D R0, COREHDOIIET L FFED
InGaAsP RiRf & Flv 2 BN HFO RN BEL BTV 5,
IniGaAs)Pr BT % 1230+l RET 2488, Gafilfa b
As iy & OfflC y=~21x DRAIGR % (£ & THiL 7 3 InP 3L
PR THEAERZ LD C LN TE D, COREEMH3 L 09um
(InP: z=y=0) & 1.7 pm (Ing5GaonAs : =047, y=1) DI
RO 712 BT L Ll8TEDD,

AR TREEND L FAr2 OVERICH T B 1824y
(LPE : Liquid Phase Epitaxy) % v, InGaAsP(InGaAs),/In
P RERLETHANEL ZcfbRIC D TR~ 3,

2. LPE # 17

LPE ¢, B &4 5550 Mktdis o % % Fok & R g
PLEORBCRHL TR iEs L T iz 0b, §E L -CRAIFHRE
&7 T b, HEERERICHEME 42 C Ko T gl i
ERfToNnd®, LadoT, ZEHEYRET RO, &F
DECRFBH 2R~ WSS 22 c 2k b, FRoM

SAAANANNNRS 2

R ERIRE GANE & SeihsGh & 2 & ¢ 58 L I DHIR
X o<ifics, BEREROBIEMEC AT 5, RES AR
OEBEOILEIC X » CRESNTWAE, BERRERE 1/2
T AT 5, FIEOM O, BHEEFRES T 22D OERD
WHRHR I, BRI XY, BB X ZOMERRD LN D,

FERIC T FEIC B E A S A3 A-2 BIERRE O SE R & IEHE

BERRD bW DGHENE L, HEERREO &S R RTHERNIc
Har X htw L BEREw,

LPE Z#EHRREclERT bR b 2, HigMAS I BH
DR ERICLETED, LN oT, BHDOIMRZLELTS
M FA2 DEEFEICRICH W b, HETH 2uis b5Feao ARG
WMEAD AlGaAs Rk |- %, JEEEM 1.3 pm 3 InGaAsP
TRtk L AR CREBLTELOD, SEHVE L GEEN%
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FHFET-: pin PD/MISFET) WRdEiEE % B, chb 23EHE
5w Rfeko LPE Hilficnid ¢, ROBEZMLL A0 Hh
Bhbhdr ot
(1) 288K L K H~TE +4 0P IBED 18+ o0 JERER X
ND7dic, F7 B 109~1010 em™ 2 2HT % @Sl ks b mE
H5,

(2) R1. o APD ol4, Gafllik, As KD K% v InGaAs
P @< InossGaosrAs g L~ InP FEHE L A& -cdhdi20ic,
InP J@% InGaAs, InGaAsP i LicgE x4 24U % InP J@i%
BEHAEWE~O InGals, InGaAsP BOBERELHIL L CRGBREETT
bhrdhidAabhwv,

FdmEE HTEA 1 Jo
ez #Hifie LT,

PR DIEHIR & ~2um
d~25um p~2.10%cm-3 (3) InP X UF InGaAs f
n —InGaAsP d~0.1ym p~2-10%cm-2 uuf\%jﬁﬂﬁlrﬁ#i\‘éﬁ, #HL
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n —InGaAsP d~0.5um p~2.10%6cm=3 (i 14v AR X % pn
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T HERD 40P ME L R HEUCHREC LIC X - T, APD 0¥
EERTERRICH U 22 e B S L, APD @ i—FyoJ ¥ & U pin PD @
ZHMOBRICHE L A BHBER L O TROESDERL WY,
—~J, (B L TREERESTY 2 hgkEe®, InP g Gaffl
B, As JIR O K ¥ \«» InGaAsP g (FEE) & ofic iR
InGaAsP J& (zoghAvs [B) FEAT ZHEORHEIN T
505, BHHFEFO X5 IC IngssGarrrAs [ L~ InP J§ o K E %
BIEFTHHHIBIL T, RPEESFEFCREREE 2 55
0, R EEDS 600°C LUF OERROEE L A3z < @49, B
AIERRERERHLON T VWA, X T, KERE630°CICE N
T, RO 2[EDATREL 72 OPREHER D InGaAsP po3u0 b
Ao BHREAT % ¢ & { InP/TaGaAsP /InP Rt
% InGaAsP jEitiE o Ml #iFH. @InGaAsP posa b Avs [BEE
A U7z InP/InGaAsP /InGaAsP (7&i:g) /InP #i& % 92T 5 7
WD InGaAsP JEHEFO MK & PR O InGaAsP [§OMgk & U
RN DR, A, THLAIEREZ InPA00)tH 5,

3. InGaAsP %o LPE gk

WE 1.5 pm #500 InGaAsP Jg§ - ~o InP J§ o LPE fk E © i,
InGaAsP Jg bic ik x ¢ 5 InP JHO KEFER O BHFIE LK %
Cebr ik b, InGaAsP [FHOBEMRD L wERAIRETH D &
EINTWBEW, 2 cvES InP B InGaAsP 2w TKE AR
OMFARER R DR E L A SRESRG R L . InGaAsP B0
LPE pEci, mMEMARPO P oflk X, %Ki zb ¢
Th, WEL ZMGHROEEAREE L A EFEL R niD, Xl %
Zlexedc e X b, BROBMFAEREIET 2, LedoT,
Xpt WY 2 ¢ b ic k) RERBEROBHEAEEELRL, Bbh
LMD EE LT e T CRET 2 c el TE D, R 3 WKWRT
X5, InP, InGaAsP & pic X! D5 5 ECREAENTEAL &
b, BEHRKOBEAENERE 2o Tnd T L2bi b,

wic InGaAsP G i InP JE# L < ik InGaAsP po5 0 b w
2 BF O9x—n OLHOWHEICRE S &, YN EHEAF~ZHLL
AT 2 2 L1 X - T, InGaAsP JEREBORIROAEEL A
70 R M7z, £ 1 RT X 51, InGaAsP iEkE kic
InP OE#FEREL 286, 8 130 wm X b HEEMD InGaAsP
EHEE O, IS A K ik Ayo FEFREI B LS Lo L,
W 1.45~1.50 pm > InGaAsP J&-C ~Fo A AR D

T, :630°C
¢ 10 inGaAsP R
j"E (A,v"l.?Oym) o InP
E e o/
£ / \ / ° \
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B / L;}/D o
W o5 g
,‘{ﬂ A
us( ! q
B \lnGaAsP
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ol— : : :
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#F L EHE E~D puF b Aw B, 950 BORERS

TYF Aty EHEE O Y F¥ v v THYSEE A,

7R, 772 ¥ | o Pl (4m)

DNV FFry 7
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1.19 0.45 ® 66 ©® © A A
.19 0.49 ® ©® 6 © A A
1.30 0.35 ® © 0 0 X
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O BRI DHEH, Frhk~7 v EERT

AERBEDY, MUOHD~TF v iEaFH

X ERORT, KELLw
DD, b I »ARARMESEN S, FE 154 pm X Y EREMO InGa
AsP BTRIERD B¢ InP O RITIEE & 5 o 7o LLEORR
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WhAw EEEA LRV E RED A0SR EONE N EHb
5o

¥ 7z, InGaAsP fEHEE Lic InGaAsP ot Awo B %2 K E &

4 e i, WEHEEK oK E 1.50~1.54 pm & 1.59~1.66 pm
ETRERE SR ON Tz, B 1.50~1.54 pm OIEREFICKT L T
&, 7oFALtAws JEE LTHEERE 119 sm OO D DERH VT,
70 BESIE T e A CHIBL BN I N A b o ko L THRR 4.
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HIED 7oF A b Awo BCHEBERFESIRATH - Th, HEEBORE
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THEFAADW, pin PD & FET & 28 2 ETHEH T
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BEAEMMAEI LN B, ThE p-n BEEDOEZ[ES InGaAsP g
(HE 1.5 um O ~FE LA et d 3, HE 1.5um D
#ink o InGaAsP {4 B LCH M & & % X 5 A2 BEEFROMINGE
7 ¢, InGaAsP §& LCWE 1.5 um O D 3 @ b {EHFETH
DT tHbiroik, PnEBERHERHC S-Fod BEELIELTwA
Wi, 20 EREORARMEENE b, HER M=1CEn,
WS o~ b 2 LT, 1~1.6 um OWERCORFEhERIT 70 % LI
THY, BEL L THE 1.3um T 08A/W, 155 um T 0.9 A/W
PlEOBE 218 b0 o BIE~35V D pin PD 8RBT,
~1GHz ¥ T AR BB ERB b, ~FoHE% APD % pin
PD e ULCBIVEE 2 C L A[HECH B C L R LAY, 5%, B
RS ORBIE R T H-F Yo $iE ORI X 2 BAIGRESR, Rl
o uEErs BB 5,

InGaAs pin PD & LCit e HEED b O pHEE A M cH 75
F e OEHEDASTH 22, InGals fEEETORLEZ DD
CHHRMSBE-C, BEROKE L BMEL R oTw3, T
D7 HEMCHEN L pn FEAZ NP A3 k5 i, APD [

10E—4}+ 4 100

10E-5

10E-6

10E~7

W (A)
i
Mg

10E—8

10E-9

10E~—1 L ; , ; :
OO 10 20 30 40 50 60

NATABE (V)

R 6. ~7o s APD ORFEM, RSk

O2JEHE & L, »olE L5 um OfKD 0
InGaAsP % EL L& L Lk, 48D

EEE et BEER 1. KoRT, pn S

it 7542 CVD(Chemical Vapor Deposition)

HEHERC R & % InP SRbk & 2 DG - K0 « AH - BIE

VR F LA REBE Ve (V)

R 7. pin PD/FET $aH{ZF D0 B RO 7 s A rer
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D 47~ {35 HER, PD 2RO AEOKE % InP
ETDHEREL DN T BB wiEk i EERAE SRk
2, HEE p-o PAEHAK E BEERIEASE#E LY, Tz tCdD
BRKHHERC & - TR 2 i€ #4 InGaAs pin PD K 2w,
FEINTIC X 5 REEEFREHEDO LB L ThiT 21T o 2o T DFER,
InGaAs p-n #EFEMO AR 54 bToFod RV RUSzFa-b L X
5T 1~2nA ¥ CHIEERZERTE S C L BHALRK R -,
T CCp-n#EEEE 160um TH 5, PD O L L CRERE o
—b A LT 1~16 pm DR 0.5 A/W DfF %% 7,

[EREE AL #2EL # pin PD & InP MISFET & #BE0 % n»
AeAigi InP by RIS L 72, InP MISFET &, Fe K—3 24t
el InP el LIKRE L & n*-InP % v-2, Fuv1o & LTHY,
S b BEAHEBNIATETTE C IvFod LADD, 1 iEGHE
TERR L 7S D % O TH 5, 4-t ##EBICE 522 CVD k& 3
SiO; % v 720 b £ 3 um IC BT 19 mS/mm DE Ju40
2R G {E %R L 2o HRBT-ORBHEFCE T 2 FL1u B Lu
D y-2 e Ko BIBH Ve FEZE 7. KR 3. HBikick 3
pin PD, MISFET 0¥ ikix & bhd, pin PD @& MIS
FET @ ¥~ % & ORIC 4 pm DEZER D B0 b b, £5
FreLToflE® ML 2%V 4%, pin PD OERE(LR T
FET @ gy, {H OSEHHETH 5,

St ¥ U

InGaAsP FHFEM FA12 DFEE B HE % LPE fESRER
B, ThEHeTHEEL AZRRFICOWTHR~Te, LR FE
B0 T LI F A1 DEEREL - BRbciT <, AlGaAs R e
MRS E OB, B—#c i MBE(Molecular- Beam
Epitaxy), MOCVD (Metal Organic Chemical Vapour Deposition)
BAFOMSI A HEEN Do —7, InGaAsP F-cik 1 EEHOHMKE
Plih HRERL e LT s ol FRlchsc enb, £h
EROEGRERE OB #55 L, S#EOSSESN %2 E
bET FAI2 OVEATTS ¢ e BB TH 2, LPE 3 OHCiF
Wi, BIEROKEFEONDL L WS EERD L, T, HEHE
SCRBOG R LR TEL LS BERENL, JFA1a
& o THRR TR~ 1 pm &M A CHEBERRERTH 5 FHIK
oeilitkpipt (M-V1{E&%, aaf1s1h & &) ~OEMbHEEC
55, )

% % X &
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ECR7ZXVCVDAIZd B a-Si HIE

TILER"
P FAFAGL*
M BE*

=XRF B

KEL reno-20000 B (a-Si: H) &k, 1975 4fic W. E. Spear
bick b Jo- MEEZ A OB THEZE R WTLIkY, 6%
KIEEN T D, % LT, KBEIL®, 7or«Ivbyoz S
FA2TLADY,  FEEE -t R EDETF FA12 ~DIEH A E
Wb T wb, a-Si: HED 2w BEE LB Jsiz
CVD @ (RFPCVD; iz i3 13.56 MHz) s hTH b, 3k
CVD i 2/walusd BA EDIEIN TR D, Thxld, EELET
B DERME Jsde DR, Jode BLRBEEDSUE J5A° X
& Ay OB EIRE Sickl L, BT Y1o0bou W 210
0 % 3547 CVD i (ECRPCVD) it k% a-Si: Hfi# i L CTw
%@, ECRPCVD 3t 1970 41c 24410 HIRZE L ©, 1978 4EICREA
K Xh “Isio Filmagsk” (Plasma Stream Transport Method)
& LT, JEBUmEE pE 400°C ¢ SNy & a-Si pERIR X e Do
1982 4E PRI & APE ECRPCVD #E@ #BHIS L, JLMm# & ffic
LEw-c SNy & SiOy DERBHERH 2T RRE &2 ®,

g ECRPCVD 5 fi3E, - a-Si: H BHERNG¢E & Rk
AL, 2 bArA—F ~DIGEHMIC 2Tk~ %,

2. RB HAFE
2.1 ZBERUEMES

B 1. ic ECRPCVD R s % A3 JEAdfiid ECR S5
2 BB X D Toh0 B LR LR 2T S BIBE A b o T
w3, S547 2 (150 mme x 200 mmH) (% 2.45 GHz 0 2150 #7 5
- FEAT S GEBUE A S h, MALRERE LTl
bivdo ZDEBKE ECR J5io ® AT 5 7o D ICBRAA A E A
NTw3, KRECHE J5iv £ b 13 em B TR (Hs2 XX

7 2 0ik(2.45GHz)

2l PR,
(Ar) FRANEI
= ﬁf/}’%ﬁmk
N EZE B
a1

Ha2
(SiHy)

-
T stHA

B R

1. ECRPCVD %55 o> jifm4

* BRHREET FF FIPFEET (D

YYDy R AEAI, BECHNEFRN ST X hmBRcE
2X5KCA>Twd, Kis Az, F5iv b Arfiz &, KK
ZEh b SiHy fiz #EAL 7o

ECR 3547 I 7547 EWTBH E 7 9100 WO ELERKD €~ i
FICE T ECR 4eh: w,=eBm (2T, o, ¢, m ZENFIE
To wrootoy AN, ER, HEtTthb, BRENEECTH
%) %73 875 Gauss #HINF 5 &1C L T, 1075~10-3 Torr
EVSECEHNTChRER X CERCE D, coiew, 1Torfi
DREfED REPCVD EiIC -, Az BIF-0 g B thfTHg 103~10°
BELAY, P -coBtROMEERIGOMMA RS s,

wic, ECR J5i2 ZIH#H)T 58 1 ¥— BFR 2R3 %
W, I547 RO MEICHE L 7 R AR B T 5 R
X oT, PEALGHCNEEN D, cOIsivErbFlEHEN
BT PSEE) L o030 M I X d,  RIgedk R e 3 X5
IC J537 ENTERICHR XN 140 2FIEHL, T SiH #
X 2 %0 BEEC X BROBD Y - fe MRS IC X 5158)
TBABIKR XN D, COEFFEMICX D, 14y OMFEE) T2LF~ 135
BORE W 10~30eV IR D, TD®, RFPCVD g X 5
RIEHA~DKE & (40 B2 <, WA 140 TERIREE L5 1K
HRZTTO C A TE D, HEMEE LA VE &, 2700 ¥ Ao-
iz ENC X - TED 28, FERIREE 50~150°C fLic & o 7eo

IHERR As -2 & HBGHH 3 L CRT, F8RIE a-Si: H %
PSR LICE T B 2120 # Ao— {KAFHE & ST ISR BEK
T, 2 LTRIESEC ST % 50 B E L k.

£ L. HERE As-2 44

H OB % 7 A — X % e
o Ff A 0.4~1.8x10-% Torr
» Ar H X (75 =8 0~30 SCCM
« SiHg F ABiHE (EBE) 40 SCCM
v 4 yuAT — (2.45 GHz) 100~500 W
- SRR AR A M 7 L ~300°C
+ ECR s 5¢ . 875 Gauss

2.2 aSivaybtdF—73 A F—~ FRFOENE

R Lwoz B B, TEBERE L LT 200 nm o> Cr %, ik
J§ & L ECRPCVD #Eic X % 1,360 nm > a-Si: H %, L%
ik LT 240 nm & ITO (Indium Tin Oxide) J# Fwv-T a-Si
vawbF-Do b A8 BT EVEELL, Do bdrA—F ReE &SP L 720
a-Si: H [EoHEfESME, HERN&R L, 2170 # Ao- X 500 W,
#2 [EHE 9 x 104 Torr, R Y 136 nm/min ¢3% 5%, a-Si: H
B o bUvFSOc X D, 125X95 um® DR E TiIC T, HEHIR
Rz BEC X o T b TS, ITO L a-Si: HE & o Hflin
FiZ 10070 0m?® CH B, NEAOHIER 100 1xd570 nm DHfH
HEHAwZ.

Bl 7, [ U SRTRRS & VR % i\ TSl RFPCVD 1k
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FrEHL

D a-Si: HEC & 2 FT-# VBl L 2o RFPCVD sho#EfRSA1,
HEHINBGE E 250°C, Hz B 1.0 Torr (SiHy/Hz), pRBGHER G
25 nm/min ¢H %,

3. EERRER et

3.1 =47 Rk U —&KiEH

S RTINS LT, Az FEHE 9x 107t Torr (SiH,;=40 SCCM
(Standard Cubic Centi Meter), Ar=5SCCM) &L, 220 ¥
Ao— % 100~500 W 28k & &7, B 2. & a-Si: H ok,
WS (0y), WHEESR (op) (544nm light, 50 uW/cm?), %
B Ao F¥ewTd (By), oq DML 1004~ (By) & 9100 # Ao- &
OBFEERT. B 2. KRbh 3 X 5 i, RIEHER 2100 # A
o— & X BCHNL, 500 W - 136 nm/min B bhik. C h ik
RFPCVD ZEic e~ 4~20 fER 2 WIEIEE <5 20 T 72, BIEE
Hh oro0# Ao—, REEFEL L bickE{Abh, RFFCVD ke
MOEA %R Lo S500W D & &, 0,,=1.5x107S/cm, oy=3~
4x1070 Sjem, npr=4.2x10%cm?/V (HL, n: BFER, v B
B, v &G PEoh, REOBLFE%STH ok JFEM AL
Frwd & 2120 B Ao EFESED LR 1.81eV Th b, &
KFERER 24% TH ol FEEKFRIEROE X Y B @M %2R
L7

ESR 2t JEE & 2,000~2,100 e~ SHED FRAEIL 25k & 2
100 # fo— L DRFRE ZhFNK 3., K4 KiRT. ESRaty
WL SiHy /SiH fES W oro0 R o- e bic/hE b,
500 W D b Zipb BVWIEEERL o

Pl ks, KEARBEERERE LN ALT TAL, KREARK
IR & a-Si H OB O\ ki bz, Chid, RFPCVD
ETHREHESAES A2 L, BEMETLAO L ZHMOER%
RTHDTH D, Fie, FHRMBEZEL CTH, WHOBE L FREEORE
E»Eoh, ECRPCVD BRiEE « EEEHEOKES b » T

o
. 1.8r ] o o
= 1.7¢ L t £ ! ¢ )
. 10f
% 09 =B——o
< 0.8r \
= o7t °~
’ I 1 1. I A H
./
10-7-
T . ‘
o 107%r a,s(544nm light,
@ e 50 W /em?)
5
§ 10~
ay /—o—
o 8
10~k ’/o'
L L i3 L 1 J
. 150F
£ o~
E 100r /
o 0
= 50
0 ! ) . : : A
0 200 400 600

2 A7 OENT— (W) )
X 2. a-Si: HEEEHEE o100 3 Ao~ & OBBGR GERINEZE L)
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10— #0600

71707~ (W)

B 3. ESR 2ty BEL 2100 K Ao— & OBIR GEEM#A L)

WmYEFE (arb.unit)

1 I. 1 1
2200 7100 2000 19060 1800

ey (em~Y)

K 4. 2,000 cn ! &HED a-Si : HOFRAIBIY 2152 L
CHERINZL 75 L)

Lrwvi b
3.2 FaRmEBREEHE

2120 W fo— REFHEIC BT, b BRREERE bR 2120
# fo—500 W T, Rz L (RT) # & 300°C & <o HtRings
R T~ e,

B 5. i a-Si : H RORBEHE, 1oFud #EE (9wt % KOH,
42°C), PEEER (o), HEEHE(op,) (550 nm light, 50 pxW/em?),
W Aur¥ewT (By) &HERMBGRE (Ty) L OBIRTH S,
BNEEEORME & b CRERER D LD Lz, Chid, 1o7
D HEBETLTEY, EAXYBEBCA L ELLN D,
PEER (0,,) RSN XY RELARY, 250°C T qpr (550
nm light) /X, 8x107%cm¥V & IEHIME A LD & ORI 2 1K %
A oieo JEHEM Ao Ffewd BIBMBIC X > THETRKELAY,
150~300°C -Cit 1.86 eV & —ETH oo T D L EDOIEEKAER
X319 TH o e ESR by B SiH,  /SiH #E&kuid, Jm
B X /a3 EHAEFRL 2o

Bto X5, ECRPCVD ghtd, FHINE % 200 -5 250°C
fffsctic ko Ca-Si: HEORERTHCH LTS Latbho
Tco

R 6. i 2100 # Ao— & HERMBNEE S ZZ 2 & D gpr (550
nm light) & ESR 2t HE L OHEBI% M icdb D TH 5, ESRaE
v BEORDICHE - T nar FIINL, Fdodvodfivl 28 +5wd X
FESHL L LT RFPCVD gt FiIc/EFI L T 5T & RLT
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£ 1.9F oo
< 188 o Qe Qe
= 1.7}
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-7k
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E 100r
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0 RT' 156 300 350 300
EARMMERE Ts (C)

B 3. a-3i: H [ & JAR NSRS & OBIE (Pu=500 W)

wh, LaL, RFPCVD jic it ECRPCVD ghixZs{bii k& v
XS5IcBA B,
3.3 AF EBHEHE

B DHMR | S mm ic L 28R Avva BEWVT, 1iu %
WAVT B LICL Y a-Si: HEE~D 14 TR 2T~ o B
HERISERR,  EBUNBNEREE 150°C, 120 ¥ Ao- 500 W, #iz FEJ)
5% 107 Torr (SiH;=40SCCM, Ar=5SCCM) Th 2, &B S
Y2 EFTLICE -T, WLES (o,,) (550 nm light, 50 xW/
em?) {% 4% 1077 Sfem A& 0.9~9%108Sjem ~ ¢/ X ¢ A D,
ESR 26 71X 6 X106 cm™ b 4x107 em™ ~ 2 A% S ok,
CD X5, ECRPCVD dcit g% 142 BEHZIRIC L Y a-Si:
HRBEHEEI NS L EL LD, TO (4 BEERG o100 i
Ro— PHREL, 2 BEAREAE EKREL 252, RFPCVD o
XS RER 1AvTtd- Bhvikn, BEOALCESLTw 3
LEZ BB, ECRPCVD g REPCVD HEIC W~ {E W [T 72 35,

1074
s
o .
£ 107% 4
1 g
3 L
L]
10_61016 : 1617 : 10‘15

ESRR L BE (cm™?)

B 6. npr & ESR 2ty % & OHES

ECR 3522 CVD #5ic X % a-Si : HE « S « /Mbk « JIISE » =5k

SHEH COEEEOHEKGEIHIX 1, fuo- BEREHILC W
DT, Ahy OEEBRIC R TRENC 2 » TH B DIEAMBE & &
b,

3.4 ISXTRISIF

R 7. BRI B0 3 F580 Tk 2oty ORFEHIZRT F
Jes1u BT, RFPCVD TR E & A ERO L N - ek
#D Hp(486 nm), H,(434nm) AERIxh F557 DEFRLEM &
DEVZ LERLTW S,

R 8. {X A2 FEJ 1 %1073 Torr o & & DEENER (o), WHHER
(opn),  FREREEE & SiH*(412nm) 0 Fsio FNABEE & OBHRZ &
7ebDTH b, # 100 nm/min LU FOREEEE & SIH* OFRIeimE
&k, RFPCVD ke FEpic iR A b5, Hic, THEE
FOTED SiH* DT & LHOBEM A b TDIS5IC,

SiH*
£
2
2
A
£
il
PR
L3
H
He | H.
. MM
300 700 500 500 700
# (nm)
B 7. Jside I 2ot OH
2001
z ° 8
150
~
£ o ¢ o
c o]
ft o o
# 100F
b
K [o)
2 5o /
%
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O/
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4 o
° 0,
O
10-8F /
—~ o
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v O Gpi
< 10 P
S
S
10—10_
[ ]
[
10-11F o ° o
° / °
ﬂ./. [ ]
10—12 I e |. i 1 I

0 2 4 6 8 10

SiIH* o &Esis R (arb.unit)

X 8. a-Si: HpB5a, opn, 0 & SiH* s b OFILBEE & OBHE
(Emimez L)
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Ar/SiH,(40SCCM)H 2 it
0 . 0:2 . 0;4 . 06 08 10

150
émo d0 &
= 5
= 3R
) 3
2 50- 5 &
R A SiH* T
5 5:
I
Ha
o~ o
6 810 20 40

HREHD (10-*Torr)

9. Sill*, Hp OFEHRLE, MILHE & A2 EJ) & OB

10781 .
ea~—5i:H by ECR PCVD
_oa—Si:H by RF PCVD
10-% .
g:g—’—e—.:ezﬁ"i‘-i-i
1#{570nm light, 100Ix)
10~l0_
3
k]
=
<
< 101
5
”]
g
’hi 10121 /0
=3 el
#2 ,o/p
E‘é 1(10/ _e—®
Ha s
® 10~ ol
&7
/
i / ITO
1071 4 Polyimide
a—Si
Substrate "Cr
10-—15 i i 1 1 i 1 A i A, d

WENMBE (V)
B 10. oxpsqa—r o -V Rk

ECRPCVD ik, RUBGHEE, WIS e SIH* OREiEnE -
FEENC b7z » THBZ I wbh, SiHx © s3n) ERLEICHEE
LTH R R ET X ¢ 2 HBEORRNC A bRV EZRL T D,
¥ 7, RFPCVD k& s Sillx @ son EAREAREZ R
LTwaT &hbhde

X 9. 1, SiH;=40SCCM & LT Arfiz fil* &2 5 kick
T, AAFENRELL AL 2 OREER  SiH*, Hg o FaAE
EDBRE B b DTH Do #9 6x107 Torr LUF CirE pllbGR RS &
SiH* OFRLMB LA RS B 245, ch X VEw Az BTl
BILL AL RoT\nb, TOBRO Az ENE, fizn OFEEMT
TS S50 b IR~ DIEYE 13 cm EIEHWELTE Y, B
Az TGRS -co EHRR O M H KIS X 5B~ 0% 523
Ez bbb,
3.5 74 FFAF— Mgk :

K 10. i, ECRPCVD  (GL#gin#iz L, 136 nm/min) & fE3JE
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@ RFPCVD #: (250°C, 25nm/min) @ a~-Si: HE*fwnk, %
NEND yawbd—oxbd1F-F (TO,/a-Si: H/Cr) o -V ik
% 7T, ECRPCVD it btz L, BdiETd, kDD
D EFED >x bd A—F BERBLNke — 5V ICE T 58/ HEE
FRHIE 4,000 TH Y, COREMER rouzy ALK b DS
Bl At D ottt & LT TOBEMAARER DO TH D,

ERY

ECRPCVD #iic X 3 a-Si: H Y, EEJTICEDT 5 ERMEE
B 5547 DR, KA CO TR O RGO M, RIS
X3 3547 BEERFIA L 2 J5i7 EeREEOLHE, J5i0 K
S e 1Ay BHoESNRA ORI XY, HAZETZESC
AR ERRIEHERE LN o F A, FEMIME R L OEMER T
b Besleo REPCVD i ¢ A% o ERB bz, CcH k5, ECR
PCVD ic X % a-Si: H gk, Bl « EROBHERME TE 2R
ZhoTWD, O a-Si: HER oxbdrd—F CEAL, fEkLHE
EhBIHE 24 btoY BFEREDLNE,

ECRPCVD B 4h=Fe OMRW, HERStEOREIL, #
Botas YECBE LT 55, ECRPCVD BofREwALT,
L DFIE LI FDIEAA I X 15
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MET 2 (REMRRVT AT, drtek UHL G 2E
B0k hBAEETH D,

T D w21 T, B0 Ebo B CEHEMIER» b2 £
WO MNBRCEIEN L CRBENIER Y, BROMER & X
FHOWTFAOoWY L Tw2, HISTFICREER oy 0%
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Ff X

— H$TN2
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? B B m e e — 144  E
S b
— 7l P o
g & 142 &
51 Qe = = Qe o = D oot o O e e e <
X ° © X
34t 40 o
= $ 70l
32p T
— Apess
X
30 T}
?11 L - TN 2
28 0.9r 7l
O == =0 ==Omm
08} o
N N
&/7»2‘_,-&———‘6.———:)6}1114
ort | -
.
5 A’ L

I ! 1 L L
I

8 10 12 14 16

BhEgiReE (Volt)

B 8. WX toy D BNETE A

FTHE L 22 KU IO T 2 MRS EHN 5, HIIE, 4ot
v b B E & I MRS HEMOER TH 2 b, IGH vazs T,
1otwbh W EPHET 2 C e XY, HBEKURS CHEY L 2BRY
gERE 2, T, BEHNEE, HIJEES 7o BETH
STcle®, WRIFCHYT 2 HEREN (COMEGT) BBETH -
e, EAHNE CHBERSCHEYST 2 RN E, tuYETa-l
RUISH w256 WHOEMICBERE < VEY e 3 o, COM ¥EF
BAREE R D,

Wi, T OBEHHENE coreva—L EHWHSO 1uar-2 i
SWTHEIC< %, PlAd, BEEHAD 1082 & SIS 2 Bic
X, BRI oGO cHER S T 3 3k0BERL GER)
FnACUET 5 0 E £ B, —MHCHRT, T OFERHEL
BETECFWTETEELTEY, *OMERR & kEx
WEE DD, T, TOBBESEBE toY 26 Aoty WcER
W, ZORSEHC—ETERL, # A & TRIEFMCELL,
¥ ABHEOKYI A oMK A EREE Y BR L cBicik, BRcs
HESHEHOBEC R b H b,

A L 2 AR % b DK tott O, BRI X2 4
2tw b R B, B & MRS Ao b O 0
EhE, —Jidsine, {5 cos 6 OB E A Y, FHOHA
WM E AR5, & CAHD, BN BEET D L, BHoHH
I I 6 i MEREER T A5 A biu iSRG L e [BER S 25N 2
7o, MUEENERE 10. o3gg-cRL2Me 2d, COHE, #i
S AT 1 P R o B -CRE IR T & 350048, FERC X b
BRP xbed, HEEOM RAHFEAHEEeFTRELR
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7. BESEEH 2254 @ Jowo | (13420 B2 D)
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ﬁ PhiE r"V\/\/—O Uoreser
l/ 1] E

@ e D -
B : o COM
8Py
O Voreser
(a) HEEHIE tvyesa-u
BhEORE
i\ D@gm B
{ | 3] G,
\é—y ] G o Uoyr
I O Vour

(b) ERHNIE to¥Ed2—1

9. tu¥Eya-IL D Jows X

bo e, TDXSHIEHMIIEIEL S, HIEE—2DOFH
CHHFH > T b7 ), BHREIERALE Rl v — kO FHHEN TR,
Bl bR E YN e X 5 RiER R L, #FHMICE 5
TREHMOSMERTEHEEDH S,

CNERMET 2P E LT, HHOMERK X 8 bt & LS
(BRI EROREH M, EAHR CRIICERICERD 2 b,
HEhR2ZMeE % 3) KX ZORDLEREERD T, TORETH
B oA ETahEL, B tuy OHISRICREEREMRL,

10. s&msic X 538
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Yyl

Ampl

CHEZ -
HATER

Veon

B 11 A w256 B0 1wz [

oY PR CRE R 24T HiE L, il BB o fbe, B
BEHERERC—HE € 2 FERD 5, LHD vazs ©ik, DEBFoH
DHEAERICT 2 6% T 32 TIAR & 3HEMh b, HBED
FERE-> T3,

1l ERHENE toyesa—-n 2IEMAT 3B, IERBIERAY
FRIF 2200, B 1530 872 0D (u802-2 BHREFT.
T DRI, HAEHEICHLST 2R L 2445832 Amp1 &,
MRS T 2B L ZEELBT 5 Amp2 ALY Lo T
5,

T, Vi dHESHEMNOBEMY, Ve BFMEERZRD 2E
FEANTH D, e, Vem BIGH o274 MO EHEE LN ©, BRE
DeED VIOHIEEL 25, 4, Vi Vem KELWEREEE L
T, AAgEBEcwh L oRECR, B L ik Amp2 i X b,

Vln—_me.__Rf.[3 ............................................. (14)
EIBECERI NS, RIc VI IKELVWEMNE Vs CATTHE,
Amp 1 Ic#in 3B/ Iy 1&

I;:%:%.IS ................................... (15)
LB Re=R/ Lhid L=I/ &b, FEEMWICI SRR
DEAL L 3T Amp 1 ~ A1z Eh, toyEsL—1L OEHHT
D5 bR I HIM T 5 T A W A Amp 2 TR I X h
%o

Fie, BHBERER S HEC, B vazs AIOERETLZE
ﬁ&l‘lﬁﬁoiﬁﬁz Ry # @i R~, TEOMNERE T, BEMREN
TE D, BERED, BEHABTR, totesa-1 NORRER
PHETZoextL, BHRHNIBRIEH va5s Mo BB ES M E
CBAE v, Thbb, toteda-L ORLEME e w58
R bAaniE, BRHNIBEOTREN TS EEL 3,

4 EHFEHAVNZAADEH

i to 2~ OISHF & LT L 2B A 2082 KowT
AT %, K 12. OEMISERHAR tottesa—n, AR 5273
VIES2— TH Do F423L1E02—0 NICiE, BHRD 1oavz—2 [H
BEE Lo, A/DERIRRL o100, FSREIRE £ 2uizt I
Db TWn3D,

C OHEHH ooz @, EREERRECREA @t e R Eojko
TH) 2BWIET2HMEER A TE Y, FradL1E02-1 BHORIE
PR aqw3 %, FHECKEMT C LT vt K& x DEHRE A
NTBTEeRTED,

FETEFFIER AT C O b= X 51T, FIEER a1v7 2 LB
#Hiix 1EER & ¢, chick - TEBLI D LEEhofLE, S0

KDL B « BHEE « BAZC

FEHNCRD T, C ORLOEEITEIN B EHRESS ZRFETH
IEEHRZ toEva—L K5 L 5, MAHIER, Bl OIEEROR
% wba—a KANT B ET, ZOMBOME Lok sy
LaGMERETT S, MAWMESIECAS &, MBEERICHEA 250
FR B Ay b BRI C L IKARAITL, 19— Hbnhld s
7@ 2wd KX 5T, 14— BBT M (BA) KL%
oAb BAET LA L ¥, BUEIEER 21vr 2P, ToOH:
BOMAR 3uL2-2 KATXN, THIKX - CRERMEBERK
TT5, COBREE, Fladdt 7avh KER Y, AR ZOHEET
40° Y EE IR AT HIO WFRICETAD - Th, [MHcE oM
BTOHB] Eodb HHE e Lainifibh, KEFHTH 5,

T OFHIER, BERAZURT bh, HEESECAS E, FHIE
HERTEREREITS 2w, WHEOETHMER &1L, TR
2L,

HIC yo -7 Kk 2 Thb 2 o0fIERESCINZ ©, Hhrfle

BT, HFUNERTHRMAECATEBRR LD THHEL &
R eIt BHLOhARVI 5%, K tazloa 2RI I
EEPERY ANTH D,

BeeoFhEER, XY BTN O FH SIS L
BEEE (=, v) SIEMERHACHSE, Xt 0kd 4 o=tan'(y/
z) BRDT, 0 0~360° 0 FOMEACTFET S22 HHIL T
o UL, COHFETH vz OHBRECHEZLEPFEL,

VT D AMTzwoLu BREBEDL WS T L &, tan™! OFE DN
MThnt okt thb, PERESHELEMC 2R RARD
7o

c OFHRICK LT, SRR L 72 Xz b A% B e e eileEsk
T, SHABEEE Y -7 b TICHEER AR L R B ®, H

® 12, totega-n (&) & FarSL 82— ()

Y
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= —— e By={Xy, ¥¥)
~
~,
_____ S~ N
= -~ \\
~ »
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\\\ \\
\ R
A \ \BA\'—1=(XN_1, Yy-1)
0, \ \
: \ Vo N-1
a \ \
.
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FHED 7 ORI RS T B 2 D, B¢ CAE tazly
2 DRTMBFEETH B, UTFHZOHELDWTHHAT %,

XY HAHEENEEA O ERED <oty OAFER, XY SFHc Rl A
ROt ThDo [HELCRE 205 FHLT, S=RxT ¢33, R
T & XY FHIEOLHED AotL TH b, B 13. K BT, S+=P
% By, S—=Px By %#%% %, By, By RHAERBELL
T, toz &ML, N, N—1- TRT) OBERZPET AN T
DHMIEE 7 & T 5, P RIES N MK <ot TFOEEY
(z, »), #EF R 5, &k, TOFHECL3HMHETE,
MR <o b ORI RO b e L, PEROMTH B T &
DAk E 252, Thi oy W ESLET 28, Xioe
YRS e N ZNELABREETEL T, b0 2 TR R S
LA L9 UDIAEER L TETE L v,

Py By, By ORTMEZNER 61, 6 LT B &

S+ =rR sin 6,

S—=rR sin 99}
LEED, Wb bBbakkoic, sine;>0, sin <0 TH2
b, S+>0, S—<0Thb, chik, HPR traNKETS
AR DI Y 300

L, St<0Thrhi, mPOFETS toa & N L H dAH
DL, WIhho toaThh, S—>0Tchhid, F0OHTH S,
Lo, fEED toa »oHERHBL T, A6 X v
FTANE toa ¥ IHEBH X ¢ S+>0, S—<0 BETT2 o2 %
B EHRR R b e ik b,

reaT, RACHATHAR sin 6, (% P& By ok THO
ERETH R, FHRORDZ CLRES TRV, T T, Xifiiko
AT ficEETRE, S+ wowTiE,

S+ =7R sin §;=rR sin(e—B)

=7rR(siN @ cos B~—C0S @ SIN B)  ~rrorvreriieinins an

—Jj, x=Rcos B, y=RsinB, Xy=ycosw, Yy=rsinw T

BBk, ' o

S+ =Y y—yXny oroveeeeenes e TN PO (18)
E7o T, G EABEERDRERTRT C LA TED, L,
Xy, Y¥) i boa OEREHETERCTHIAL, EMs-TIL &L

THEL T, NOoBE (Hl) XEERY) sl & X,
Yv BifRCkE 5,

wic, @ 14 #HnT tasioz OIMCOwTlB~<5, HP R
Pi—Py—Py EBEIL T toa ¥ NoN+1-N @ik e %, H P
Reoa NCEEaw (toa N+1 c@T3) ¢¥Essikfe
e FUpr e EHTZ, 2o, AP edds S+, S+=
PyxBy=rRsine r % %, £ OB, €3/MX\n (0§8<-72£0)$ﬁlﬁl
T) ¢ S+=rRsine y/fX b hb S+ A rRsine tind g
HEo/hEgne, HE g % N1 ot LTtsdE ke
LiChd, Thbh, APORBTE toa BBEIC toaMEBEL
e EBOHEE, ARO toa BEOFARMIC A -7t EiCEN
T, BHEDOHP LB Aot By O THRD b Lo En
E X REBINEWIE, HETEEREST, S5 TEmIC
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N+1 Dy

Py

By

N—-1

0 !

14. MY t27YuR OERHR

HEgFscecky, REiUEEEasvuz ¥NT5CERT
&5,

DL ER AT 2 2K EH w256 OSHAD DD p~Fazp, vOb
97 S AN B 1042 #EVEL CERETHBCH Y K
LEMEL 2 & A, FEHEMEO 2 W35/ - WAmEERRECnG,
EFfPOBEGEEZ M 0B GBI Es, bb0E%4
CEL R D0~Yod 21BN TE L,

5. ¢ ¢ v

WK boy ABEHF e L OBRBEASEE, OEREERER, &
AL TH B L N TR, TOMLTHR% 51 (LD B
b, TNbOGHE, BEIDTHRELOTEL, LD duegr B
KE v, T&bbRKAIH L 7 RE TO BRSO E v &
FHETHDC R ohot,

LaLadb, HHEEHCTT2RELRESERT S duerr
%, Hlad £5% KB HT L BRASHTRARL, 0wt MERF
ELBl vy @ ot FML LT AREAERL A5, C OREIC
TR e LT, 24Tl toy ~OEH 21—F Ao FEAL
T, B da—FRwo IC X BEIEO%EER, 15 ok
4 % B b % OFLPEFFTE L T iGRET, Hliic AR
B2 R4 B o Fro T DEEICDNT b, KFCOEERO P T dpory
L AL PRDTHRWEBEZE D L w5 ¢ AP R D, B’ >«
—FRwo HROZHMER TS N,

DLk ~_T % AFMER s C i X b, eoy HRIAUE
HRERORBEATBETH S L EZ D,

OB B Y, toy WHOBKRN, MEAZZCo>n Tl
HoR v e R e R A Mo B R H T,

T E X W

(1) BEpEs  EAAIRSR LS L IIRREETEODIE,
KF¥LEE, 35-105 (1 35)

(2) PSS EIBBHET 20, ABHEG, 37, No.2 (7
58)

(3) ks : FEoy OB, raa#fi, 34, No. 2 (#759)
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FrEmL

SRATIOI F—T0AH

MEEgRET EHE Rz
hEREZ SREHEEEC
PIlFE

L A 2% &

DAT (#+43an #-F+44 7-37L—F—) & CD FL—+~ & &GO
fEF b H, LbiFEDn T3 frdant—F«4 THY, FPRBE
FEHD 2uATb hEwbFL—P— KB ERED 2 b D LBEMT LN T
w3, ¥, BHECDAFEEAOHAE LT, CD-ROM & LToOH
—Jx—vwb &b & KEHARKIGH 225 54, DAT 3 [AgE
CEIHD &7 b 7 HALOAFEARFED £ & LTOERD
THEE N, KRELWRFELFEZN2HRMTH 2, Linl, FRME
4t LCHEERERSL L v L i Bn ki nic, XKE,
BRI, AACEVEHEO MR s0-A7wT TN TWwd. £D X 52K
LoD T -CIN 62 45 3 A n &> -t JHl DAT 75 HARCHRIEE Mo

AKRECH, di—s I DAT & b #AHES b —FBNL CTHFEEN B &
FRRXN D HH DAT ©cowT, HAHREET LD TEDR
FCDOWTikR 5,

2. BT #R

DAT B34 CE L b e R-DAT OEflitdgrs® 1. 1cRd
EBDTHY, G 6T-F LRELABRICHIETE 5 X 5 KEBE
ENTnD, &) bFERCAREE, BAeEREHROMREE Y
DO H=DD B (48,/44.1 /32 kHz) DWFIIC b HRTE
3 L5, DRFLASA-2 BB X

T—7 7L —t—

DAT D4, F+oal flfEcdh, FEMOBERAG I ts
Brlnb, EE K5, ORE -3 OBNIMBERET 2 LER R
, TOWR—EDE LD X 5T K0T, REEEHE R
Tndo —HlE LT, HlTHEE TR F56 B30 mme, 73 &R0
90° BT TBH, IE F5a & BEERFTADBRTT, 1
HERD /ML, [i3Ribs 205 C A TE 5o

77 Lo bswo ik, VIR &R 2EQER ~vl ZnT
FOFENCTRIK E N B AR T P2 HREZHW T 20T, t5w2
BT B—-KAUF 2T 2 BB AR L, IR bSwstfer &HHE-TINA
Mbpi? (ufits b/ TH 12%) &\ 5 RIS E R L TR Y, 7
~3 O MRS R OBRRIC T > T Do B htwh B, BE
D JuAT b hty b DF T2 DK E X T2HMOFEESRTTA D, 77
BIAIE ol & 25144 LIPENW S o0 L THEEA S, 7-F 2
EhTw 3,

L€ bswoog—vwt BTe 1 h5wo Ciitftd s PCME
BHEE, M, BRI AR o 990~ F BEEE, tswtud ] ATF
(Automatic Track Finding) {&&48%/% IBG (Inter Block Gap)
THWEN TR B DT, $I3~-FEBD 7oa-L23-Frud 2 PCM{E
BLHN L CHAB L5 CHE TS, ¥Ia—+ {E54%, 273 kbps
(CD D#y 4.6 £5) OEEHED Y, ZELTECHISTE 5,

% 1. R-DAT o - #%

htTtwba. DAT Ok £ i,

€ — F DAT TIrvaFy Fy-7

48 kHz T b, 32kHz |T 47us W ¥ M| A7 vav ]l | #Fvav2 | A7vav3 {;'j’; Z 74,, ;
v T, RBREXIE 45e020 (B2 F x v xor ® (b 2 2 2 4 2 2
WHETH Ho 44.1kHz ix, PCM Yy 7Y vyEuws (k) 48 32 32 32 44.1
Jotw # CD J—p— 7 & Thk BF A » b8 (Fpb) | 6I=7) | 6(0=7) R0y y=7N0 v =T) 16(J=7) | 180 =7)
JAL LIRS EF I Tw 2 |k o B W M (Kipd) 61.0 61.0 e 61.0 1.1
HTh B, WA f ® K (Mbpid) i 114 i 76

D1l FSws D E—F 2 D B # v — b (Mbps) 2.46 2.46 1.23 2.46 2.46
W, w83k KX D SYLa— ¥ 7 a3 — F @i (Khps) 2731 273.1 135.5 273.1 2731
Fos K73 WRICKHE T & 3 & 5 £ B K R ‘ L
KLTwEDTHb, Juashd moE ;ﬁﬁ * . :gﬁ{;wﬂ”u‘%y:*}‘
Vb BE & . o2a5—T b AL— F Iy v AR J= Y 7 a# ATF

7ty b ¥ A4 X (mm) o 73x 54 % 10.5

J7-3 wHMlE 4T, BHE As—u -

. ] & ™ M (min) 120 120 240 120 1w | w0
¥EEXEDLHOTHY, 2-7 Ty w o . Py
F-JF I, Aans-7 X D IRED - 7 & m YT i
DIE - B LR D 53 2R F > - - m (m Thatin
3, LD, BEHNEDLUE 5 — ¥ @ MK (mmfs) 8.15 8.15 4075 8.15 8.15 12.225
TT+23D0T, bs9otwF % 1545 F 9y 2 € v g (um) 13.591 13.551 20.41
CIAF T Z#HL T3, © Fov oy 7o 6°22/59.5" 6°23129.47
o THRERBSEL 2525, R SN T 630 90° 5.
Fflize -3 RERATE, vy O ¥ 5 oA @ EH (pm) 2,000 1,000 2,000 2,000
R FEASTIREIC 7 B 7 & IS moo« @ T (ms) 3.133 1.567 3.133 3.133 l 3.129
KEwn, ~y KTV =AM £20°

* HEWEDT v B TEABHRETITEET T SRR ZEET 87(679)
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aib
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T

EBEBEHR LY T« BB L L T2 20D
o €0 F—2 2EFHRCEL 10-8 % T o %

#, 304 CTEYAEXETS 5o F0-4 TRE

#73— Fifs
(870w 2s)

A72aFNETT DETEAE O E A iC, 72 OIEFRTE & b Kl
(1967n0wv7)

;PR B T ua)-T P, BEMEMRINLTh 7
2ELERYICHEL, HiffF-2cBELTHIT
20D EE EETTS. THLOUHEZL2 F5uo
PR E LTITDI, Z20%HD fudraty & LT

¥
3.81mm ATFRLE
PCM&g1s% (57nv )
(1287 v 2) H#7a—F

ATLarntsus

=4
(870w2)

64K b Db D 2 HETH D, TD 28] 2
Ww3oiickh, 3 OEFTEECHES 52 O

FHEE b SERICREIN DO T, BAEFK 9975

wa— BIEET D L idhwv,
5 L CETIFAL % %) 7= =2 1k, DA 3yp~
a2 ATIEh, 7iod BRI g, RNEA

EERSRBRET 2 £ ® D a-A221La- CIBL,
g D A—F44 BHL LTHETNS, COEMNC,

B o7 Tl PCM 5-2 & @jlic, {HBHIRIE

X
- F - JEFTHRA
PCM—ID(W1)
/
/[ l7avs
BES TRL ALY T PCMF~ % + /31 5 «
(W2)
8 8 8 8 256K v +
170w 5(=288kw b}

Ehic ATF 5 3HEEIH, Thitk) bsSefy
5 ilfliA £ %fT 5 Tw %,

B 1. t5w29x—2wt B PCM 8 Jowooa~2wt

3. YXFLEEEiEENIE

T D a7 WL TH Y, FFR¥EAELTC &€ X
D, va7s BffMEILE T2, R-DAT @ ts5us54~2w bt BV F
Owooa—2wb ZX 1. 1K, %K 2. K 254 OHIE Jowo ME R
Fo

R AwF T 53 h b IR 2 ES%, [HE tsuz %
LT~ L, B rud AT 2, zoTil), EED
MEETT», R CEBSERIC X b BRSSO wE 2T - 24,

2100 [ vaTs SEREHEHEL, i Offl
M, 472~r 0B, BE+- LD fuar-2, EXR
FTOBZ Y% TToTw3, K 3. k& bot HEERTS
3.1 BYHiE
TEY-PVOES TED Fa-Faud pudAs Wi, ZFEONEN
Frbhd, COWMTE, suds BRVFTIERIE, —D2OHRL
LT CDDEENLLETH 5 ¢ & % HERES 7LiVAs 2E X ko
#HERC 1508, C2#%%775, Cl¥a—4 Tk 215-%
TRIIET S & dic, 215-Ll LTl Closs 2fmt 3, RE
oC2iF5Tk C1o5J AT, R4 RT3 IKER6 -
v ¥ CRIERfTo T 5,

AEY
(64K + X2)
1

Leu

BETLT DA Qeriz _,@

HRgiae ) @WH | T ey T > L F—FFHN

S (16E5 1) [l 22O
Reu

FrTREL
iR

(4‘-1'7'157‘/) Tr<a-7
Y-, K54 R

A

N

s0v7s
H4ER

K 2. R-DAT 3254 @ Jows [§
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FiEaL

B 3. twh DA

Ly FO—LEtE

1

E.xT5-n#%
N:ClZ 3 7n

C2z 57
PRAN)
21 5 —~3TIE ]
= 25— ]
C2735 +NAL—2vETIE
15— |

+NA L~ v ETE

NAL = piTE |

Clzsrar—

1

4. Fa-Foud FudVAs

K 5. Kz d Fa-F1u8 7ud0As D 504 BBV ETIERES, R 6.
I A=t BYFTEREN 2R T B, v256 D voufinIs—u—t 22

R = .
PR © ETIESHs
A

© R FRE

10-s

10-10

1035

10-%0

10-25

ATIE-tRENFESE (1/7—F)

&

10-3¢

i 1 1

102 10-3 10-#

L rRVERY EE

5. sud415~ ATIEREN

1073 DIFChhiE, SEOFRR A2t BIETH 5 = & ZHWEL T
D EA EREEAET Rv. vofilis—L—t & Jowors——+ D
0:1|ETHECLLDL, vofLIs—L—Ft 107 & Jowr15-L—F
1072 BT 3,
3.2 Yz

bswed HRIE 197 SEE ATF 2FHI T %, 2 OHR
W, Aot 23 ATF IO EB 2 HET 2 & &, TWBEHE tsw2 2D
BhEE Nk 202b—0 O DEN0 EAD X 5K, bswtusd HHE
T5HDTHY, 590 kb oD THBCIE U ATEE Y Bk X ¢
T #+7280F-2 ZEHL, 77 DEH 28-F ZHEL T3, &
fo, FifRE N AMMawb BB T setud 2f7o0 T, VIRD X5
REE Ao BAEE &Y, xh OMHRICHRICH 5, ATF iR
X, PSwooa—2wb b dHLRR LK, 2EHHCHHiELTH
5DTC, BHD 590 WIN Y RDHoTH, BEE Fsetud BTL
Do R 7. 1€ #2t5w0 3 Jows R Y RO %R
3.3 E=Ef

R-DAT i&, $E3ED 7—Fu2574 A WEHESBHA TR & » 5 R

2664 L
Imm 2.1mm

6. A-2b15- FifE - ATIEREN

B Fovan d-Fad =3 IL~F— « WIE » T - I - B -
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A7 PSSy ® (%) 100%=13.6um

(5 288)
B 7. A9r590 W Jowo B

o Twnd, fEHED auAzhtwh O 57 BEA 47.6 mm/s ©TH
50k LT, R-DAT ik 8.15 mm/s & IEHICEETH Y, Hik
BMICARE o T b, Lb D uars TR, F5p BA8 30
mm¢, -7 & F54 OEMNT AR 90° LEBEWADIC, 55 % 54
ICEERNT ORI OB D T &R TE B, LMo T, FHEE
Bin b MF-CIREF 4 & OB R E AR RSN C iR XY,
R AR S X B

BEREFEE SR LHAMS DI, Aol & 77 DN
WER—EL AL XS5BT EPBEE 3 hd, 20T, ©
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