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A New Combustion System (MICS)

Toshio ITO « Tamotsu NOMAGUCHI
Satoshi TSUGE

Central Research Laboratory

Nakatsugawa Works

A new compact combustion system has been developed and named MICS(Mitsubishi Inner Combustion System) as a result of study
in the Central Research Laboratory. The research was originated with an aim of constructing a combustion system which has no effect
of contaminating the room air with exhaust gas to insure sanitation and safety. Study was made on the plasma of the MHD generation,
fluid dynamics and gas reaction theory so as to make the full use of related technique. Tt has been successful to confine the combustion
in a canned section to make it of low noise, small rate of surplus air and easy heat exchange.

This article describes a method supplying the fuel and air devided into fine particles and also the meaning of the action of the

thermal catalyzer.
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Combustion chamber.

Thermal catalyzer.
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Diffusion coefficient of mixed gas.

B’ & H & l higiRE D(cm?s)
QOz—Hz 0.777
Og—Nz 0.203
Ne—Hz 0.763
Nz—CsHio 0.0%96
Air—H:z 0.611
Air—CHa 0.219
COz—Hz 0.665
CO2—CsHsg 0.086
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Electron microsopic photograph of catalyzer.
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Flame speeds of gas-air mixtures in a one inch
diameter glass-tube.
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2.5 ou-s6 Dk fE
Flame anchorage and flame lift.
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Specific heats of combustion gas vs. mixing ratio.
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ZnSe & GaSe @ Electro-Reflectance

BEI AL - i T R
fFuk [EE /N E = A N ) A

Electro-Reflectance of ZnSe and GaSe Crystals

Osaka University
Mitsubishi Elect. Corp., Central Res. Laboratory

Yoshihiro HAMAKAWA « Kenji IKEDA - Yoshihiko SUZUKI
Sumiaki IBUKI « Hiroyoshi KOMIYA « Hiroshi KIMURA

Electro-reflectance spectra of ZnSe and GaSe were measured at room temperature and low temperature. Of the results obtained, the

spectra near the fundamental absorption edge are reported herein. In these measurements, the electric field was applied by using a dry

method in which an interface barrier between a SnQ, transparent electrode and the sample crystal was utilized. From the analysis of

these spectra, the following parameters were obtained for ZnSe at 90°K : band gap energy ¢&,=2.809¢eV, exciton binding energy (&,—

€ex1) =21 meV and energy of the first excited state of exciton (Sexs—&ex1) =16 meV. Similarly for GaSe at 90°K, were given &,=2.124 eV,

(8y—Eez1) =23 meV and (Cexa—E&ex1) =17 meV.
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Electro-optical functions F(n) and G(x).
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Block diagram of measurement system of electro-reflectance.
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Energy band model of ZnSe-SnO, hetero junction and
electric field modulation.
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DECHTEELZSDTH B2, RIHNCHE~ 7 5B FREMNE 2 8
THHE, HROREAET Y2 LiERC—BRICERS 22T
L, MIKETE2 L/ FE Aso BERTEILS v v oif
BEHH 5, CORICBE L TR ZRORE, 1 ~10Q-cm O HAE
PIBEBRTH L L2NHHEL /2o

3.2.1 2ZnSe #&

ZnSe DFEGHTEIE Fwvou IO THEL k. T OHETEE
L7z as grown ZnSe /¥, MEHASIRT 10°0-cm bl 1$ 5 OT,
LICHRAR 7 X S I C ORFIC R B U TRV, FOTTOEEE Al
SAPKHE R In OREPCEMBILC, HEHE T 2. ©
OB X - T ZnSe DHIEHIE n IET 001 Q-cm ETTH 3
CERTEDR, AFRTALENK Q-om OfEREERE LT
i, Bt (110) o~ &M% > T2 285, LECKL
THEEPEEE LY 107 2L TWE, TCTHCeZREME, B
T#iie F-3 LTwhwndod, #ED Er X0 Cu 2883
DOOZTEENRDH Y, Fie Al ZABTPTHABEL 2 b ok, A%
MED Al ¥ R#WE LTEATWE, B85 —HD 4-z00 &
firicit Hg-In @ 7ouiis 2 Rwvic,

3.2.2 GaSe f#5&

GaSe Dl ElE 960°C TH B DT, Ga & Se % FHHE puin ickt
CTRKR LD, #HO Jysoy e v TG L.
GaSe DiES B ERMEZH->Te Y, CHICH->THFIK~EM
BTELDT, CO~EHHEZRAE L LTHVE, GaSe Dftg
ZE PIBC, o HET #E LA as-grown GaSe I #+0Q
~-ecm DHERF > T b, Lad > CTRICEMEZ S 3, 10
Q-cn BEOLERZF 2 O2HE L LTHYZ, AT TH
e GaSe HERICIIFFICRMMIE F-3 LTB LT, ¥ & A-zw
ke b He-In © 7ou6s 2 HV,
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—— 300°K

I (mA)

—— == 90K

!

]
i
i

F—-10
R 3.3 ZnSe-SnO; 50 EED V-1t

Typical V-I characteristics of ZnSe-SnQO, hetero junction.

3.2.3 ZEATHEORME

Tand— FEEERVED 22D SO0, OBWHEMRL, IO HEHES
DR EEC SR In % €% Sn 2 #EBL, KPP T 300°C [k
WL CE LT 5 2 e ic X D E L. Coiik® v 5 & 3
T LY B A, MR 10kQ, HF:EER 80 % BEDE
HEEMAEL N D, ¥ COHHIC L 2 BB L MEOES

3.3 20—FlE LT, ZnSe DA DM A AL R L
b DTHD,

SnO, DB B F BT 2 & ¥iclE, WHIROIRE % 500°C
BEK LFTEWT, Sn OBERE% O Az & b bicikE D1 55
RELNTnD, Lis LIERASEEHADBEICE, COHETR
WEmCENTR{LENTET !, BEFAEREAELNEC L
BENTH L, CHICKHLTEPETH A ETRE{LEITE
K wDT, BIFA AFo EERELRZ D LEDN D,

4. EERFER IR

4.1 ZnSe

ZnSe & IL-VL, EL&MCE L, CdS % &7 U< —fctmY
WK EVEENT WD b DOO—FETH 5, ZnSe DIERTIIGIZ 77K
T 28eV HHEICH Y, My BOEBEBRETH 5L LAEMbILTY
3099 bbb ® fln kR R RERRICERT 2 oo SAEOR
B R b TAICEATY S 2, KIFo I PImshe Bt e (ar
FEAR)TH Y, Lic s> TEEEBICET 2 BAHRMHL TL v,

s E 4,000 A~4,900 A o fFE-CIERE 25, 90, 200, 300°K
D4 FEICDNTITh ol M4 11k 90K THlEL% 4R/IR D 3
RO O A7 EBEREEE R B bHbr i X 5 KEHER
Ve BOXWEY, BlafEsBElbhtl 228, AR o
DEH/NE LAY, FEfEn JR/IR OEOMEIC WXL b2 -T
(D, D5 %, IR/R ® 357+ 13 thermal broadening % &
ZDEIICKE KL, LidoThobd 23700 DG
e A5 Vae DERRECL > TRAS,

E4. 2 ZELAOo0BEECE T 2HEM e Bb 5 4R/R
D 2o R LZDDTH D, TNLITDD 230k IKENTE
NENHIGT S L2 bNEEE (AD €-0) 2FLESTRLT
$Do 7L WK b 200K oD IEE, BHFOEED F-a 2
AVWOTHELE R LAV, ¥k P-rdid 25K THORED X
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NS THE VB - FlIc ko Tw 32, chik 2. 150
FAS L DR B L5 IR L D Tt FIOREOBIEK A
BRENWZ LILXD 30T, HEBK T Vae=4V Kt 35, £
—0 d DR 290 eV R FTEM T B,

CNOoDOREED S bEF t—obiciEHL, 4.1, 4.2 5 X
HFREICEACHE L 250 1 OESIKFLS B3 LAkER, D
BLEDRD 3 EBEHEL M E & oz,

T ] H 7

. r=%K -
! P
|
0 ; : Lo
o w |

—204 .

. Vem=1V

4k |
. a b 3 d

0 : A e —

B yo=3y
10} 3 b
) b

(dR/R)X 104
P
< E=9 r

V=05V

2.7 2.8 2.9
Photon energy {eV)
4.1 90K itk % ZnSe D AR/R 2550, @ Vg
Ik %528t
Applied voltage dependence of 4R/R spectrum of
ZnSe at 90°K.

¥ ¥

WK

| i o
RS
<
<
1 1 1 1
AR/R

g
=~
=<
4
~ 200K X10
V=16V 16
a? bte? d 48
| |
N : I ; e—ed 9
X107 - \/ 4-8

2.6 2‘.7 2_'8 2i9 3.0
Photon energy (eV)
B 4.2 ZnSe @ AR/R 2R b DIREEZE(L
Temperature dependence of 4R/R spectrum of ZnSe.

ZnSe & GaSe © Electro-Reflectance - #&)i] - filF » $44 » (0K -

(1) 25K & 90°K % 1h~5 & 25K DIF 5 758 2 DAEBREEA K

En,

(2) Vae #ZHLI 87 & ¥ o0 DMBRIE LA EBD A\,

(3) Vi 28IMLTYW L EBIECEDMER—ERELAD,
T LICHING % & electric field broadening AL C £vw D IE
BIES 25 & HICHERPE RSB,

T5 LAwENE -0 b 2% exciton DILEHEMICIHZE LA D ©
TH2ETHLHAT I CenTE B,

E 4.3 (a) i exciton RO LN TV3 B & D

electro-reflectance {2 DR EMMNICTR LA b DT,

i

H exciton DILEHNOB LD CTIEE2. COETCRBZEK a D
EHOMEBRZ RS R A\ & XD exciton DERESEDL LTw 3R
THICEBE R P22 & GO X5 2t 3, T (2.4),
(2.5) XU (2.11) 2BMF 2L, do BXE deg FTFEDE
%, TOEE exciton @ TRLF— &y & dep DED Eep DfY
TTHRDB C &R TESB, —F exciton DEIFEHED X 5 ic LT

T LT n 2 B4,

®4.3(b)DL5CHENER >

b DY, HEREREIRD ThLE- & OPSERENICH B, &

DICHRRFIC X Y INEDEA Y B EL LB &,

£ EI{KD Pz

DI 22, HERB OIS RRERLELERS. 3,

Ll LoEE L jEOEEY ZHCF T K 4. 1 255D 3 &,
E-2 b & exciton DILEHEMICHIET 2 LE2 200 o B R
HTHB, ELTED THLF- & FHET B DI (2.12b)
AT 4R/R % dey WHEH LIz, 778 LEDEER (2.13) @ =,
Er XU n i, CORRMRT—EL WS {ERERL, ¢ K-

Aeyor Aee

hw

Aeyor Dea

4.3 Exciton {C X % electro-reflectance 2% ),
Electro-reflectance signals originated from exciton absorption.
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AR/R, dex X107

— A€,

===~ AR/R

2.7 S 2:8 ‘ 2:9 ‘ 3'.0
Photon energy (eV)
4.4 25°K icglF 5 ZnSe ® AR/R ¥ K-K 28T 7 dey

Ae, calculated by using K~K transformation from 4R/R of

ZnSe at 25°K.

K zifn—fle LT 25K, V=30V OH&E% B 4. 4 ICRT,
COMThHB L 5IC dey € AR/R YIELOMERD bbb,
Wisd 2 E—o i “'” 2D ARBEE/RLTRLTS %,

CDYX5KCLTHEL dog D E—o Y DHED b exciton OILEIR
BED T2 ¥ o BPET B L, 25K T &m=2.795eV, 90°K T
2.788eV DEHIELNS, 200°K & 300°K Tk becpHEAL->T
WEOTIERABERETET, B4 2D bteTRLE E-
o DEELE Lhvinn, chb®fd Hite Hic k 3 KAt
PoBLNEE EEF—BL T3,

R E—o ¢, ¢ WWHEHEET 3 &, Tl exciton DEE—FhEHEr &
RGN E R > d D e EL DN, 4.2 (b) DHEICEY
FTB3THA5, 2T T deg D Fep ¢ DELED bE—REHEND T
2 A Eezz FHYET B &, 25°K T £52=2825eV, 90°K T 2.804
eV A2 EAELILD, TD 3B I0°K COEIXATEE Hite Hic k3
AEBE b—FLTE Y, BERYLEEELLND N, 25K T
DB Een %3542 LCHRNC FRlT B (EIC X Tha DK
B, 22Tz TR 90K TD &p & & B X U 25°K TD
Eet FFlWTHD [EEEHFTZ C & icT 3,

o-=F JED exciton Tl (8U—~Egzl)’_‘.’“§"(8&12"‘83x1) LAhBDT,
90°K ClE (Sexr—Eex1) =16 meV TH B b, (E5—Eem)=21meV
FThbb §=2800eV %3, —J 25K TH _LFEDOEDERIE
EAET(EL AV, L oT 255K O &em & LEED ZEDERH
5%, 25K D & pLUE, & LTEREN 2811V 3 X f 2816
eV 2% [EXELIE.

E-salConTl, BRREATRCNZHIT 2 ZBEERHES
S LRV E BV, —DOEfHE: L LO-phonon-assisted ex-
citon transition 3% biLd, FTHbH Reynolds®) Z i}
Wt 280 D F-a Ik B e, LO-phonon @ 13— F#932m
eV THd, 2T -0 b & a D 1apt-DERLSEE 25K T
45meV, 90°K -¢ 28meV A D, 25K T kE T E¥ 25,
9K THIEWEL R > Tw5%, ¥ COFRTINE t-oa O
fept 25°K ¢ 90K DIBE kD /hE L »TWw5E T &b, LO-pho-
non density BERTHATEC LICEE L LTFELAE.

B t—od THE, THIEDOWTREIED L T 5HL%ME
FARLELEV, L T Rk 2ETRLZIEGN Franz-Keldysh
BERELELD L, 20 Vi CXBEMERE—~BLE. L
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Fe 355> C €A HTERIIC X 5 & DT A Ao FEIC & 5
HDOTHY, TOERICDOATRAHOTECE chiEhbA,

4.2 GaSe

GaSe R RTLMIZ Ta+— HhRr- BRIk T, % O
DRI FHECHY 20 eV, KR 21eV IKHB T LR
b TWEEIE), i Auf BHEDEHIC X 5 &, BTG
SRR Mo O KGR D, HEEBRROES ot X
CTACTRED & ¥HAMER L A5, bhbhOFEFTR ¢ #ic
SEFFICES % 2, T c INCTETIOER AR LT3 DTHRDOE
Ao ciCEmE & D, Lo T LFT My BBl Wic
Wi B REERDLDNERTTH S,

I 300K & 90°K 1€ B\ THeikiE 5,800~6,300 A DT
Fhote M4 55X UFE 4. 6 1 300°K & 90°K T EIZILEIM
SHEIE Vae %254 CTHISE L 280t %777, METHEa, b
FHLARD E-0 BENFRIELTE Y, WK TR LICE I
- FIIC D 5 —DDED oy BIFET B, 72 0K T Vae %
KERT D LAMDED -0 WP XnEcBHbh S, Th
LD bR -0 ODMBRIEE ALY Vae KIKFELEZWT E 2D
Bo i E—va kb OEFMARER L% &, 0K KEWT
Eepald Vi KWKEEFTIDI, E—obBHFHREREK
TR LRV,

— R IFETIE, -2 aiX 300°K D)5 5 B I0K K l~T%
OFMBENRAEI AZDOCT LT, E—obRIEEAELEELAEN
LA 300K DF s HBIEL b, ThbDT b E-pa k
bidE o L HHRORAL 2 BRBICGERL T2 b D eiffus b,

thb® 4ARR WHEbN B REY WHCHRT 5 2D ICH,
FiC <7z X 5 1€ AR/R % A& T 2 4 ERH 5, H4. 7
BEoO—FE LT IK, V=25V DEBED AR/R L ZNhbE
$i L7 dey D 23801 BRLAEDDTH B, LT K-K 2l
DIEIC b I & e 7, ne>k 3 X Un & ng P HEAEENT—
B LCEER TR %o COMEMLbAS XS5 CLPMBETH

1.0F T=300"K
V=8V
0
| |
~1.0F | ’ 42.0 g
X
FAN 0 E
A4 =
v, =13V D)
—2.0

(4R/R)X10*
o

~
=)
T
\
|
~
[=)

0
I } V=25V
—4.0F b
i a
—=8.01

1.58 ' ?_.,OO ?_.’O?_
Photon energy (V)
4.5 300K et 3 GaSe @ AR[R 250t @ Vac
X 324t
Applied voltage dependence of 4R/R spectrum of
GaSe at 300°K.
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3.0} ' T=00"K

Vi
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~2.0}

=3.0 Vie=13V

-112.0
-1 8.0

(4R/R) X104
e

D)
o
/R) X 10"

440 X
1-8.0
12.01 Vie=25V
8.0
4.0
0 P ¢ /N

| IJ \/

—12.0

L L

2.08 2.10 2.12
Photon energy (V)

4.6 90°K ict7 3 GaSe » ARIR 280 @ Ve

Ik 5251k

Applied voltage dependence of 4R/R spectrum of

GaSe at 90°K.

416.0
Ve =25V
4.0
48.0
S 0 ‘c/ 0o %
% - =
w / " ~
\ J-8.0 ~
~4,0k ‘ ]
c
-~ AR/R 4-15.0
— Ag2
—-8.0F
b £ H v H
2.08 2.10 5.12

Photon energy {eV)}

4.7 90°K iK1 % GaSe ® AR/R b K-K ZSciize dey
dey calculated by using K-K transformation from AR[R

of GaSe at 90°K.

575, dolBnTh ARIR Ky} o8& e ST 2 HEx5H b b
NTnd, ThbOMIET 5% 7 % D0 AFRE TR L,

RICLL DR S & SnTo b DREEDFE & & 5 EBICD
WTERERAL D, T E-ob, YV CEATEE, TORSED
HIEG B 4. 3 Tifi~7 exciton ICESF 2 EEM ARSI b TRl X
N53DE L —BT 3, 7 Bassani LORZBERNOREIC X 5
L@, GaSe @ exciton DR 77°K ¢ 2.10eV FEFICH H, T
NEbhWbhOHD E—o WV DB LRERILTH 2, b
tirb E-o b i exciton DIEMEGIA~DBBICKHET 2 b0 L%
b, 2D 1iud- ik 90°K T &n=2101eV, 300°K -T 2.007
eV 2% b, MilicOET2AD -0 RBEEDLCTAE % b L
R\nAs, BUEN & [FBRIC exciton DEE—[GIARHENL & SRR ATE
2hdDEELLIE,

4% Uil ¢, o A3 exciton OFE—EHEMIICHIET 53 D &R
ETBHE, FD 13- 1T Ce=2.118€V (90°K) & % b, LAz
2T (Bemr—Eex1) =17 meV TH 5B, D HED FE L n-m7 B
D exciton LEZ LWL DT, FEIE FRFIC (8§ — 1) =23 meV,
Tabb g=2124eV (90K) L2 %, zhbDffiit Mooser Zic
I BRBNTOHFEE DK Ve —F LT Y, 2k iR
TH5 5, —BIIC o Tz b DHEAIE 90°K TiHK meV D
BIIC X 2MRERO2 b, PRI & exciton DEIEHERIAE %
°2T, M4 7Rohd X5 aTEAECA-ZbDEE D
ND, LaRoTrLDEIKBILTRE bicHiik ~yos BT ilET
LUERDH B,

RKHIC B~ a THEHE, ThiZEFONRE & HBEDORES X T
IMEREC & 221t b% A T, b H DA E 72 b TREGICH
HF 2 EBICHE LT3 2 BBEEEbR VAV, TOHERIDAL
& 1% 300°K T 1.986 €V, 90°K T 2.093eV TH 555, b L (§,—
&en) 75 90°K & 300°K T4 Lw» & F6 300°K @ ¢, i 2.030eV
txb, COUHDOEEXE 300°K T 44 meV, 90°K -C31 meV & %
b, bAbREAREEERT

Bl efli®, MOFHEOREHEL LKL 1 LEED
THEL,

5. ¢ F U

B L 25 LW AEHE S REBEFHRCBE L <> Twd—
HOPFEDO—2 L LT, BEROETEHE L M5 Ak BT B
T3 5 electro-optical Z)iR%E & Y L1, ¥ FREGUREROFERMR
BHECI>TEDL 5 ZE LT 52 LLR, 20fHRE LT,
IRDMEEEHTH 5 WIERH @ 3 X URNER R ORINEHTEEIC 3

% 4.1 GaSe DEHD 14— HDOE &0

Summary of structure energies for GaSe.

Source (Authors) Temperature(°K) gex1(eV) eex2(eV) gy;(eV) Binding energy of exciton(meV)

Optical absorption (Bassani et al. 22) 300 2.003
Electro-reflectance Present work 300 2.007 2.030 23
Optical absorption (Bassani et al. 22) 78 2.102 2.130 2.13% 37
Optical absorption (Aulich et al. 23) 77 2.120 20
Electro-reflectance Present work 90 2.101 2.118 2.124 23
Magneto-aptical effect (Aoyagi et al. 25) 4.2 2.132 10
Magneto-absorption (halpern. 2¢) 4,2 2.109 2.130 20
Optical absorption (Brebner et al. 27) 4.2 2.1095 2.1244
Theoretical (Kamimura, Nakao. 24) 27

ZnSe & GaSe @ Electro-Refléctance « iRJ1] « i - $37K - K « /NE + Aokt 611



72 BEELHOBRT Y IRMMICERL, FABmaiilEf 4R/R
L HERIICEA X N ERREROBHLEL do, do L OO
HILDWTd, Fog PHICDOWTDIRFER R Lo

DT, bLbIRT WO AT wS ZnSe & fFIRIHE
e LTEHERINTWwS GaSe Lo WTOERZTTAW, THLET
7 TR IC DT D Fea— ZEEL, TORERD W
b, TMED exciton Hifr, 35 X CHBRAGHD T4 2IRE
L, BEFEREO T RBICLERR & BEOEA & Bbi b il
KoOWTHIRZHTC & B TE %,

bivbhORBETHE, RECEBEBRENT 2 5% LT, HE
SnO, FHRBERE HIEOHETOT L 2icL Y, WHRERER
EBES L FIH L b DT, FiBH bk A9 REQHBIC W2
2% ¥ ¢ ® Electro-reflectance DFIE N FEE A2V, LR ->T, C
NECEL LTERMECET 3 BETHEOMNEICASR : Th T
Wi, COFHER, {EET, thermal broadening % Hib\» 7Kg
T ARIR 50, DRIER TIRGIC Lk, ZO8EE, fEksElMED
Foa % d LI LTEBEINTWAERC A 2»0H L » i 8%
& 5cedTERk, L Ladb, SnO, BWERT M cicdic,
Sn0, ORIt H 3 3.5eV Bl 1o Higher interband OffiRic>
Tk SnO; QWA % » CTHEEIC & - THERAFAEC 2 5o

¥ 7, EMESOBIMATE—R XR3b bl T, ERO
{HOHEEBEBET, Lk > THOHOREHC DWW THEEOR
Fer REBLC LR TERR ok, C5 LRHERSYER, HWESHL
EMin3 2 HEEA ERBHEL 55 LT, chbDoRAERRIEL, ¥k
BOPWECH LTS 2D X 5 RfIERTA > T, TOHBPDIEN
HHEZXDEL, XDES2HATY ERN,

FLWMEHCH LTH L\ 7157 THLWHEY AL T 2 i,
Yrkkpe, PHEEERTIHIEHEATH S, bRDOWESHRTO X5 &
FeHC BB O HHIC T B Te v, o ® ) DTN A
(M) ERBURETH . (Ff4-11-4 %)
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Mechanical Properties of Solid Polymer Salts

Central Research Laboratory

Kyoichi SHIBAYAMA - Eiki ZIDAI

Polymers containing ionized groups are known by the name of Ionomer. An investigation has been made on metalic salts of methyl

methacrylate methacrylic acid copolymers for the perpose of finding specific features in mecbanical properties due to the presence of

jonic groups and of making clear the difference in the effect of ionic groups from that of crosslinkage by covalent bond.

The result has shown that the height of tan 3 peak corresponding to e dispersion decreases with the jncrease of frequency when ionic

groups were incorporated. This behavior is presumably caused by the difference of activation energy associated with the ionic interaction

from the nonionic interaction.

It has been found that ionic bond shows essentially the same effect with the crosslinkage by covalent bond at the temperature below

the transition point, while it dissociates gradually at the temperature above it

L R 2% &

O TEFEOBHEMMECE L TR, &R 14v OWE2 Bl
TOREVBERRAZT DI BB, 110 %A UEN TR T
BT B BIFERSER I D o R, FTLW 243 DU F52
Fw2 & LT 71y 2hD Tonomer 2FEFE xNicis, £ ORGLadE
ED L ORDMEREEINT Eh, DT Fitzgerald® 3,
2FVy A5 B GRO & BIEIC oW I R il L <,
SRESHMT 21Icon T, SHECOMMEREREE A D 152 B
REREREZ NS 2HELTWE,

F 7z Tobolsky® Lk, e-#uosy My BELEAKICDWT hy
Fu OTERES LT 170 LI % 2541 & -8 7 BRI iR s % sk,
Tonomer @ LAoThn ZZEIE 14 OFEE Y $ L5 (4o (L
CREE T, (ho (LA 218 EisROMNE S 2 bt &
BARLTED, I0CHBTREERORIBH LB LS
BHERHICEC L WS 2 38ELTWE,

T/ Nielsen® LUE, rFiA$uL72UL-b 720 B3EE Sk 2
MOLRWBCONT, &JF A+ & HE KO KISHE S A%
HHICRERFEYEL, AL CRRIEDSE A+uf B 245- &
LCOHREFOC L HIEL TS, ¥ % Otocka® 3, X, 13U
v 72U B ARO Na 53 2 U8 Ba 5icD\nwC, H3mEs
FEL, Naife BadChl A5z BBEEL LCERELINS C &
®, b ORBEHERICHAEARIE S X USRILERRT C &b,
SRE L HESER TR BRI A ERTET B2 v ¢
EEHRL TS, &7 Macknight® b4, 150w A500), BAILE
FED Na fIC0wT 14y {LERZHEX 87 0 H22piefs
BEBEL, 14 {LXNEBECR, 1ty WRIEED £5 4+ OIED)
CERT LSRR DNS C L 2 EHL, (ERIBOMEEEM
12y (LECHEME LY IETT 2L o e HELTHWS, =
bIC 17Uy 422V BB KD Na #ICDWT, (4 (L 7Rk
TN 282 by 1 X ) 1,700 em™ @ 3F 14w 1k hukizi $580H%
BbiRELTRE®, HEDLIKERICA->T, 14y 5E0%
EURASTFEEOHEC DTV DOhOMERA T T 5 7,
1AV FERDHFEC L 3 BRABHIC O TEHOWL I 2 h T

*OARBTIERT (B FsRBRYEET

i,

—HRICIHAH G S DT E TV EED TR, S TRIOHEEMR
BT IR AR D TREATHE R, Ch e RENCY F2mE b
AL HEVEABEAINT RS LEL BbND K- DLRIEICD
T, (AU RERICHED < Rk 35 % FLHIS 72 9 1% © Tonomer
&SR D ASIRETL L £ 2 b D aFLA200 L— b (LT MMA) -
2229 B (BT MA) HEAFILDOWT, Z0LEES X FLR
MO X DRIRE TN, T ICL ) HBEWAELED D, i
FEEIC X DG & HiE B2t T 2 AT, HTRAIC L B 2G e
RS 2 EME OB AR L PICTEC L S HME L, I
HL7e@Ri% T yvs (BT Na), nfzos (BIFCA), #ign (BUIF
Zn), 3wt (LT Co) T, fftAick 246/ LT, 151
V) I-1TA22Y L~ b (BT EGDMA) % {#H L %,

2. R B F &%

2.1 HHofes

2.1.1 REHBFRIAHOER

WAL DL MMA, MA % 75¢21v350= by (SHR
I 1T 03%) 2HEABMEME LT, oty HTECTESL
e, A 1-71 THTATY, WTAWREEIAR -5 T
H, BB L CHESENR R B, HEAGOBE I 0.1
N7wo-w #: KOH ic X b Bfli% U LBE L. Bbhiitis
e Zh e YROGBORE B hFzvs, BHET, BEE A
W) &% vty Az - O 55 LIEGHICE X ¢, 65~75°C T
6 REHIESE L e #% vb—L HIC AL, 760 mm He F-oseiE-c 48 TR,
Fi\v T 1 mm Hg F-CsiRT 48 e, 60°C -« 72 K, 100°C ¢ 72
RifH], 150°C -C 48 IFRIBA LS, ZHEKHAT 200°C © 2 B
MR TR o b DEHNE LA L 2,

2. 1.2 ZEEREHOIER

W X VBB 7 MMA, MA, EGDMA # X 1 MA 0 & RiE
(Na, Cd) REHCESEBHND 790219750 by (LMREEIC
*LT0.3%) 2BEMLE SO f52 WOMICHE Uaz, 80°C-T
L5, 120°C T 5 NAIES LCall %87, C ORI 2SR
HT 150°C T 2 IR DB R 7% - 72 b DR FUERN & LM
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L7, % 3.1 REBRABOHK
2.2 4BREOWKS Composition of uncrosslinked samples.
* 2]
SRIOMERRIE, FHUBI 280 by € X Y TR\, 58x fHLD o | MMA(mol)¥ MA (mol)*2 Metal(mol)
1 1.0 0.009 0
9 142 AL ALzl FEOURIEERIE &, 14 1k L7 hukon EORR :2 - o —
TH D 6.4 p FHEORITRIED s & SR HERIL O 70 H n3 1.0 0.039 e
i o7 nl Zn 1.0 0 0.0045 Zn
2.3 fhEEnBlE nl Cd 1.0 0 0.0045 Cd
- o ) . nt Co 1.0 0 0.0045 Co
$ERE 210 bo -2~ VES (EHAMMETTED %/, HHbRa 22 Cd 1o 0 0.0100 Cd
BRI X 0 RIS 60Hz, 20Hz, 2Hz @ 3 HicownT —50°C~ n3 Cd | 1.0 0 0.0195 Cd
240°C DEEFIFAICH 72 » THIE Lo A1 5.0%01~0.3x 15~ ®) 1 MMA, Methyl methacrylate #2 Methacrylic acid
20mm Dk E XD DFMLEHL %o = 3.2 BBERHEORK
Composition of crosslinked samples.
3. BREER no | MMA(moD)®! | MA (mol)*? EGDMA (mol)™] Metal(mol)
o . L S 2 = cl 1.0 0.10 0.03 0
B L RmisRstsi 25 3. 1ic, Rk v®& 3. 2L o - 10 o TEH
oo 3. ltpWn, 1EADLBETN2 @O auiton RIS C2 Na 1.0 0.10 0.0 0.02 Na
FBLREELLGECEEL AL, ¥E3 20T, ALK C3 Na 1.0 0.10 0.00 0.03 Na
R 12 L EORE AR BRT 5 & ETE, WHEICL D cre Lo 010 00t oo o
. Ay e ca2cd 1.0 0.10 0.01 0.02 Cd
e RS L OB —E L B D c3cd 1.0 0.10 0.00 0.03 Cd
RICFRNFI 2~0 b I X Dﬁﬁfj}gﬂbfc ALRFIL D FEH B L #) #1 MMA ; Methyl methacrylate
Yk B, 3. 3 157 o ma MMA., MA o &2 MA ; Methacrylic acid
jCLFI ni j_i VCTTI/ e < 0)% = ’ t ;{b izl + 3 EGDMA ; Ethylene glycohol dimethacrylate
WAL OT, HtERMs T L XREETH 525, FHEL A - . .
e s A o £ 3.3 ARHORIII 250 i DEER
R FO A b R B TIRECH B, & 3. 3 THRENH Analysis by infrared spectra.
MF B CDNT 14 L ol HERRIKLTWD e nb, WFF o —CO0/>C=0 no ZCO0-/>C=0
LS HRAELNT RS C 2 Abh 5o n! 0 i 0
= . o . 2 0 C1 N 0.088
3. 11c No. 1 Bipto5 A4 3 Mic st 3 5 RIS B E R - - N e
Lico BISMSe 2:4Y802 b ABEAHEINT 3o T, i~ n1 Zn o1 C3 Na 0.201
BHL £ OEXBELAE—~FETHD, Tk tand—o OFHX nl Cd 0.104 CilcCd 0.128
. = ) nt Co 0.099 c2cCd 0.189
BEEAE—ETH D, CiubD bk No. 230, No. 35#HIC n2 Cd 0.156 Cscd 0.207
DnTHFAEETH D, TR RUAFLARDIL- 1R E D—REDIE 1 n3 Cd 0.7
10% 1010 1010
g 100 2 5 107
\..E‘ 10 \% 10° ,_%‘
108 10 10°
o 2 g
)
Iy 1.5 = 1.5) g 1.5
Iy
1.0} © 1.0 © 1.0}
< = 8
- 3
0.5 0.5 0.5
T t 1 1
—50 0 50 100 150 0 50 150 -5 0 50 100 180
T (°C) T (°C) T (*C)
® 3.1 HisEpiucsdd sk 3.2 Fk b EREUCKT 5 R ® 3.3 Fk b FEucsdd 5T

RS (n L BRED

E, E and tand vs. temperature curves
for several frequencies (sample of n1).
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RES# (nl Zn 3D

E/, E" and tan§ vs. temperature curves

several frequencies (sample of nl Zn).

REH (1 Cd SR
E/, E” and tan 5 vs. temperature curves for
several frequencies (sample of 11 Cd).

for
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5,

Ao BB FICOWT I ML TWw3®,

B 3.2 No. 45§ (nl Cd) ko> wTREA 2 BEcHT 38
FEDHIBTD 5o B, EHBE b ICHBEARINT 3 coh
THEIEHA~BE L, LMD E—r OB ALLEL A > TREA,
H3. 1D4EETHACEHEL DELWENE, LEH#D tans -
2 DR E BEEHARINT 5 KON TRLTE L TH B, COE
HEE 3. 3R LS ICZn LU Cd 25T CDEHC
DPRTEDLNDE, LhLasAbE3. 41K L% No. 6 3 (n1
Co) TRz DEFMIEED LA T, nl Zn, n1Cd iC~T BN
NS 2o T B O THRIBOEMR®Z i h b, TAwn
FTROEFBHOE RS LBEAMINT 2 1ConT, BIHMICIIT &
AERBRoNE W, ELBOMERRS L, EEAE S SR
CBHL oI tand oy ORI BEST 2EEBELNE, ch
B EIC L 2 816 L C ORERCRIFISOME % Eitasm D
CEERRTHOTH B,

—IICHRIEE IS TOH &, MR CEE—TROER S
DbERTRETH 525, i tand t—o BIEFRKC L bF—F
HEFRTCEB—DORBELEMC R > TED, £ OBEENAMH
EENTwE, FARINEICOWTCR, BB E & biIciBk e
-0 BRRT 2HAED D, BECHEIT INEZTCOWTES
HIRICY COMMBRHBERAENEHERD S, Lalasbre
TRONAL S CIE FEBAEINT 2 ICONT, tand F—sy O
ERBWDT B L I EHRIE N ECTHE XN AR L -, © DR
THEELZVEETHE, co@EEARDhR- & hbERE S
DOBBIREABEN EELbNS, TOD tand by OE X 2HIE
FEEART 5 LIRDT20R, B A X iicks Xy b,
EREEECREVC LCFRAL Cn3 eEibhd, 0% b filE
FHBEAR b &, HATHREROMKHEN A E CBbh, Z0H
MROFT 3 & FRMHEDISIOMINC L 3, © DHBIXTERE AF
L HOBBWEETH D5, 2 AL HTRBEAYEb AW

E’ {dyne/em?)
3

DL EBOMIEICERET 2D ELLNE, WHMBF LU A
& MR OB, EHHOBREERTR (4o BOEERE (65
DO, R, SSHRRIEOMERE) & SR B & ORI AT,
MR AT IO AR VR 29E 140 BB FIc T
MAFHET D LELDND, COX SO —DoDEL L LT,
1A BWRMEIEA D RO BRI 2 2 ¢ LT, E3.5
()DES R EFNEEILBCLLENRTED, TOMT 14y WAEE
VERIC X BEAE nand- 1%, 3F 14 MZRMEEERIC X 235k
IMF- &, Hod Y eRABLEL, SThE/PXVERET
?LEBHIE, r2l@E3.5(b) DX BnTESD,
BB 1 L RENE e CRE LSS E2ELS &, ®3.5(a)
DX 5 14y MARMEYER & FE 140 AHEEVEFEMETS 3
Db, EREBE S TO EER3.5(c) 2 Aah, EBETOR
R 130 MAMREERRD E D HRBA v, chies LTEmg
B TELAES, B BER3.5(d) tab, BEBRNTOE R
Av WU EHDOYRAEKEIMTL B, 7k B 22 BE,
BRI f1 B XUEARE fCilEThE, coolfLeR
Bd &R ER R DI 14y MAHEEVEHRR 3. 5(e), X
3.5(1) WRLAZLSKEDWR I N v, Lid-oTRE3. 5
(g), ®@3.5(h)Dk35ic B/E TH5 tand BT, EH
BHEDOBELEDFFIKEVEDIC, tand -y OFEX kT
BLELBLENETED,
RICHBERBHCDOWTRT, R 3.6, 3. 71 Na & Cd
DZALICHT T BIHE SRR CH B Az RAETORMICIE 5 #
BOHBEOBCIZFERIELAEEDLNT, T2 L
(tan 3 E—2) FHEDOEPC P IFHICE D DE R oTRE, C
DO 3. 2 DFBHWEICHILE L L 5 K& BIRTF %M L %
HiREE I K 5 TREE R, NSNS X 52845 B
DEHEEXL TR ERRTOOTH B, L4 LV Sk,
HEREOZVIREMEREAETLCr Y, CORESTREHED

100k

e G1

= m==s=CiNa
X3
) 100 = C2Na
z e C3Na
> Frequency 2Hz
s3]

5 {c) (d) ?
. = N
5 (e) ) ‘Z
+ <
: /\ ‘9 ’
: ; . T T » ‘ , . .
B L T (e) ™) ~50 0 0 100 150 200
T (C) F) L<L () T
X 3.4 HxsFiicsts s i B 3.5 tand O FEEURITHE B 3.6 Nagozbicsis 3 fhdan
1SR (nl Co 3 DERIC I 3 BTN o (2Hz)
E’, E” and tan 3 vs. temperature curves for A model for interpretation of E', £’ and tan ¥ vs. temperature curves for
several frequencies (sample of n1 Co). frequency dependence of tan 5. variation of Na contents (2 Hz).
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10}
E
<
e
5 100
=
S
108t
5
2
>
=
1.5
(5
5 1.0
0.5¢
—~50 0 50 100 150 200
® 3.7 Cd#ozftiosdd 3 ki o (2Hz)
E, E” and tan§ vs. temperature curves for variation
of Cd contents (2Hz).
o Cd b= 2Hang eer
P logER/E
o Na
0.35
hd Wo
0.30 +
L i 1
0.01 0.02 0.03
Metal

® 3.8 SREEOZILCT EoHOERY () OHE
Relation between steepness of dispersion (h) and
metal contents.

AR C b D eELOND, B 3.7 T, CdEOHE tand i
kf DREXNRESEFREC L > T bABET I e pFBLOND
T, EOUROERE X bICEEL K LT B e wic, EREERE
%%Lﬁm%AC?ff%EBﬁA%ﬁ%wﬁ%t%mwfﬁﬁ%
R AL L, BRI X BELIC X o THROHE A 230
Too Jo6 PEMZOHEE R MERBOTEA LR T, Hiftic 157°C T
MR ERHT S C k“CT’T oo FERER 3.8 WKRLEZLS
ICh OEEEEL—ETH Y, FEEGICX BRI
%@&cmﬁf%dﬁ@%* B0 EBHbLILE,

ICHERE AT X D AMERD R B o DiC,  HiRHEET DN
ﬁféh%H#Hkowsﬁ %mbksw%cwgmf,Nam
DBk EGDMA K X 2 4285 BIERA%ETH 325, CAdEDOHE
Rt LAEBRERRER T thibh b, COMEMDL Naigo
B0 FE & LT EGDMA ¢ Bih TV OEBRERLT 5
2, Cd DB —BYSRMOEBFEBRL b LELLN
%, 187°C, 217°C DR b Na #, Cd ¢ b, mEiliicinsic
ONTMEIEHERIEL, NaEorR S REOBREERREWT L

616
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tan &
o
T

‘\
—em 20Hz A
* N,

= 60Hz

&

tan
—
=)

fel
o

tan o
—_
o

T

L

~50 ) 50 100 150 200
T (°C)

B 3.9 R HEiucsxd 3 tan -

Tan3 vs. temperature curves for several frequencies.

% 3.4 EERHEBOFIL Taud- (B0
Values of activation energy of crosslinked samples.
(a dispersion).

no ’ 4 H{(kcal/mol)
Ci 79.5
C1 Na 77.0
C2 Na 70.0
C3 Na 66.5
ci1 cd 76.0
C2Cd 67.5
C3Cd 62.0

Bhnrd,

RICKEAERSHRCR O & 5 A Bl ER c OB R
LNDAE S hrTEk, 3.9 KEHEORE S AMKICHT
Btand Mg %R Lic. EGDMA ICk 2 EiGatHCE, BB
I B ICoNT tand £y OEXHBHAT 2 HARRLND 25, T
DI E—REDIE (4 HES FLoOnCEL LR E: — T
2®_ Na fEoie, Na BAR0007T 3 Ko TEFHD tand -2
D X REREE L kT s ERMSbhS XS5k, C3
NaClIEE A tand s OEXBEb LR 2%, Cd HOBE
3, Na #oiBa ki Cd f2ind 3 kohTtandg—o O
X A E R b chikT B EmAsgkbh, C3 Cd oB&ick
LA EREAE L ARSI oNTHDT 2 EMICSH 5, thvb Dk
End, REBAAPOHFCRLNLERRCOHE L FET S
CE NP BN, Natgde CAdiL ORI, CdIEDE S HIE
14 S TR E R OB AL Taud- L OESKE R LICFER
BHBHEELILOND,

E 3. 4 CARBOEHHOBEMAL Tat- OEERLES, B
SRS PUAINT B KON TIFHAE Taud- 2T 3 ARG,
Cd DT 5 RRDPEESHKE R, € O EDOFERR tand - D
BRI B b R & BT B,
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Types of Sulfur Compounds in Insulating Qil for
Transformers and Their Corrosive Effect on Copper

Takashi IMAMURA « Kazuo YOKOYAMA
Masaru ISHIBASHI « Manjiro SHIRAI

Central Research Laboratory

It is known that approximately 0.5 % of sulfur compounds is contained in the electrical insulating oil for transformers and they have
marked corrosive effects on the copper. The degree of corrosion, however, is not always proportional to the total sulfur contents, whereas
the types of the compounds have much to do with it in different degrees. To bring light to the phenomena, study has been made to
find the sulfur contents classified according to the type of the compounds in the oil on the market ; such as (1) sulfides, (2) disulfides,

(3) mercaptanes, (4) thiophenes and (5) elemental sulfur. Simultaneously corrosive effects of various sulfur compounds at the tem-

perature of 100°C~250°C have been made clear with a new corrosion tester.

L A #» %

FSua & EICERE R B EEMAPICE, 05 %HI%D 149 28
L, Z2hb 149 1%, 502 WEROMEME A L2 EET 525, 21
1Y SHRICHFALCEENEC S LA ELT, ZOLaHmoTE
BICky, BREEMNELLEARLCERHLhTRD, AERER,
b ORIER RT3 2o, TROMGRMFD 119 OLEBE
Thbb, (LYo F 8 (2)29o-18 8, (3)andzy iR
(4)547z0 88, (5)FEFE 1149 ORIBENOEGHFREWAL2ICT S
L AR, KT B ALY BET 2 2, 149 OERICKER
IERFIFE LT L EERBn v e LT, Bk 3H0™
BO 149 LAesd 3 Batk, gl X 3 Rt E R
WL, FOX3AWED 149 (LAY ERCHERET 502D
»ict 5 e AR, L EaRREE Ve BEL L L.

CcOFERBBROMER, FIREAABICES, (L)EREEY
1A BCERT 2R, (2)RETZELATUET s c &k
b, HE L BROMFEABETR. (3)8 31y KR FEM
gk, (4)FdtE, REOARBT LS,

UMD (19 (LS MOTBRES T ORI, FA0z0 FHAKID
THY, &1 ED 0 WHIHOEER L 2, EEEECBFRT S
LELLND, TTHEA4Y, vturef ER FEIEHICO R LA
L 7,

2. #EHmP oA F 7 EEHDOTRE

MR X 5 OB AEDVERET 3 kwick, A9 bamIc XY
ZOBEMRERD C b, £ 110 BELBAA, 149 1LEM
DOWEEZ AL AL LTE S BERD D, 119 DRESFICDONTH,
A B TE L OTMPIORB Y, BETEN TR,
B AES®, MR TREER ¥bOTHAV, Lo
<, EHAESO 149 {LEWEEEMICIEET 5 208 ~ Bt L,
SHERMEL Lk, C TR, ThbDHFECD~TORES
BICEE L, ¥ AR 3EOMEHMICISA L BRI wTBR 5,

618 * fRIRPFEET ** HRBIEPT (T

2.1 AFo{baHponiik

(1) & 149

Sy Hy 2 RAWEHRT Nipfifllt e LT, 1,100°C FiigT
MREE, 449 EehE LS BTt L%, D HS % a5uu7
L= Rk X VERT S, Drosuty HHER OFHT I pe D
ERATRETH D,

(2) HuorAF ¥

Lo F HEE L BOTFRE EDERBET 5 C L 2FML,
z DEHED FEATILPHE 300 mp~310 mp BPET 5 C LIC X HE
B3,

(3) whlzu #H

AgNO; (€ & 3 EHFEMHETHEIC Soturua-u AT 2. 3
Zbb

AgNO;+RSH—-RSAg +HNO;3

(4) THwo#11 B

H Ic k- Tt Licts, (3) & AkE AeNO; I X 5 E{ZERiE
RPBrhi. Thbb

RSSR +H,—2RSH, AgNO;+RSH—-RSAg+HNO,

(5) &3r7=v M

FAozo IR RETH Y, D 142 {EEHmE R L
TREETHBORFALES/METH B, THbb, 500C i
Ui TvsT R, 4o bEBEREDHEEEEL, o
SO 3E, Auhday M, SHuo-  F AR L HS & L, BRY
% FAozu HiE T D, BRLIVCEHTONARRE, Fiozv MO
05%IEt LT, LoD 149 {LEHE 0 XL LOMRRTH S,

(6) zudLFirzy

FLETh56 REMLT, PuELF40cy R ol (1)DJ5EIC
b 14y RERT S

(7) JTH 119

Heg # v HeS & L, HEEECTMEL, HS & LTERT 5,

2.2 jggdhod FoEE)

2. LEioEEc X b, A, B, C3HomIRMEEM (Thd
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g 2.1 MO 149 OB
Types of sulfur in insulating oil.

i e g :
A # 1B # 0 C it
44 7(ppm) e ]
= 4 A W 2,800 6,100 6,600
PV R b e - S 40 — -
& F A z ES v 2,450 5,640 6,060
+ o Ty A ¥ 40 50 180
E O A A <5 <5 <5
¥ %+ o 7 7 4 F 5 8 15
Jt ES 4 E) 1 — 0.4 2
ks D i Ca 300 Ca 400 Ca 400

RO BTEI AT A, HIYAT A F, SRFAT v

JIS &Hdt) @ 1h tbEWEER Uik,

CHOOFMER 2. 1 KRT. COMRIDHLMIRTE,
MEZAMB D 149 DIFRER, 74220 FEHRKISTH Y, 34020
BE A KK LT87.59% (A%, 9259% (B, 9209% (C)
& O RHIBRDEERLTVD, Thb F4ozy BE 149 (ESHh
TRIPEUR LSRG E PN TwERDTHE, DT Ehbil
DOTLIHFLEL TR B 129 1E5WR, Ko HEcBRLTw
ShDE b,

3. #HLWIREARERS

BIfE, #EM A & OB ET, JIS K-2531 & Fic k b P2 X
NTr5 2, RWIRICL 2 MEMREOLDERMCRT 2L,
Te SROWIEE % EBHEIC M2 BT 2 A X ORERFTLCW 3
B, CNLORpE R TR E L BRERBREE, Il 50
BT, EORE LRI N L AR S Hy Sz Tt L,
ATk HeS % 45U~ BIICTERT 2, cOT L) EaE

S (149 D pg 0 WHIET 23 DTH B, F B o
W, FERE FRHCGETC X I b HERETH B,

3.1 & &/

BRI ONERRE 3. 1, ZORIEERE 3. 2 <R, F
3L & 1 mmex 1,000 mm DEEEEHE7Tmme & L, E3iE 160
mm ICHEME LD DFMEMAT S, O am i, H hAvgT
900°C 2 IRIBIE L 7e b DR EMT 5, BEIFRITTESWH OB
P t—a BB EACHT, FREOME - S#HA 2 263
KHChADdORMM L, PEEA N EEE FERcD IT
T LUARER A5z HRID 20, O FHICEEDOPI vwikEVED,
LR FEECECARLD X5 L,

3.2 # =

RO BE% FHHE T 5,

(1) H.S Wi : ¥4k NaOH 40 g ®fikiciEmLT 1l &4
Do

(2) 0.02MFeCl; 775 : #5% FeCly - 6 H,0 54 ¢ % 2 NHCI 1©
BWLCLLET B,

(3) 012 5aFnA522L o873y B UAFLASIz LT T2
lg #flikicENR LTI LT3,

C(4) ORI CroNuPuriby, Al I-vL A E T
TR T 2,

3.3 EEE%

3.3.1 Zo=ER

S a1 I, 149 REFN T B REEERS 0, BITAE

HFRHRD 139 (L EMOTHE & ICKS T 5 etk - 4% - Bl - 515 -

B 3.1 FasEes

Corrosive testing apparatus.

QR RE

@B 2 1
QP
@ixigEEAD
®H, N, 77 28 A0
ORBEAD
D=Havzr
®H.SH AR A

B 3.2 & & e

Testing apparatus for copper corrosion.

0.8

0.6
[
g
=~ 0.4r
I

0.2t

4] 1 i 1 1

Sug
3.3 140 Ol

Working curve of sulfur.
EBCRSLERDD, Thbb, Hy iz 5HAWET 900°C 2 FH
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oy IR 20 m 0% Ad, Ha iz &k 60 mi/min T H L
Fpils T00°C T 20 43T a0 BEITT 5o Ui HS Wl ® 100
ml 227523 KB L, #ikT 100m’ CHF, *o 110 25WmL,

0.02 Mol-FeCly il 4 ml & 0.1 9 S FLA5D =L o7 2v K 16me
w4, WRA 100ml 53, XL FLudn- % —toruty
10 ml CH L, 670 mp OWLEREF T 50 B 3. 3 WRT Rk
%51;:) 4 Bk T 5,

DEEPEAEL 1), DZEEEREAS, 14D fT Lpg BIFTHI,

C ORI g BRI L BRI CRS

3.3.2 BERRE

e 1 RZESS e B % o 7o B o0 B ML TR

35, C O % 100°C (REFRERER b, ()\C(G)‘D
SUEBEA X D B GRS B\ AEEED & (1) OT3E
15ml AND ., GHEERE, Hop LOBHTEAACTHEHRLTEL,
100°C 30 43FEliciE LC8all a1 2 X e, (7T)D=T 3w2
PELTEHEZ THA~EHL, (4)XY rero20ml W T oo
L RBEET B, BRiHE 5 ~6 HEB TV, [ LcRkhlETalc
P B, thife, LS B gy WEEHER 20ml FOAN, b
#(5) X b Hy iz % 50 mi/min T LR bifikE 700°C LD,
L D 14 EEWEEITT . It W% 100ml 425
529 KB LEMACHERL, Chwi#MIcsm LT 2esd8 e FEkic L
TUT, 449 B2 EHT 2, Kok 149 i (we) kb, MHER
ExRFERT L

3.4 BRAFVIEESHOBENE

A AR VT, THE 49, Aandzy B, Suos T8,
SHLoPAF AR, B Y EFE A30q0 & OBHEEEIEY, ThHD
B KN, TR & OBIRIC DV TS L, BRiERU & LTH
Wi 49 LEWE, B3 1KART LI TD S,

3. 4 CAT X 5 CRE 149 BIEFICBAERRTSY, 2pp
m AE LT b SRR R L, #3528 20 ppm DB FIC
50°C IC 3 \»C d 30 43 T 10 96 BEEDTLHE (4% AHE 2 %:J%ﬁ

TEY, FETHHEMAEAERRT C RIS, ¥,
ZOEEREL HSHES 0L Ebh s, H 3.5 OFRRHED
BT, 60 AMRE S CREARRM E & o ICETL, IELFABRS
BB, 6045L FIEAREEET T 75 XNBED 130 B oM %
[BEELTVwBEDORT, BEXELAEETL T AV,

3. 6~3. 9 EBARIL % 100°C~250°C D TR L X 4,

% 3.1 fFuEii

Standard samples.

4 F v f s B BT R fHF{;\‘(”&““%f
% % 4 & 9 |S 2| (5
nd 7 Fr i on 7z v | CHi(CHz)7SH 144 100
5% 3 A ian 7 v | CHa(CH2)uSH 202 100
n-F s EFv A A7 & v | CHi(CHe)1zSH 286 100
Y otest=t 7 FA Y7 74 ¥ | CsHirSSCsHur 290 100

Sn-FFATH 774 F | CHi(CHsz):SS(CH2):CH: 178 100

CZzme=n P47 74 ¥ C>——S—S——-<w> 218 100
Sn-7FFALFAL T 7 A4 F CH3(CH2)3S(CHz)3CHz 146 100
. SN

< v S F A 7 2 v { 134 100
N/ Ng/
A VAN

gy S FAF T o= v [ 184 100
NANg N
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LR S ER A4 ORI O W TEBR L @R TH 5. vhLor
{FHED 5 B U test-HoFLodLor1 £ R RAE &R R L, 120°C
G, 1B e A SRR RE R\ 1200C LRI B & BHITH

ﬁf'f“t'a:‘rb FEHE (A4S B Lt RT . Thabb, 240
°C fhir LD 149 KEECHELT 5, cD X5 R
et &ﬂT?}'ﬂEEﬁ LT, RTFElK SPLoes1r ® R-S-8-R @ -S

S (ppm)

50 100 lF;O 2(I)O 250
AR (C)

@20 ppm  @2ppm

3.4 5t F 4

Elemental sulfur.

101 S 1 20ppm

S {ppm)

4] ' s
50 100 150
BEfsl (min)
3.5 ek e Bk 4 it TR 14Y)
Relation between corrosive sulfur and corrosing time
(elemental sulfur).

200 50

20}
Dirtest A7 FLLHLTr AF
D D TF-A LT T AL
(OIS VA S v
15
E
o P
= 10+ @
w
5._.
&)
O I 1 i3
100 150 200 250
BE (C)

E 3.6 w¥uoe1r Disulfides.
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’r; ® @
&
~— 5..
e @
0 T 7 ]
100 150 200 250 300
BE (C)
3.7 ahdas ki Mercaptans.
10
= L
N 1 !
100 150 200 250
B ()
3.8 HuorqF Eo-FsuHLo-1F)
Sulfide.
0.5
& (OSSR
2 QN vFFTa

100 150 200 250
B (C)
3.9 FAuxu ¥ Thiophens.

-S- DIEEHEIC L D FEXI R-S~, Ficlt R-S-H % 8w s:F
L, BAWTR 140 2T 2RERELLNEH, COMBLTT
F A4 & OMBEOBLIED O 2 OBEAHEE NS, Lo 2FE
D G011 1 200°C (HEE TR LA CEREERE T, L
TR o TEMICREL BV A D, Auhtzy HOBEIRE 3. 7 i©
AT X 51 200°C FTRITE A ERVA, 200°C Ll bick B & 25
ICERESHTEHCS 5, [3. 6D S n-JFu8Lo-1F Ew < &
NMBEEEZRLTw S, 54020 ERIZ & A AN A {, DR
YFAozy THE 250°C TH b P2 0.02 9 FE AR EEICEFE LT w»
DICT &Ehvne ¥, FA0ou fHIE 160°C & 250°C e V) B g faid
BE% Melg U T T 3 i 100°C 0 LT, 14 O ER3E 1.2
LaR->TYBRETH D, @E LA LT e gag g
LEMEH LN AR ok, TDI b Fxooy HIBCK LT
LETHD T Lpbhbhs,

3.5 BEHOBERR

3.9 B R=Hoihic o, BESEE (49 & (1)
DOREFEE Jouk LebDTH 3, COMEEME, BEMirF R

2001

S (ug)

100

A

L
100 150 200 250
B ()

3. 10 iEmMomass (A, B, C#H)
Corrosion testing of insulating oil.

2 bDEFE—HEDLIDTHD, TOEAL PSR TE L,
MR D42 4D 5 13 BAICE R & BRI R w o & 25h
2bho Ak, Bil, CHOMBMOE 149 HiTEh ¥, 0.289%,
0.612, 066 %Ch 5, CHAfuFncit 160°C~180°C, B -4z
T, 140°C~160°C fHEICE VT, WPl g DA 3 25 h
D, TR COFEDLHR LiiiconT log S 3 1T DBGE% 5
Ow b THE, COPEEDFINZIEL 21C 2 BEEIICHT 5 © L RETE,
1 BRSO, BABaioM 140°C, C #itssaio 160
C, MEOREETCORISTH S, TRLETTE 149 T 3 {EE
THMRLUTTRE 149 AR AT 5 140 1LE8WC X 3 aRIERE L
EXoN D, #2 BFEOBARIER 140°C L L% A 1 160°C Bl Lo
HECHRL, WD 149 (tAWEET S X 5 2 tec ks
BERIEEZLLbID, LAL, chbDEaFEPEE LT
TR, b o2B D 1AL X 298, HA o A TBED
1AVEEHERE LAGEHE A Cov T Hastiz sk »
BETL T S BERB B,

L T v

MR D (A0 (L BHDIBRER, FATu JHS 90 %RIRDE S
AL, THOEMCHTIEER AR, HEEECHERT
ELLNTYD, FTTHE 149, SYuo-1F 8k EREETH - %,

e L7c AR ERRR R AR R TR RICERT B C & S EfEC
HY, Lih JIS K-2513 DMt B & o Lhisic 35\ C % 4R
B b,

z % X m

(1) JIS K-2513, ASTM D 989

(2) J. H. Karchmer : Anal. Chem., 38, 80 (1958)

(3) R.N. McCoy, F. T. Weiss : Anal. Chem., 22, 1,918 (1954)

(4) Ronald, L. Martin, John A. Grant : Anal. Chem., 37, 644
(1965)

(5) L. Loyd, R. Snyder : Anal. Chem., 33, 1,538 (1961)
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Novel Thermostable Insulation Materials Polyamide-imide

Central Research Laboratory

Shunichiro NISHIZAKI » Akira FUKAMI « Kiyoshi HIROTA

Polyamide-imide varnish of new composition and magnet wires covered with this insulation material have been developed. Its char-

acteristics have been compared with other thermostable resins (polyimide and polyamide-imide). The newly developed polyamide-imide

shows the thermostability close to that of polyimide when it is evaluated of the rate of weight loss by heating, mechanical and electrical

characteristics. Viewed from the point of magnet wire characteristics, it is found to have better advantages in its resistance to softening

by heat, withstanding heat shock, heat-aging, abrasion resistance, endurance against overcurrent test and solventproof character. In con-

sideration of overall features, this material is similar to polyimide but superior to other amide-imide.

L & » &

TP, EUEEEO qufot (L, B EOERICHEL T, EHE
PO 2T TEE TR, Hosa LLEOWH 25
Bl e LT, G8EL Y vyo—o BB, 3o FHEERL Hnb
TS, 1960 4ELIKE, SFEMOBARICHIE S h T, RS T
D EROVGEE AR Y, Ll gEMticAy, ch
bk E FEIEROMIEHENCIY Ao hvo2d 5,
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v Db RCRZHROTMEMES LT, fussf BIRCEE 2
DEENENDNLEELETH S,

DX sh fU1F DERCONTREL DLEAEL LT
%, XEbITY 2GRN & 72 O RUSHBMEALEPT, 72
wo BV s AERL, DWW THBERRICX ) Ruszf & F3H
HEODEMC, BERECEETCRIE®, $2nEARRETEPTO
RE®PHR EBD S,

Eic, Fres R A2 50t KIE(L L TOBRyqzr &35
WY BB, BER R B 12570 & 7y ORIE® e, aufiv B
ooy FIZFL & 7o ORIECOOBEE 12 1L, BickBe (v
57—t EDRED, 2auzF & pru ORIS®, 54 BAEkHL 7
2y ORIED®, sau1zf & Avors-t EDRIEY, Jau1zr & £
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LT, 19 S oz2 & LT 7 2 A L Ry1zr €2WT
BEF L, THEEEOT e b o CK-AT %5 3 C e TER, C
TR, FO—RIEIC DTS,

2. EUTIFEAL K CKA o—pEmIEE

2.1 CK-Al y=zotEke A

fyFz 1z CK-Al o=z O— ik # & 2. LICRT . UAFL
e b7z NoxFutol Fy % CEEREAECEF L 222 &,
g SCC LI T ERIC o ¢ e HEE LV, BRKCFTHED
BDTWo D TRED L BPRERELT 5.

o=z BkE LT 7 ATH 23, EBMHELTANEC
EATED, RY43 FEBICKATEOREMEEGE oz 2 RABL T, M
S Lc SEHC DT, a1 BEREIRIE ( AMTE IR b ) R 3IE
Ll BnE 2. 1 Th s, {yu - furzrqzf (CK-AD - R
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& 2.1 Ryrzfqzfozz CK-Al O
Properties of polyamide-imide varnish.

o 5} % #:
# it i} ® & 1822
i il FAFAT LTI F
NeAgFrvuld Fo
23 B (25°C) 50~80 P
0.98~1.04

H o (25°C)

. s < . « 1 5 L 5 { L

0 100 200
B OE (O
2.1 #H WOz D a1 B
Bond strength of polyimide enamel wire treated
with various varnishes.

10}

L 5°C/min

2

401

50l L I 1
0 300 400 500 600

B E - (C)

2.2 #£H 16 © TGA jhig
TGA thermogram of films.

P1_{2507C)

Al (200)

(\; CK~AL (230C)

)

i 10¢

= Y lzo0n;

20}
0 100 %6 30 A0 800600 700 B0 o
B B (h)
B 2.3 %Ki ofrue OFEEE (BEH
Weight loss of various fxlmb in air.
R 2.2 B oqns OEBREIME
Mechanical properties of various films.

- BB sy gk er Moy rqer | # 0 4 8 F
G g T ‘ CK-AI AT (A k) PI (B#)
5B B e
i v% i 9.2 10.0 10.8
i #H ke/mm? ] 5.4 4.3 8.2
W # # dyne/em? 3.6x 101t 2.8 1041 8.0 1011

10

PI (a5

)

{5

1 H { 1 1 !

0 10 20 30 40 50 60
g R (8)

B 2.4 WN#EHEC X MURoz( (Z2gdh)

Elongation of films after thermal degradation in air.

& 2.3 Ruzaf1zr CK-Al 2qps OEKIME
Electrical properties of polyamide-imide film.

WHEAHIEN | B M W | tand .
Q-cm kV/0.1 mm 1 %
#w b= 1016 20.0 0.93 3.1
Eﬂ(iﬁat a/§< zh)tik 441018 19.4 1.00 3,47
R os0&rom ™ | 28x101 20.6 0.80 3.29

UAER D, WIRLERICED 2IMEOETR2L 1 & v 5,
200°C BT 2D K12F XD 2T CRTHED, BEEHOX
WZ EERLTWS,

2.2 T

MEMED R FHEL & LT, SOMIIC L 3 BRZL 2 ME L 2,
BUPER12Foz2 %, 150°C-10%RY, 200°C- 3 BRI L L7 o
AWG DN TERGAIRIC X 5 RS * R 2. 2 1574, 2R
J480°C LA b BB aE 0, A Rupzfv1zf (AD £ b
T, BOMRRERR 30°C <, 600°C [l 2 s b s,
ERBRICHT 2ERBEARCTY, CK-AL 0 250°C (30 2 e

BTL W THAREEATE RU7zfrzf - 60 - RAI= - 5

&AL @D 220°C & THILTT N TR B C e ibas (|2. 3),
2.3 HEMHE

D46 DFHEIC T B BRI X OB L D T o st
R2.2HIUVE2. 4 CFT, fUrziqzf &, BEHMEE 50
RIM2F XY ePLoTnE,

2.4 BRAYMEE

250°C KB 24k XUl & 5 ZKFPT 2 BRI L 2= StiHc D
WOESMMERNE Lk, Z2O¥EE Wi LAiEsE 2.3
E LD, WITNOHLELTHHIICET 2 MHEE T A U3
BHoIT, BOEEIC < b N CHBIREE TR .
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3.1 —fEE

OFE, 1.0mm K@D Rups izt B (CK-AIW) O—ff
e RAES (Ru7= Fr= TR ATW, fyqzf i PT
W) &Rl LT3 3. LR, #k(t - AT PIW &4
B R L ATW X b ST CRTndo L LIksfif
BT, PIW »@leic, AIW X0 4->Tw5, MHEEFETH, 7
sf HOFHLICK b, PIW L b3 <Tind, AW X h{Ev,
Tif 2LAw - MibA A Mo (2 REMICHLND X5 IR

£ 3.1 [HATERO PR

Properties of thermostable enamel wire.

o Terqa vy Tord v xy 48 ko
1 (CK-AIW) ' (A J— A[W) (B 4. ; PIW)
<+ Wk & mm 1.0 1.0 1.0
ol E#E mm 0.036 0.036 0.037
WoMo®w oE V 9,450 9,500 12,600
&t -3 ] 88 370 i3
2 E it °C 500 Bl 420 500 b
b=t Yay?
(210°C-2h) [c3ES 1] % i %
(250°C-2h) 1 EER 1 P &) i3
@ % At
(210°C-6h) 1 EiRA 2 BER 1 SRR
(250°C-6h) 1 5ER 4 BERA 1 EER
g | TN =S IS B
Befe(S.G. 1.2) J=3 B i
Bl oy~ &
24 @%) B Jc jc3
b (10%) OB a 5 R

pIw

108k

o Ui (h)

10Ty

107

SRR TR

10+

W 1 20 260 30
MIEE (1/K)
3.1 #EEHOmMSE (1.0mm, 0FE)

Thermal degradation of various enamal wires.
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gr50av,

3.2 mE%ik

BB WTE 3. 1 1C, ¥ FRE TR LZ
BOBER  HER 3. 2 IR, RO - BEER & ORI
. HEICE 5T 2406 BB L AEOE™ERL, CK-AIW
X PIW & AIW QD EEEZHT 5.0

3.3 EERYS

B OEE D% BTV AL & v € BHEHE L. B 3.3
PbBIL AR L 5 IC, IEBIICES W CIERIEIIC & 2 280z 3
B, ZORESIIREIEE %25, 300C ¥ TOPRPHRE P
W Z IR

3.4 BEGSHE

PLADs b DB THLE— 1€ X B R~ OREIC b, AR
DBERIC LB AL OFEL KEv, B3.4»bUHLARL
51, CK-AIW id PIW tEIUIE ET ChTnao,

ok
201
;Zi; 401
?;‘f
Z
o 60p
[=]
<
{
801
L I |
O " 20 300
HoEEE (°C)
3.2 fEAC & B iR HERO T (24 Rkl )
(10 mm, 0F)
Torston test of enamel wires after thermal
aging for 24 hr.
1.0+
—— AW
—-—  CK-AW
o.sr 7T PIW
S
06
# 0.4 3wc/_/
’ o
0'2 ; e 250-C
= wC
200C
1 ) l ‘ I
0 20 20 5 . L N

B oM 6
3.3 FEEHOBEBRMOR (ZXH) (10 mun, 0FF)

Weight loss of various enamel wires (in air).
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3.4 HHEROMERME (10 mm, 0FH)

Burn-out test of various enamel wires.

L T v

o LWiH#E K7z F1zF CK-Al ooz B X UZh A bELR
S 1 BROHERHC DWW TRk, chbh it B L

(1) BRCHEIIEEIE LA,

(2) 2aws OFFME EKW, B <, RU1z s IKHE
,

(3) o BHEOWSLLE:, #k(l, BEFSECT Cha,

(4) 1=F BRI Y EEES IV,

(5) T 2ov, TAANER X,
REDKHELHL T35, BHE LTOREMASN: LT,

PIL CTHBGERAIR Ryps frf - B - FEIZ - J5H

PIW > CK-AIW > AIW
DECHE LELLNE,

TNLD 1, BERAEDEOERT - BET - yu- - EBT
£ - FEEE - i - wREERA WS L, NEERIL B
HEREL7ZZ 0T, —REMICBERIC X (Tif4 3 M43, BRoEE
Emn s A TAkEREHAR DD, ¥k, O RYrzfrzf CK-AL
DI TEMRIC 3-F408 LC, oukudn Suu b FRL 759 bMr—Ju
DitEtE LTHERATS Y, BETREBEONTCHIEATINS C &AW
BCE B, (FEF144-12 - 29 2H4)

% £ X i

(1) Du Pont : $/% 15 36-10,999
g 37-10,945
1z 38-8,250
(2) M. Prince, J. Hornyak : J. Polymer Sci., Pt. B 4, 601(1966)
(3) G. E: Brit. P. 1,136,535 (1968)
(4) Du Pont : K4\ 14 42-19,352
(5) Du Pont: U.S.P. 2,710,853 (1955)
U.S.P. 2,880,230 (1959)
U.S.P. 2,900,369 (1959)
U.S.P. 3,311,120 (1968)
U.S.P. 3,376,278 (1968)
(6) w4, RAr=: 14k 71, 1,565 (18 43)
C7) /bBE, B, #m, I mo e 14 4i8ck£ 3 D08,
99 (I3 40)
(8) Du Pont : #2y #343-15832
(9) WEL-30 @ 45 1E43-28,836
(10) KHZA 1u% : FFA 15 42-680
(11)  HHE v-3v BN 18 43-629
118 43-25,984
(12) P4, A= : 1{ 68, 383 (HZ40)
(13) Westinghouse : U.S.P. 3,179,635 (1965)
U.S.P. 3,371,009 (1968)
$%7%  HE 39-9,698
A 39-24,291
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Type DA Pulse-to-Analog Voltage Converters Using Integrated Circuits
Kobe Works Masakoto HASEGAWA

A speed detecting device used in the speed control of a precisely working rotary body ranging over a wide range is one of the vital
clements to determine the accuracy of the system. A magnet DC generator has been in extensive use for the speed detector, but it has a
number of drawbacks left unsettled such as the need of periodical replacement of brushes. ‘Type DA voltage converters introduced herein
are speed detectors with an electronic circuit making use of semiconductors such as transistors and integrated circuits which have made a
marked progress of late. They operate converting the speed signal (pulse) to voltage with accuracy of 0.1 % over a wide range. On
the other hand the use of semiconductors is considered to maintain long steady performance and to extend the time for periodic mainte-

nance

(1) s 2. 25

Fwma Rl (AR 274 5 BEomEmiticl, XK
ABRIBERRES (UTHEHEER) AedcEfzhThi, DA {3§§ 100 mm, ¥ 150 mm, Bif7fy 200 mm O F57(01z
C Dk 5 EIEHERER B AAERORERE, 0D % \WEE-F, whICEEBOINTD, B 3. 1 IETEORIE A% 2RT DT,
BHRTEOBLEBARD 2w D 1-97 HHEOHEL T 2D Fyod BEREA A-s-, HBRMH 2107, RPFIREEE IS
CHRERE W xh, ¥ BB Y- TREMNE J59v ¥4, 7o BEFEA ryo AR b TS,

DN L HORTFUELETDH B,

DA JgRirzsiass (LT DA) dismmBite AGOMELAL
HEEBIMIC AT E 2 5D TH 5, BUEHRHHI BRI F 7 B850
BBEBR MR THERS, ThbbrDER ALz DHHE U HNENHE
e LT3, DAREFEROEHC K> T, COER 2
O EEEE chic B L 730 BECERT230TH D, DA
DOETFEBE IC, vyovtsuuag, v Ivdtd-F HOFEERTFT
BHICHRENTVE, ¥ RIERIHEERD - EH-Thos
&b, MHEMS & ENTEZ ALz 2 BET2HDOTH 0D,

1 [EHEX A b OFEE ALz Bk ESICRAC L kY, [R-ByEi
PACHAT 2 c X CE B,

L F X # &

0.5VIAT

®AHTFOSEE

0 gy 10kH
E, ASERE :

2. B {E & % B 2.1 A-HEJ7 B i

Input-output characteristic curves.

(a) AW Az A o 4 0~10kHz e
f FiE/ A LIRN R O®
® E 01~40VP-P & k &
ADESR 2kQ Bl yox //
(b) 71 7+07 BIE GHR#4) DC 8V ®2. 1 21 ez D .
|
|

i L

(c) AFHEH 100kQ '3{3 ‘
(d) HEHRE 0.05 9% F.S LIy
(e) {mpmsk 0.005 9 F. S/°C e
(£) yudn 0.1% F.S LIpy (peak to peak fif)
(g) InEHE 25 ms LI (Fc 72 LIRIRIED 63.2 96 w5t
ERA2L <L
(h) Fyatk 0.05 9% F.S/24 h (JAIAfRE—5E) .
(1) ek 0.19% F.S (FRREZE b 15°C)
(j) BWeAMEE  —~10~+50°C 120 TheT
(k) iR DC 24 V419 2.2 I
¥y 150 mA Qutline dimenssons.

AR

L—Tj
N
t
152
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|
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3.1 HUmH A%L
Front panel.

3.2 PHEBHESE Guot
HeH-1)

Internal assembly (Printed

card 1).

3.3 PHERHEE (Suot
- 2)

Internal assembly (Printed

card 2).

K 3.2, 3.3@ JuobBHEERT Suuk KL IZIC D 5
-0 A9u8, AfwFod B, Dz BE%R, Fuo b HR(2)c
RYTILTEES, HBRIRRE, ARRRHAZN TG CoNR T
wio B2 23 DAzt B r-2 I L2 B D4R
RTHDOTH B,

L R B

M2—7F0d EHIRO FHIZ, A fuz 25 13 % Kic
Wil s X URHEN 5, 3 20b b BRI —E D 1 2
EBIEL, CHETFHRLCAT ALz OB AT 5 7105 B
IEZ1§2 HDTH 5, DA T 100 kHz Dk FiEm POEL,
NE 2050802 & L, 3ED IC pous % T F1oan J7ack
BiSI %, ¥ 7 B B ORI RS I X M7 BT A1 A—F Tiw
Twd, R4 11 Avz—7rod EELIBS ORISR 1o
928 Q D A=z 1€ IC hous DHAREIIE N, ON-OFF #iK
F2% OFF OFfellid—icd 2, QA OFF DL &, 1,097
JERR RIS e $F—414-F ZDy It X b —SB i e i 3,
CO L5 LT LD, ORI R, BEiE—eo M ALz
b E, M4 1(a) RQUAOFF DL %, M4.2(b) 11 Q,
7 ON O & & DENENEMAE % RT. 2D ORI, Q 2
ON D& & D 3L98~12 92 [BEDESE Ry, Ro 10l LT 40/ &
WOTHHLTH 5,

7L
_RixR,
SRR 4.1)
R,
—R1+R2VZ .............................. “.2)

GE 2R A4 3OHEFTRT LS, t=0 b ihE 3R

IC 1L DA Tgizstfens - B

Vee

Re

ouT PUT
Vs Ry Ve
‘ S
Cy

I I'i

K41 Apza—r7FosdEFE 2 #m %

Circuit diagram of pluse to analog voltage converter.

TOUTPUT

Ve

R

|
i

(a) Qihypgo D F

AN TOUTPU'I
T

(b) QA&

B 4.2 Jwa—7iod BLZEHEE M o Sk
Equivalent circuit diagram of pulse to analog voltage converter.

T o]
—4 & b
E~--
Ve,

v Veirn Veizn ) T e
2 Ve | 4t

N A

=0 Veizg Veisy Ve

B 4.3 2uyuy C OBTRIEORHIMNEL
Transient variation of voltage across capacitor .C.
5 HEELEM » © fua LT3, COMTEEIE Vet hbb
HiJ1 7F0d HJIEHD) i, t=00L 2 05 b E b > CTHAEX
NT, 1EBD Lz DBBICE W Ve(le) ¥ THEEEND K,
A2 AHE LT 2 HIc R 0 icEd > THEL, 2HEBD ALz
DREFRICIH VTR Ve(2b) ¥ THET 5. Rk 2MED fuz @
BRICH TR Ve(2) 2CHEL, 3HAD ALz DRZICH W
T Veh) T THET 2. UToh B8R LEKEKCES,
v Vene)-n@ED ALz DBFICE T 5 C OMFEIE
Ve(nb) oo nHE D vz DREIRIC BT 5 C DU BT

3
o e 4.3)
T—3
y:E .................................... (4 4)

&5 B, Velne), Vend) BRD L SiIcEb s,
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Ve(le) =E(1—e™®)

Ve(@b)=E (1 —e %) Vemens e (4.6)
Ve(2e) =E (1—e ) [14e @] i “n
Ve(3b) =E'(1—e=)[14e @ P]em¥  covrniirneennn (4. 8)
Ve(8e) =E (1 —e @) [14+e @tV g 2@ W] 4.9)
Ve(ne)=E(1 _e—w)k:f;o—:g-kuw) e (4.10)

L7c# 5T Ve(coe), Vo(oob) RIKD X 5 ICEbEND,

1—e®

Vc(°°6)=1—_”;‘(z—+[) TPV (4.11)
Vo(00b) =V (008)e™V cveveninrermaneniiinnnans (4.12)

EggREr L, CR»5, CR»T C@#AL,
Vc(oog)-__.E/% .................................... (4.13)
ZE o8 FV) oo (4. 14)

R L f=% ------ AT Az #8658 LR (Hz)
Ve (oob) =V (o0e)
e DY 7rod BIER AT Sz O FBEECILHT 5 < L b
%, R HBHIEERICSH L BEREC A 2 I5EEEIL 2T
i, %7 Volne) & Ve(ooe) DRRIZRD L5 ICREND,

%zl-g-n(ﬂy) ........................... (4.15)
Ve(ne) =Ve(ooe) [ —e "FH] wrvererenn (4. 16)

L7zhisT 7l=%l—z T Ve(ne) & Vo(oce) O 63.2%ICET 5,
CHICEF LI CRICE L\, Thbb DA OIEEHE R CR
DRI Lo TREZ T L BbD 5,

S H B R

5.1 it DA O EEHRE Jowy BMTRLED O, B5.2 1%
% OWIEREECTS %, @5. 1 © NAND1~3, NAND6, FFy~
FF, (x TTL 7% IC Tl L Th 5. KICE5. 1, 5.2 % /AT
BOEE BT 2.

(1) BBEFERE Avz BIRBOWNEMEEE T2, O
i B#E 5. 2 (A) IKRT,

(2) MBOEERZEE DA OHEE Fzuo T2 30T, UIT 4
FILT 1 ~10 kHz % SR 5 FERRBAE 40 BifO 2 £ 2 CH

B®T¥ 5,

(3) NAND1, NAND?2 i3 #h £higipiawbg, B
DI % 5 AZ N -1 BT 2105 SW Tl d.
SW % M fllic Bl i sl o W ras, ¥ 7 T filic il it
BRIERO NI, FhFh NAND3 A 3., LITORH
7, SW % MBlcBLzBae2nwTiih 5, NANDL O
BEE5. 2 (B) KiRT,

(4) NANDS3 [ fui-2 & LTEIWET %5, NAND3 Ol
BERS5. 2 (C) KiRT.

(5) FFyi NAND3 Ol C T twh T D=1 FF; o}
HITC ot ¥ D=0 %3 2YuIonwd THB, ThbS
E5.20S %< NAND3 OHi#I C 28 150 O & ¥ £ub &HTD
=1 ¢tn5,

(6) kEFIRREER 100kH TRIRL T %, AEFERFD
MR EE 5. 2 (E) K/RT,

(7) NANDG6 FARBEEOHITIMICE 5 A X i F-t [
- FF, o7 D chilfiavs, Tab b D=1 O & ¥ ARRIRE
OWF (E) % FF icBAL, D=0 0k ¥ LeWiT5, E5. 2
O S ¥ FFy D128 D=1 » % 55 b ARRBIRBOMT) (B) %
FF, K AT 5, NAND6 o H1giB# R 5. 2 0 (F)ICRT,

(8) FF~FF, i1 3 By i howz L, REFRFOM
1 Az wET 5. FF~FF; ol E 5. 2 0 (G), (H),
(I ieFET. @5. 20 REBICRT X 5 i FF o7y (J) kT
EREOMIT ALz 2=8 MELFHH L 2 % 10 1KLL FFo & U
twb T3,

(9) 2{sFus EE FF, o)1), FFs O ()  BK
LHT Az (B) % 3&tET 5, T Az (B) OFFHBEIRHIE 60 ps, 2
EERBERETEEE 4141 ZDy, ZDy T16~18V 055~
BECE s O CEE—REfit—Ee b,

FER(1)~(9) DWET ALz FERB O L w100 T
—ERRE—EOMII fuz () BELNS.

(10) RC p3BEr REBRBIMTEEMATS S,

A1) I Ava B & Ry, Ry, C THERT 5 0-Azo 1wz T
L, 7707 BIECEHT 5,

(12) DA OHiHiEEE DC 24V A S cH g, FFe, FF; O
FIRIRIC & o TR Ava (k) S Lic ks c e b, Th
BRI B 2 0FM veo t BT (L) THIEHBEIAR i 1.5 BRI
AT

Ccoay
R —_J"_—‘—b'—l
3 K| B wp P
& I [
TR z -:%E c L ]
100kHz G 3 ’}*J%\ZD o (1) = };
t D dlus, i
ZD. 7 (57
®is smigialipinlnly
RARE i (1 )‘ﬂ i(a)
1~ 10kHz G ‘3] i
7 A RARS (2)
0 10kHz| sy gy e G
©— Bl
B fz3 ]
il IR L
DC24V_ | IR
) Yy b opCsV(ICA) K I B0usm -~
5.1 Jowodttdss ® 5.2 216Ft—t
Block diagram Time chart.
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22 FRAFIRIE
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FFy, FF3 %3gHIC vewt L (H), (J) %0233,

6. EREFEOFE

DA D ¥R +£0.05 %, JREHHE 0~40°C [T +0.1 %L1
WEEERE LeDT, MBEROEEIC DWW TH 3,

(1) 0=Azo0ua BEEI 20 ms 1IC BACH B, LidioT
DA DISEHEE % BARED 63.2 %1CET 2  CORMcEDLT L4
20ms A 5B,

(2) tswwzzaLoz SEHIERE

R4 1D 52322 Q D ooz MMELRR 6. 1 ICRT X5 1,
Loz BHIC & o TZAE LSIC 5~10mA Ll Fick 3 & AR B
5. 2fwFud EEE LTHE, vz BMEERNE G X1FE
LnDTh 55, EEMEBHEEERRE s11-1 ZDy, ZD; OEEAER
2101 mA IR X TV 3 DC aLoa 3L Re % EEBHEHT
EERAT, aLo2 Wit I0mA CEALTW3,

oz EFMEED e DT 705 BER, BEsic WlRs —E
KOET T e ICADE, ThINBEBCASICHETE 20D
A DREIEE LTCRIFICEE LTy, E6. 21 Juos BMEED
IR ORERERTH 5 . FHIEE 20£20°CC © Lo BIFE
FEDZALE £5mV BT, zhi DA OiEstc 52 2 BY
X £0.03 %f#BECcH 5,

(3) t5vgza D 21wFus B

B S5. 2R L7277 Suz (k) ORI FF~FF; 3 X8 2
1wFud FEED 2qwFud BED 2 BIEREIC 60 us 1K b AV, FF
~FF; & TTL & IC %4 L7 D RS8R A » 2 35, F5u52
2 QA4 1 IKRT X5, 20504 CrC A-2 BREETT M L

0.3 +

0.251

Vee (SAT)

¢] L 1 1

1
0.01 0.02 0.05 0.1 0.2 0.5 1 2 5 10 20
Av 2 2EH Ic(mA)

X 6.1 avys SEMERE, 1voz BHUEH:

Characteristic curve of Vggsar vs. I

160
150

140

130

AL 7 ZRIEE Ve (SATYmV)
o
I
S
o
5]
)
=]
8
o~

FESE (C)

X 6.2 auuz fSSFIERE, EFEESH

Characteristic curve of Vez(sar vs. ambient temperature.

IC 4t DA JE#E L e - BB

T 2 wFud E#% 20ns BECT 3 LERD oo 20704 Ca D
AT oAEEE, W rrod BE 23 HEREE 204£20°C ©
02~04 %8%EW L,

(4) REMHEIEEELE d14-F

B- BIE8~9V, EEEHE 0002 %/°C, t+- BIiOLEBIERK
FHX 10£1mA T3 3,

(5) 100 kHz A& FIER

FHRRE —10~+50°C CRIEFEK O W X 2Hz, ThD DB
0.002 %TH - o

R B RER

7.1 EROEEHK

5. 1 @ Jowsdrtiss Kito TEMOBEERIGORIERER %
B7. liewd, cot & vz BiRRRO Biggu: 10kHz —#Td
%o 2MwFod EH K OBEHIBIXARIE LER 100 us, 8 60 us ©
CERBETH B LHbh s,

T vt b E5 L EERARY 16 BRIE 0 DRIER o Tw
2T ERDIB,

7.2 3K 4 1Tl bsiw22 @ O 21wFod Fitkx Cs
DFERZEL TAEL b DTH 5, Cp OFHEHHIE, TE, @&
KOBHEICDNVC A2, I2wa MBED FRE, THREEHCHK
LTHRLTH 3,

Cp DFEHF TR DEE, THROBIERIED b -2 BHEWD
WEBRTDTHB L Bbr b, TOLS BIRETRIESD 707
TRIEA BB 20420°C € 0.2~04 %W Lice 52022 Q %
WLz 7B ait Ce OBHRENRLETH 5,

X=10psjcm Y=2V,em

(a) BIRHEIEEEA

X=20 ps/cm Y=5V/cm

(b) BBIE

X=2 usfem Y=5V/cm

(¢) RBFIRHBE

(d) FFyJ

X=10ps/fem Y=1V/cm

(e) FFD

X=20pgslem Y=1V/cm
(£)21wFd B +5u022 Q@ ANEE

X=20ps/cm Y=10V;cm
(8) z21wFud EIEK

X=1pusfcm Y=5V/cm
(h) wWves+EBL

E 7.1 ES5.1J0wsd1tdss CART BEOERHEF(ED 1)

Experimental waveforms in reference to Fig. 5.1 block diagram.
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L RO T OB W

(¢) Cp BEROEE
7.2 t30922 Qi "-21z2wz FOBEEEY
(X=0.1 psfem, Y=0.5V/cm)
Waveforms of base to emitter voltage of transistor Q.

" 00710F 080150}

EBR Vow=AF+B

00705  0.80100%

B (V)
A (V/kHz)

0.0700  0.80050

0.0695 | 0.80000 . : - » '
—10 0 10 20 30 40 50 60
FEESE (°C)

7.3 Ava—7Fos EEZELE] o A R
Characteristic curve of sensitivity of pulse to analog
voltage converter.

7.2 RAR—TFRASEEEREYE :
A2—7T075 BRI T ERERs b kTEb ahb T &
Ao,
V= AF 4B oovvoveiinii (7.1)
2L Vow7¥0d BHE (V)
Foooo Rz #8098 U B (dbiz)

FHRE —10~+50C el 3 ZBERENA X (7. ) © A, B
PROEFERYR 7.3 LT, (71 B LBED A
L2—7F 07 BIELPHEOTE R £0.05 9% F.S T BB E
DI RIE & A EBT T, R FEBERE 20420 °C ©
+01% F.S LATH 3%,

630

7.3 WEEE

Avz O EmEs 1 kHz—10kHz, 10kHz—1kHz & 257 IRiC
AL X A, TTod B 2% BAK{ED 63.2 %iCi#ET 5 DICES
2 iR 20 ms TH o o

7.4 YyyTh

F40s BIEKCEENS oL &, Ava OREREIAKE T2
EHEES, Feoan MO 21wFud THEEND 2810 KD
BIED 2 BB E N, Ava @Y 1 ~10 kHz CHiE A
3mVP-P, Mi#% &ML T 10mVP-PYUTTH 5,

7.5 REEFYTH

ERRE R —Z IS, v ORI 10 kHz CHigiiE <
4T, 1EEC & 24 BEEEL T rrod BED Fyob 2EET
2 3B % 6 [ GEEEHVERRTH L000 ) #RiE L7, 770 HEHE
D Pyt FwnFhd 0.059% F.S LINTH -7,

7.6 HEAEREDHOHE

HilEERE DC 24V 28 +2V 250 L2 B850 7rod BIEDO B
+0.059% F.S LINTH 5,

7.7 BIEMEEE

DA BEFRIKCEWET 3 =0 2BEAAT fSLa DKE &R, 10m
VP-P I +T4OVP-PREEZCHENS, AF ALz FEiRRe L
TERAFHEAL, DA I COMBEI NS m ML BHEE
2 FARROHAE Y7o K AR, 20VP-P D {2 icZsifi LT DA
FCEREL, BMICRATAHFOREEEZTIC{ »E5KLTn
5o

8 & T U

PRk bbb TROC LA EMST b5,

(1) PeskmiERo M IERIGEBERILA L b Tn
%35, 01~05%DE/EE 1oL Zatrc &, RIREEZ(LE 20°C
TO5 %L Kot TEH0RRLNIEMERLED S LEDNT
w3, DA FEMMICERE vo3L 2R ERV L, FEREZELE
20°C T Py 0L % LIFTH B b, FRAEMWIC REFHEHTEE
D Lob ORISR L b B, & bICHEFHETRERE
SR S50 QTR L L0 RALELE DR L, DA R#EED
B AMEEE, SqDan XTHY, Aua—rTod BEELHLEES
KK ETCHKL TR0 b, RTHEEKECATs c L
HKTE D,

(2) AU SHEROREHZEMIGRAC LI XY, [RFED M
TR PR CRIEE - IR 2 v 2 W eEIER ORI ETTAR S T &
NTE 5,

(3) DA FAEMICHIESHZIHT S e BTERV, il
FOWHE LANEHFO RN E 7174 5 LERD B BEE, BERMEIET
FIFPSEE & DS B L EAD B . ChICH LCRRIERIES 0
B AL R FET S fua BEEAMERINLTWE0T, chd
W+ 3 e85 TES,

(4) HAAEIE0LY ORBMBRD L 5 AEHDD & TiT> .

(a) FEEEEHE LCEBRECEET 2 FEERMET 5.

(b) HERHEBHOAWREOEEL 10~15C 2E2 5,

(¢) Yudu FThoBEBIKSAE VD, HEFRFISE LA
w0k LTERT %,

(5) {SHEEEONEZE, Bk 7. 4 o> 1,000 i FEHEEEDVE AR D
HTEEDZ bk 005 9% F. S BIPITH o o
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Protective Relays for AC Train Feeders

Koichi KITAURA - Nobuharu TAKATA
Koji MAEDA - Kazuo TSUGAWA

Kobe Works

Since the employment of the AC system for the New Tokaido Trunk Line which entered into commercial operation in October,

1964, AC feeder protection has made a marked progress.

Further improvement, however, is called for on it when an auto-transformer feeder system has been taken up for the New Sanyo Trunk

Line.

To attain the aim the following two points are coming into consideration as the objective of settlement,

(1) TInput voltage and current waveforms affecting on the operation characteristics of the relay.

(2) Inrush exciting current on the auto-transformer feeder circuit affecting on the operation characteristics of the relay.

Ideal 1elays have been brought to completmn to meet the requirements and are outlined here.

Lo % 2% %

WD 39 4210 I BEHINIRIC 1 o 7 SUBEHTMRIC SR 4R
MRENFT iIc XY, —Felin ik L 7= 3o % 70 ERUDRA, 1
PHRBAIC A= booz BEHRBRINENBICED, X bict -
UL AEENZC L LR o,

A—b bovn TR R R R E LTELD L &, KD 2
Bl e 2,

(1) S~ ANELLE -
A B

(2) AP FouR ~ DA TS, R ORI 5 4
Y 7

CID D w B L 7 BRI A (R B A e B L, %

DR LICKE L A D, FEORFCONTHRRBZ 2 ¢T3, -

2. | B F R

fif o 200~250 km @A AR 2 E 4 5 FEREFE AR D
PRI EAR RN R e T 50T, L@ﬂﬂc%ﬂﬂ’fﬁmm &3 31y
UBRHEREE L O@OWE & 2, 1 g EmoRBEHC, i
HAEAIIEIE - BHAOFATY, FERIEA TBC T, Z D)
VR R L v € & MTETH 5O, fli, MEELAIIC I F 2
BHoTel I, HEBOTES 0wy LTLES L2y, HERED
B2 L (X e 3okt s &3, 2.2 0k 5
RASET, FIEARAERRO X 5 2ea st ng, s
o (ERB) & AWER (OTHRES%2E) BEREE A2
BFEINBZDT, HE LAV, Lids THERODIVER: &
LT, R2.1DX501c, TFREATFRIC 44 1—F @ik
K) TBCEHRL, BETUEEIENT 5BET, FiLA N
BESLVC e WERE Wz R L,

K2 10k5 2 8 ABSHENET 20k, WER
Aﬁomwwﬁmﬁ7@%?5%%%%%$?nﬁ;mm EH
D B &iIc ik, FIEORMIEATER, 1t bsuz ORTEEAEH
k3 ,ﬁwﬁwjm R 5 0MARS 5D, (BEKEICE, FHE
&A=t b5z ORABRAMEINDG ). Thbb, BB AE

TEHLIEAS, HEERROINAEIC G

P RWERT ()

TESZIEA o
U HiRA N8

X

BRI

L%._..__../R

2.1 gk B R B

Characteristics of AC train feeder relay,

G
7
2.2 H i
Example of fault.
bk e
ABE
ABI
FHBEEA
TR
E 2.3 g
Diagram showing the principle.
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HiclE, EEESREENTRERb0, BA 5 IEMKKHERTHN
i, BARBEATRCSHL, FELLBCEIPLTH L,
M2 33FE2. 1 OEHEEdh, LadHBRAERNRELL

Te (kR EE o0 MBI 30k Jowy BICHRT O,

M2 3%3Wdse, ANELE ANERIGZ ZhTho
42 BTy - FT1 %% C, EREo0 A0y HEh 3, PS 3BHERE
T, 24 FTI O e, 2OHHNE AT L LcBHER PS O

AL T, ATEF» B MM oSO NERE:
Brkocgkiinsg, >aaFTe FT1- 84888 PS Oiig,
AN X CHAERRES PD w54 bh, B HRH#E% B3
3o CDXS5KLT, OFHERELONTY, M2.10X5%
Rtk & i ZHEERRBEOIL D,

WEFER HOC, i3, #ERoR P IWEER % BE T 5 L Ak,
ANER G >oua FT1 OHIIEEAEIL T, #EERATE
WET 20T 2 2DICEBLEZIDOTH B,

REEAER A DN, O FAATRNEEHRNEF-D BEiEL T,
HEBOTEREBIC 0wy THo L, MATEFRMCE, &
T WIERSHEL TR 3 HABEEE N 3 © T, BERER
HOC, DWWek Getthe+ 50 7, BIEZEAESRIL R BEE
BTHEhb, DFHFREA—EREIU LFR LD, BT AHAAT
BHEZE NF-D «c X 28828 000 2T 2 L 5B L, T
o2 ¥EHEL T3, FClkc OFRARIR T ORE %, BEME
F HOC, i€ k h 4 - Tw %, HOC, i, MBATERIC & D fERRA
BT B RRERE L b, AWERL D KE GBET S,
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EEOTRREFEL AN EEL LN L DT, WRZEAER MK
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% 0wy T 3. €D 0wy BEENABREARRAREL T, NF
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LT 3o

3.1 BEZHSE TR

ANEREBENIICESRT 5EMT, i, 3. 10k
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HB. bbbDA, COHEREFTRTHERELRETER DT,
2412 BT 5,

3.2 ER7ALYFT
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BHE, tsovza EEO AT fof-duz LEATICOT, HE
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BEFR/NE A D) KMBHTEECT S0 MECARS L FICH,
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WTERTY ke, +5uTza BBOGAKE, HIBHETR, 1v7F
oY BIE - Y7oz BEXKEC X ofﬁ)UJEEHZ E JphpRcAh3T
LB B DT, Belhb (0) ORFIIHREMEAEbIL S, ¥
HiCHe - T, & 26-F 2R 2va FTr L9 RILT,

EFISHR RIS PR LT,

FEEFER
M.
I / \ I ) I
% 3 © - o— 2
£ ) 3E
’v,,, : E v 1l L v
3| E o E
(1) Gap CT (o) IR FHCT (=) BEAFHCT
(vu=nD) (Va=RI) We=3J1de)

® 3.1 CT [ &

Current transformer circuit.

I=k LA kay |

'
i
| 5

B 3.2 ER >z

(1) BEFIHK (D) EFjHR

3.3 FEME 2413
Voltage filter.
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af?

e

(N) E-ALb

I
3.4 JEhER A E
Detector of inrush current,
/ / T L
o /
. i 2
el
0
] %
/ %3
3.5 IR
Square characteristic relay.
A
RI.
(1&[B]48)
jXI__““'
S ==
(1&5990° = ix
/’4‘%'&1
E 4
0 R

Vi=—ji%I
Ve=R.I

Vs=—kE+(—Rs+jXs)1
B 3.6 il

Phase discriminator.

12
\2
e} f
15—
360°
-V
B 3.7 xobp oz Vector.

Tl D ZGH & AR BRAHE T RS - dbo - S - AR - B

BRI BE R 2 T3 X SBR L 2.

3.4 U ¥HEBREER NF-D

NF-D [ipglr, BREAERZ BRI 2EBCR3. 4054
LORELDND, (1)1, tson PEIBEABROTICRE2H
WHERCE TN, CT BHOL #iclk, BeAXFE2TERLT
HLTEERFHT DT, B2TE AMAR Dz Zrs BT B
bDOTH B, (0) @&, FAREHIED 42 Zre - T, EFHED
YERBINT 230, (M) 1}, BREARR, T—8FdHLc &
PR 54, (0) 1, ®3.1 oEfc, SEBE oM F
W2 hE%2iEL b 0TH B,

WIFNOFETH Lo, B LOMEX 20 (V) OHEzEM
L7 (0) DIIERE, ANBIABOSECE0 AL X5
L, #EFeAIc, Gap CT (O MA LY KA B XS
KL THb,

3.5 {48#53| PD

3.54, kL, 2, 3% ANDLME LT, WBREE
B2 L ERT, KEALEMSIARETH B, Yroaua i (X)
O (ReEl), i (R) o (BipEz) 2 kedhd, §
I, BIVRROTWEERE L S KE K A B0 RIT 2 %D IicE
L, [BhEZEATER (X i ki 1of—doz WL 3) ssEo—o
LLTw3,

B 3.6 i, il %482 AEHERSO Sows B % R T,
3.6 RI, jXI, E{3E 2. 3D 242 FTp - FTy - %403 PS @
Hicesh, FRLT

V[z“"].XlZ 1
Vo=RoI e (3.1
V= — KEA (—Ry+jX3)1 J

2185, Vies TXCEDOMMZ RN N TBRIHL T, H Sua
ZHL, D ALzl ORF-r U CRERE TS b 5.
LIRS T ik, ORF—p b1 fuaick b, —EHH (30~40
ms F2H) HNFEER owo TR X SR E LA ALz BIEMIEL
A DT, BT fua A% %0 CRKTESE PR GGtk vu-)
DEEE BN 0w TEIOTH B,

3. 6 OEEME T ik NEROEPIC, Vies TNTILEHK
W 2EHEP by ANHEL b, BIEORFEHLIIT X 5/
LT» 5%,

Ric, AJ1 Vies & LT (3. 1) %58~ 3. 5 OFfE L 8
Bohdc&ZiHHT 5,

3.7 F oty DEXSERTHT, 360 ED 5 L 180 o
ERTH 2 LOFRHEZHRT ZMTH L, {3.81F Vi
Hopficshz L&, Vol =V, ORE Vi diefichbrc %
AL (FCEOWMMESNE, LFUEET, TXCEDRR
H50T, PTT_CADHHMICDAREHTS), Vi TXCHD
MEAELSTEIRE, Vit =V & —VoDlicd T kv &
3. 7 #EIANEERCHETE S, Vil —Vi~=-V, D%
L, Vias DHvEDY S5 BT T <CI80 RN ER Y, T
~THDOWIEA AL Ju—- FEHET 5,

Vs —Vi~—V, oA i, 2F Vi 05nEid S
SMHZEDO—DRIB0 FL LAY, Vi TRCEOHRIAAEE
L, —EHT (3~TH, TLTET 2 REDL, /2911
CTEiC) Ava EHL, Y- OBEERNET 5,

3.9k T, BEEZ 1I0(V) b0 2/ a3l LTw L
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¥, ¥rC, WERATWET 2AREETRE, Eg R i
ALEHECIE SR o2 %, Vo =VypEiickY, ®3.7,
3. 8 DRI LTVERFE L 25 C EPHIT 5,

3.9 OfHEfG 0 % 0~360 JEL LT F1wo THiE, R G 1)
DOATES I LY, 3. 501 AELRE T EANHIAT 5,

¥, B2 E2E51CRE, 3.6 ICBNVT Vigs &

Vi=;X.I
V2=_.RZI R PPN (3. 2)
Vo= —KE+ (Rs—jX3)I
B3 21551
Vi=5X.I
V2:R2[ .......................... (3. 3)
Vi=—E+(—R;—jX5)I
LTRIFXVC 2R TE S, WELROENE LT, KB D~
B3 DOYOD 5 HLILMAMEERL DR, HALTVWICEEES
ThhV,

wic, SEEBKT 3 X URHKIEHE PR o FEIER 2R 3. 10 KR
L, UFcoORico»TEadT 3,

BH S AEMMcE e 2 huE, TOMMEY rsupza Ti ik ON
LAY, a9u5ut C OEE Ve, TIONm oV, T, OFF &
i, e CRy CHREBENDBH, +PV Kk BHICIROERSH
T, ON %D, TOWRECED, chiihkd, cokshe
%, psuoza Te Ty idEsgE OFF, Ty ik ON ¢ yL— PR O o
A1, RC B, OC JEEIRE% 0T, SEEIRRAWIEL & \veo 824 S O
i, ANTRTE GE) WD fuz ICHST 5,

V=R, 1

V1=“jX1 I

3.8 Rzt BIEREHI]
Explanation of vectors.

2o (3.1)’('!:2-‘ I
E=110V

IRF
E+V;:(“’Ra+fxa)l

S Va=—E+{(—Ry+5X6)]1

S AU e SRR & v, Ty ik OFF, Ve 23—ERRZRIc + ] ol
P ici#LT, TsON, Ty OFF, T,ON 2% b, RCIERmM, OC N o
_R3
Bh & 7 o CHEBRR T TWET %o
4. HEZRO2ER
3 B CRAMOBRH R T o7 s, CILb % HAK L b4 v
g% 4. 1L cRT. BRIl T3 KRS0 5 & 3.9 Rzpn BRI
4. 2 CFT, M4 1o, [2. 2 TilkAHEES %, E5IC Explanation of vectors.
THALTwBEDOTEEL I NV,
4.20 PPA 3, ANBEZRBERL, < UDWEcERT
Z[E%, SA W, FREFNROAN I-F 1~3, 4~6DANAT
RTCETH B e 2RHTEE, LD ik LAy #Hiigs, 2REC-3 s
asE R[]
REC &, 2R EhTH - ZHARBROKE RTIOTH B, i ,/I
BE 4. 3, 4. 4 CHEROEHERT. ”"H
s ﬂ T,0ON :
e
T, OFF OFF
el |
Al A,
Ve ll ' | { :
1 |
Ols
T= OFF ON
R,
T, oN OFF
T, OFF oN
(0) & ¥
3. 10 FEEpEo RE Time lag circuit.
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i

IS

............. SDi- -~ - -Re-
{1

i

5 oYt T4 115
i —
" < P
3 ot .
e e

4.2 FUEOBN
Explanation of symbols.

11

of AC feeder relay.

4.3 WTROBI (M)
Exterior view of relay (front view).

& 4.4 WEROEHE (h)

Interior view of relay.

5. MEROIHHE

PlED &5 BEE R Hho ke, & EHRIFIEEROBES KicEET,

(1) zu7Jf#E-- X=6, 8, 10, 12, 16 Q
R=32, 6, 8, 10 Q
(2) E—I¥E-3A LY +59%LIN
(3) BTfes----5A, 80 % 3Hniiic T 60 ms LI
(4) IFHEE-----20 ms DIPY

e D ZEHE & TEARIRAGHETERR - del - T - A - E

X

(5)

(6)

(7)

(8)
(9

THEED

PT VA<7VA, CT VA<2VA
DCW<6W

BT B 3f 50 %icT 10 9% 7udy-7F

30%IcT 5% 7usy-F
5f 30%icT 39%7udu-F

BECS BRfE--3f 59T 5% LI
IREZRATER -8 1 O PEEE 80 A ik TABVE

WAL

0~40°C £ T 20°C DD +5 % LIP]
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X2y 7 &‘;—Z)c
77502 5) Wby ic, ¢ OMEROERA LT, AAEARER b ICBIT
Bt b b o 7 CHREREEMTIRETD 5o

& # X M
(l) —“:?f : ﬂ-rb‘;“-i‘u Tu kl{l\?%@@)[ﬁ], E%%E}f%) 33! No. 3)
il R (% 34)
(2) duili, HE  BEORERRMMER(L), ZEEH, 35
5.1 2.3 @O No- 5 (1 36)
Tap values. (3) el ISR R R, B AN HE & A &
No. 131 (118 34)
(10) DC zem)------ 80~120V T 100V DfED 3 % (4) deali - baua"xa A PR AR 28, OHM (07 38 -8)
(11) KRR 100A 18 HEARAL (5) MM : RHEREARER-EN 2 A, SRR
(12) K& & 165 2 % 519 Bif7 315 40, No. 4, 664~667 (A 41)
(1) —rdH - EEE S (a3 ) (6) %2 HERAS « KEHAR & M ICHT 5 F%E p 15~
JRS-23422-3 B-14 AR 8 A iC k 3. 97 (1343 - 3)

(7) ZHEB|ERE « NHFOM & BB 21798, p 100

¢ ¥ U ~103 (#1344 -3)
DLk, o SR & BB o vk~ e 2%, A-t (8) :bil, &M, #l: 0% & BIREMERS, ERUE
bouz EBAREMATIEMCENT, M xBit% %3 2 3HM WA K%, No.o 1,228 (HFI144)

B3 e BAbND. CHBICOWTR, MRk»TRET 3L
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UDC 621. 316. 57. 064. 242

FRRKFESF AR LoWigg SFH U —X

EAKIEKER*

CHRE K BB LN

New High Capacity SFe Gas Circuit Breakers Type SFH Series

ltami Works

Shotard TOMINAGA - Shoji MORIOKA « Akira Ono = Takao YAMAUCHI

SF; gas circuit breakers were first built in 1965, and since then the number of the installations has increased rapidly because of their

excellent performance.

SFH series of large capacity gas circuit breakers ranging 40~50 kA capacity has been completed recently, covering the whole voltage

rating from 72~550 kV.

They are designed and built based on type SF gas circuit breakers now in actual operation in quantities with

marked results, being of a double pressure type, excellent performance and high reliability. Herein are introduced their ratings, construc-

tion, test results and advantages.

L £ A » %

SFefiz 0L 7 2 L« Wiz,  balEc s < IRH 40 45
CEDE 1 EEDIIA T CTLIBE, % OBFHA KT TR
ik Eh, 72KV ~300 KV {Th e » THAMICEES R8N L, 3
CHEERICHEL TS, $&, BRICHVT BB CRT
PHEEIC Z v o T,

o, FEISEDHMEE BINE L A #3205 (GIS)
DUFERES X CIANEAHES, RERZEE L« Wi ST L <
Wi a-h- B LENAIHC BT BRI AN C LIk o T
A2 Lo WigR IR L X, fHTOREARRIR, B FN
1Lk, ,li’fn..ﬂmi"“"i\ﬂrtfof B2 LeWigsid4 < L e Wigfio—

DX 5 HBIIFE %«5‘0 SR D b & 2T ik A SFL oy -,
KEHE SFH )3 @ 27 F %58 v, T2KkV~550kV CE2H
THL < B0 T 1i- L, b0 3 TRICSWIIC HALT
¥ DILPET RS A HE X 7o, SFH AR L+ Wissid 50 kA 8 iies
HiE U Wid 5 A4V ST o) -2 OFHFE 3 X DILERIER IC i 1
THAEEFME 20 E LT, Lol aiomsb, B, M
MALAEOWR % 37 o e KA R L « Wi TH 2, Tabb,
PITRICTELE Az s & BIE 2 BHED “ 0D Rk 47 L, BHERE A
2 FREDETEL S 2 FIC X >C 7—0 KT 2 HRTH %
SEEEAL, BHEE A2 BRXES 2107 & iz FEHHSICE > TH
Dy cffflchd X5k oTnd, DL ol JEC-145
MZ48%, o CBFHL » W, FAEHIE L & O ICBRA TREE
FE, F Sl L+ Brst- O & & 2 5 RESERIARE U« i 2
DA CAUBTES T INA LR D > TW3,

IEEREIC R ch E TIOlS DR R D3 T T ¥ 2 31
YeDEIERV R 2 BT L, eSS, MERETD 2
EVSKRLEE ST, 2 L+BiROMECICBELTV3,

27815 D 300kV, 25000 MVA %13 Uw & LTE&EAD SFH
B v)-A ROV TEENRHOEREGE 4 E9 A2 - CFEF
DI LT L, 30kA ZOMEBERY LeWid s Wiz SFL 7B

pi-F & HET 72~B60 kV F COBIED HADBEH % F2C hi-
T5 v PEER X e

* RFHIIE T

2. LY —xOER

L+ Wids® 2. LIiRT &30 50kA NI L 40kA @ 2 Flis D
5% Lo WD assiih s 20 ¢, b AL BA—TH 3, L
2 WIBD 17w b TEIT 1 140 KV 4124 %7 ¥ 120~204 kV JTICik
L« WiICRIEE S0 MO 5] 2oy 3 LTETRZ WA, 240
KV Ll EJHCRATE 20509 2T TH 2, 72/84 KV JICilE=H
DRI X N T2 DIRHE TR 2, 120~300 kV Jif
THEAWEERSE, SARTRSRY, PERE —0D ATy Il
A E N TNV ERRIC X » T e B 72 550KV JCl 4
T & WP U Ze NP BRI A D %, L WA 3 410
L THER, HxBED L 52910 ZEERXN 5 G AILERT
LR L CERE BRIV B CERTES, Tk, BERFL
PO 2 AL BRI L o TIHehid B o b v TE B, T hic, 550
KV FAZZG & U« W30 & QRN I A - M D 55 ASSHIRAHL b
k5 hoTwD,

£ 2.1 SFH vy-Z DX
Composition of type SFH series.

UoMisis 1 2 4
g Es e ] ; 550
REAEIE kV | 72/84 120 168 204 240 300 (525)
70-SFH |100-SFH|140-SFH 200-SFH [250- S’_H 500~SFH
® % ~50¢; -750 -1000 -150¢C =200 -350¢
100-SFH 40—SFH 170-S¥FH 200~-SFH ’250—~SFH SOO-SFH
~1000%  -1500%  ~1500%  -2000% ~25007  -4500
2=y MEE | 84kV 140 kV
2oz Sl mv i mv s st s vy | 5o
BA®S| 2L | &AL AL | BL | aL | aL | By
(H) 4E1 : 40kA B L » Wik # Ell 1 S0LA B L - Bi

3. =E &

M 3. 1 1c 168 kV 10,000 MVA @ %z L+ 22, [ 3. 2 1 300
kV 20,000 MVA @ #z L < Wit OMIBEE % KT, £/, 72kV~
550kV ETD Az L« MONBEE X UNETE2E3. 3,
3.4, ®M3.5 3.6, £3. LIGRL, Xbic 72kV 3ab 550 kV
ICE D RHEIERROER & LHaE2 5 3. 1 IKRT,
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iz Lo Wish
Type 250-SFH-2000 gas circui
300 kV 20,000 MVA,

3.1 168kV 10,000 MVA 140-SFH-1000 7§

fiz L Wres
Type 140-SFH-1000 gas circuit breaker rated

168 kV, 10,000 MVA.

o

3.2 300kV 20,000 MVA 250-SFH-2000 J&

t breaker rated

Wl SHIRE
T”~. >
_____ . Nk
= 2
T

NS

]

L
=)

#

HARNG T EEAT DY Y
1,

3.3 72/84kV fiz L+ WithHHEN

Outline dimention of 72/84kV gas circuit breaker.

N EYy s
y-nEy v

D
A
,
= : z
i =
MEILFUY
h @
HABE H -
Q: R
TaYy o }
géé“fl §
T
] :
FANG SV i

3.4 120/168/204 %V £z L < HiagsHEx
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\w@

If }L? by ABE AN~
LN

3

o 0

e - Y

1,100

G

HANG Sy JHENIS YT

3.5 240/300kV #iz U + BB Outline dimension of 240/300 kV gas circuit lbreaker.
D D A |
PR {
%
7’ - /e», Y
/é/ \ %mgaa\'u%ﬁ’ %
m o i > " W
g/ i \% /ﬂ% win %\\
Iy W P % W
[1‘ i
) S 2 - 7y
{T Tavy W ]
‘1 = f _ _"1
! =
| T
4 ~
HANG ST SHWEAT S
4 B 3.6 550kV fiz L+ Wieemnig™ Outline dimension of 550 kV gas circuit breaker.
; % 3.1 ER, SIBTER kU Ratings, dimensions and performance.
. 5 100-SFH [100-SFH 1140-SFH [140-SFH [170-SFH [200-SFH [200-SFH [250-SFH 250-SEFH [500-SFH 1500-5FH
® = ® B | 70-SFH-50 1 T e S N —1500! 000 b0 aeb0 . e b
£ B ®  E kV 72 | 84 | 120 | 168 | 204 240 | 300 550
E ' #A 2,000, 3,000, 4,000
L o+ B %R MVA 5000 | 5000 [ 7.500 | 10,000 [ 10,000 [ 15000 | 15000 | 15000 | 20,000 | 20,000 | 25000 | 35000 | 45,000
g OB R B % Hz 50, 60
SRR EEM B kH, 4.5 4.0 3.0 2.5 2.2 2.0 | 1.8 1.8
E o OB A E kA 109.3 93.8 98.4 131.0 93.8 140.5 115.6 98.4 131.0 105.0 131.0 101.0 130.0
M MR A kA 40.2 34.4 36.0 48.1 34.4 5.5 42.5 36.0 48.1 38.4 48.1 36.7 47.2
ZM L - B MM 340 3
AT AMBS 0.1
® o oH 2 E | B & 15
kg/cm?g i T )
O OB E s E kg/ocmig 320
EHs TR FLEE DC V 100, (110), (125)
EREAMYEE DC V 100, (110), (125)
8 B & B 70 100 140 ] 170 ] 200 | 350
oo e R B I
L - B A M 1 1 2 2 2 2 2 2 2 | 2 2 | 4 ] s
F i g f kg 5,000 10,900 | 11,500 | 11,500 | 12,100 | 12,00 | 12,400 | 13,000 | 12,700 | 133300 | 28,800 | 30,000
. OB E B ®EE ACV 200, 220, (400), (440)
§ A 2,250 3,200 3,400 3,700 3,900 3,900 3,900 4,100 3,900 4,100 7,800 8,200
+ ¥ mm B 4,200 4,800 4,800 5,650 5,650 5,650 5,900 5,900 6,100 6,100 8,700 8,700
W 5B) C 2,300 2,750 2,750 3,600 3,600 3,600 3,850 3,850 4,050 4,050 6,800 6,800
D 1,400 2,500 2,500 3,000 3,000 3,000 4,000 4,000 5,000 5,000 8,000 8,000
PP REE SFe iz U 722 SFH oA « Bk - 785 - K05 « 1wy 639



4 EES LUBE S

4.1 % &
B4 1 120kV LI RO L < Wiswo #8% % /R 7, 3.1,
3.2, 4. L H LN & SICTF au0 RIBEC LT 2RO E

@y rs b
BEoavx2 b
iy =PE A

. R
MEyvaRy 1‘\
[P A
HEAHay F
avFIMIN,

NI i ,l ~ 7=z

Lt
7

SF# AW EH

|LER

HRE A I

% 1
TS it (B) U s
B PRA D
plpedres s
: ’ . BIEE | ) = .
ko v I e S DR —~[H e — / = ’*
LS EAD S 7 . e ——

-
—,@_:. o e 0 SF.# XABEH
no RO Eh S SFe# ABITE
\ - BRAEME 0 SFo# AMREE

JBI£320kg/cm*

4.1 Lo BimAlsHS

Cross section of main part of circuit

4.2 120kV DL Lo SFefiz L« Bidiiom s mg s

Operaling principle of SF;; gas blast interrupter for above 120 kV.

Thir
ARyl E T LIk R,
1. AEN:
(1) AF:i1 &
(2) AH1 % T3
(3) ¥aH:shAs AHo - AHio~AHs
4y AH; U5 AH: (61T 3
(8) #Ems AB>AH~C
(6) Cs &ML 2 Cs T Cu il
(7) &SI
AB->Ci-N (Nt Z#HIL3)-M
B/MiEE 2 b BEFIRA

B 2. BARSS
(1) PHEMAHs~AHu
Cs L BiRRlE (2) AHo #BIL5
(3) AHs %#f'Lx¥ < (BTRMED
3. glERF LG

(1) AF: %
(2) AHz[¥, AH; o WE#ZR
(3) AHs# (BD) AH.® (BD
(4) Hii AP->AC—A
C3. Cs DFHEZHRL
(5) CsH=>Ci () Cs 5 G
6y Nomzid, #FliN-C->D
7y N1 TFE () #ihM->N->D
(8) JUHioCAHIC K DEHELE b v ERL
W
(9) (&7 D5 & CaN1 il
L3

I Wi, & o |@w  # N o o "
|utervor | C |y~ FB | WML AL | g, R o Tl | AHo | EABIGIS

Tap | TR A D lwses |G jmEn | M lmmEsvex AHu: | S GRARHIL
AC | mmit Dy | I | EARA LT o | N | s AH( | i AP [wLs
AF: | RAMGE=AA | E | ®@mEsr7 | Jo | GRE W | Q | Fvvawst AHs | #Hnht Cs | st

AP, | HIEERTUMEHS | pp, s A4 T AG | #&%h AHo | k5 Ci | #ES Y v FRbT
B | Mursonv—s| AD |Faars | si |BEXLGFHES ag, [pan AH, | RASEME Co |Hmppexty
4.3 JFERERE (—HD Hydraulic oil system.
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1

b

‘%Ww\) '

WICH L7 52 2 F IR LT L auo ~FET 200 A2 JE #H
& X ORISR RS T T3,

4.2 HMEOEE

4. 2 MRS OWRE B & R T, IIRE R Y 15 kg/om2y
DEIE fiz PICEHI, U+ WiEHC T 0o b A3BHHS G~
TEhdeebBEE 2(h) KFRAND K5 CHG) 3uao b FHi
DY IABADI, FIW) 3020 b oA HHICTEH 52 FIAELILS,
WE B guao b BICHEN: Ui 70 & AL BIBET 2 ED) 0o
ag b PR & AEN T ATADR, B4 2(c) IKRINBH
R IC I B o BRI U & TR B 1o BB & 20 ¢ % ki
BT, HREOMMOMERIZELLE 12 T 2 auzor BICHE
Heha,

4.3 HIEE(EE

& 4. 3 KHERV R O — 1 2R T TR 0L 2 5
DA%, HHEER TR T ILE § DD\ CRPBESH O & ICifE )
VO BB LT, ik — RS TR R R 7 5
X5 l, HMILEEs)EELEEM LL, SR ASICL
7o

4.4 HREH

4. 4 fiz RS R R T . AR X Rk f2 EE 4. 4
ICARENS XS ICHEME, S E2ilio TF guo ~HEN,
H2 BRI X o THEf N, B L auo ~NREN D, D H2 T
R OREEIEER 4. 4 1CREIID X 5 ICEEM £2 FEIIT B
T HIREREIED) 2105 IC X > CHII X1 3, EIERO S 28505
CETF L e FICEHEREL, FaEAF IV 23T LIRS
HBET B e DI h T OMREHHEIETST 2105 2 XN 5, BB
S 24 wF I & o THIHE N 3 SFy iz OB *E 4. 5 1KRT,
COMBMBIRERZM L BETHEICEER—FICARS X 5 2l
HENZRL, —ED L - Bk HEELAATET 2 30T
%o XREOIEGIHICEER Az BT 2 D2 <ABIC fab-x
KE->THBOLLNWA A2 2B ¢ % Sy KBTI LTV, #iz

CE-a BEU Jor ORBFEILICR Y-E2a0t BEH TR TVE,

FIGRAE SFofiz U< Wi SFH oy - « Bk « BR0 - AUF « (P8

WEH 2 <=3 1RIEBL L D AIEE~
P Lodt (REH) mm HEH20%mE /
#_Sq Eaf (He5ha) B Ane Sy s CBTDF 20 P
s 3 GHE — % - g
ﬁ $2 - \:n SIEREH //:_
2] % =z ////
# 5 o
Y TR R - & L
gy T P G -
¥ = : ! EN ///
1 I N £
L A ; ¥ < T ez s
4 i I ////
£9] e LU el
! e ’/‘\
‘‘‘‘ - ‘ = ] / RESHRIE A
WER = L1 (261 3G [ 10
£ HALwF 1,&&{:"] T =5 EIEN R 63G, 63G. i
EHE B arrm hUEH F-EAZyl BRI
| 75 isfsy TTEAZ R EHNAAY ,1_!
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Gas system of SFy gas circuit breaker.
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Pressure/temperature characteristics in Sy gas
circuit breaker.
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Measured moisture contents in SFy gas.
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Results of temperature rise test.
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19 30 - - Temperature rise measurement points.
£ 5.2 YEETERG L e bl Short circuit interruption test.
| tmmie | smr | s Ue W& | moer | sewn waswe | 7 -2 | Lew |8 A
I B i R i T s ’,_11',‘; il A T |
| i1 % kg/em®g * I;FK BN o £l b kV kA PArn | AN kg/cm~5 {
oo 55 0 96 15.5 - 0.4 2.5
7
0.35 \ : e B I (S AN et R (32°C)
co 100 260 P 53 42 92 15.5 160 0.65 2.75 140
L S [ e e s o - .
: .
co 54 3s 94 15.5 153 0.6 2.7 2°C)
)y Q) RPN 60 He
& 5.3 JEC-145 1109 &S00 L 4 147 245k JEC-145 1109 compound equivalent interruption test.
| wERE e | BRI | BRI L S ﬁ!r i il BT A 5SE I M4 W W WAER | T — 7 Low B L& A
ﬂ“ﬁvﬁ’ il % % (il JL ] Iulrilt;‘l S5 A1 S e )L“:m W , A , i | o i
[ 7 % | 9 w kV Wi KVips | < Y4 s L A ra | kglem®g |
i
o 53 0 97 101 — 0.5 2.6 é
,,,,,,,,,,,,,,,,,,, ] SRR P R S e e e IESUIVCRN|
o 100 100 =P 53 0 97 101 28 | 17 1.36 — 0.4 2.5 :
,,,,,,,,,,,,,,,,,,,,, 2 o | 13.4
o] 53 i 0 97 101 E - 0.45 2.55
GE) (1) B 60 Ha
= 5.4 B AR L - Wt Step out condtion compound equivalent interruption test.
stwm SRR L oo i J | g WA ok W | mawm |7 -2 | Loem | A
_J:E:? fr | W ;;:;L“;) ‘““%/L & xjvb | ‘H'}‘ LN AU AR
# i3 R o KA s e < Vins i < P4 7 | 4 A2 kg/em?2g
0 26 0 97 173 — 0.45 2.55
! 31°C
o) 100 100 —p 26 0 97 173 2.4 1.4 1.64 — 0.35 2.45
2 13.4
o) 26 0 93 173 —_ 0.5 2.6
{8y () REMB 60 Hz
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5.5 ITIEHEMISE BT L < B Short line fault interruption test.
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Typical oscillogram of short circuit interruption test,
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Restriking voltage waveform
under compound shortcircuit

interruption.
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Restriking vo]tage waveform
under short line fault condition.
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States of contacts after short circuit test.
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300kV 25,000 MVA type 250-SFH-2500 gas circuit

breaker under test.
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Noise characteristics of 300kV type SFH gas circuit breaker.
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Block diagram of automatic coil handling control.
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Block diagram of automatic coil handling control.
# 1PLG
TS v F
G DI
X
] 1
b .
4 i ; — pnEs
| — l
| i —
z b i_adn 0[ 0
v Ryl ! T -
L: | T ]]) M“
f - |
B £ 2PLG
sz
AN H -

2.4 EHB)a1uAvFILSF0wo [
Block diagram of automatic coil handling control.
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Block diagrain of automalic coil handling control.
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Block diagram of automatic coil handling control.
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Block diagram of constant entry angle control.
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Movement of uncoiler mandrel.
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Measurment of strip length.
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Manufacturing record of automatic control device.
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Thyristor Leonard Systems for Strip Processing Line
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There has been relatively backward trend in applying the thyristor Leonard system in the strip processing line.

The main reason

is that the controllability of high grade has not been called for with the processing. The latest marvellous progress in the iron and

steel manufacturing industry has changed the situation. The processing line has turned to be of a large capacity and this in turn has come

to ask for high speed operation. To cope with the situation the use of the thyristor Leonard has come to the front to satisfy the intensive

controllability. This article introduces the theory of this system and describes problems encountering the operation of the device.
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Various reversible drive systems.
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MELCOM-350/30 On-Line Debugging/Simulation Programming System
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The on-line debugging/simulation programming system has been developed for the process control computer MELCOM-350 model 30.

This enables application programs to be developed and tested on the same computer which is in actual plant control operation, or

tests the operation of any program in the multi-programming environment simulating the assumed process control operation previous to

the actual installation on the plant.

the computer center.

This makes possible quick development of new programs either on the computer in the plant or at

The simulator is provided with abundant convenient and powerful facilities as debugging aids and for program simulation.

In this article are described the function and the internal construction of the simulator program.
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Machine instructions to be simulated.
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CHAIN, LOAD, WAIT etc.)

(2) zial-vay BREETEEERL 2 v b o No Operation
L%, (AVBL, UNAVBL, LOCK etc.)

(3) wzal-vusy OFEHLEL D Oh, BEOAERDEL,
5z aU-Uny MR D O, FOEFERLT 4v-2 DIREH
5, (FORK, AISCAN etc)

3.4.3 AHDEEOY T2l —Ya Y

—RED S0556 RICEEND AINNEEE, Jodsse OFFTHIN

DER T HET BB HEAEEICARZDT, TELHRED e
gzaL-t T3z EAEE L, MELCOM-350/30 @ A1 Jo
£z AT, XYooy A, Fezo AHVIO 3SEEIICKHITE 5,
CNHDAHHTED v2al-vey HELDWTUTRHE~2.

(1) Jota AN

Sota AR, 2 LTHmomiBEEcE T Tw
50T, yial-vay MICCRFEEEDT S C iﬁ’fh‘tt gl
Kb TORBIC yzal-2 &, Jotz AR
€ 243512 #AEL, AMNERRS NG BBINIC 2 o fCHRE
L, Fu31o dilJﬁHI'\ODEFL%‘iZ%IUJw“Gw %

(2) Ryzzsw AHA

Riyozsn AT 1k SRS OB E RO EREIC S Z L
WOT, Sota AIO K S ICHROMETRET 2 Ll LEV.
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EXIO (WRITE DISK)

LfNV 8%l
JHEEICL D o —

= F—xmih

B 3.3 5420 ® vzal-vay
Simulation of disk access.

yzal-3 BEE O, I0CB (I/O Control Block), #+215053
b6 D Froo (FFLRERSED) 270 otk RO ANIHEAE
ICqT2 2%,

(3) Faz20 AP

F422 ADHFOHOFIIE, Au510 F-2 MHIAIRL TS
viab-vay HD Jodss 3 F420 AMNERERL TV 84S, <
NEEEETEI LB - BEABEFECLY, du510 F—1
TREOPBERCDEINZBZNAD B, Jodss DEBIEICH LT
5422 O 7002 RO F100 QR THRTH BN, ENOHRT
B Au51y F—2 fZ EHIVICHIET 2 42510 Sods6 3L T
BA+aTH 5,

HHERDTLDLLIZEUARNWT, L Fe20 DILIEOEL
CEHIC 7002 TE 3 X5 ICROHTHER > TR D, TAb S,
3. 3THRT LI F4ro WD 9-Fu51Y7 ICEHE 20 S35y
J, 702 LEWHBONEZS o0 U0, COSUHHBN~BLT
Qo viab-2 BEHTA~DO AR BT 3 &, HIEICEHY
FA27 PED 70L2 KT W PATHE 197 ORBERCHENDZOF
vwens,

ANU~2 RIWRICFT 1R, Sods4 T 7oe2 LTWE F43
27 D% 22uF TIRET B RTT, MWOMAKE 5 X v 534
2 BHEMICITR S,

3.4.4 HBHEHOSIaL—valr

(1) 2050F Auf 17 @ v2al-vay

ITATY D 2759F RAwl TU7 1K ARV-5407 2256 (BT 3 o
AFLEEBEINTE Y, S LIWECHE 5 T—HD Sod54 7
BBMEND, ChIKKT 3 vzal-vay Hikd LT, 3% 5
THENAD 2050F Kol 4BY ~D 7002 BPi-T B &, LU
£ v2a0-170056 BIEORENREE FCEBHT 20955 ¢ &
%’Jn‘n LT, BiE7FL2 E2DHERBL-U® 190 F KX »C
» D2alb-8 WICHHEL CTH &, 20505 Aul © roez I
TRHRINEZBBT IRV i L oTn3,

27%0F fwlf D55, JLBEREIROEFL > vy 34
I 7ot DAKERE DT, vaa0-2 2 EEIRIC

47&*?:—*r\w

D

BEL A-2 D

;J\‘{Z,{/g::é‘y %,’é‘lﬂfl{) 5,
(2) LG AR (GCA) D yzal-vay

HE GCA (Global Common Area) }3 S04 HEY
D F-3 FEDEVIC 37 HEFBCHRT oM TWE DT, #u5
1o JHD J0d34 & F-a REEN TR D, v210-vay BHCEBT 3
GCA ~DEH 702 %, F120 OEBE L ARG AT TR b 7%
Wb, B3.41IRT XS5 F420 D o-%,51Y7 IWEEL GCA

MELCOM-350/30 #-,5 ab—2 AT - IR - T - R

Lo
)u

Fom s A

Lo 7 R

% (GCA)

3.4 MaEfEEio GCA © v31L-vay
Simulation of global common data handling.

® 3.2 vpzal-z il oo
Commands for simulator control.

= = v FoBR B fié

ey aku~|F

LPR, XXXXXX {1}
’ P lol” 1t Pk b, 0: u— FGHER

Zi—AX%u—~F

1
LPH, XXXXXX, { }
0 Tim=Fih—nt, 0: w~— FikfT

END. Yial~2% QUIT
STA, XXXxXx. e & R TTIILS

RST. ST T 5 & TH B 4

SVC o bE—~FiCe s 5y veapd
HLT, —.

HLT.

SVC = MHIC SVC w2 0 %A% » L
CHATIGTH

SKP.

PGS, XX XX, XXXX. GCA @7 7 & =TMEHR 2 5 F

TaZITACTZHALTCwET 4 A7 R %
BWE, SHT OV PDS, ———e.
DA T EE WS

PDS, XXXX, XXXX.

I T e F Ay FT o2 2R WTHE kit ®

X X X X
SCR, X XXX, { . }
< OWHTDHERZ T »F 5 FVOREE+ » b

T 1Ay LoREL GCAIOT A X2 ¢ »

DAL, XxxxX
3%, PGSR coflNch st

2wy FANEEE S~ F Y~ % (CR) ¥ 7cid

STW, {g?} #F—7 9~ (PTR) iC% » } STW, — -
WEATT4 5
c [P AP ae—BEEIA LT v 2 (LP) %
SHC, { }
™wW ZREATIA L (TW) K v b
on ==y FATIS#27 CR £ 21 PTR o & &,
LOG, {01;1?}' AJIm v ¥ DEE SR

ON : B¢, OFF : %2 L

HHEBRTC, ZCCAFZ S IBLTHL, vzal-2 it GCA
FoER BERAM A LT Fa20 O GCA il b 34T 2 5
0w7 % 37 LOBHUGCA fHIB~FHAAL T, O Joyy NOFIED
W% 702 T B XS KMHED AR5uF 7FL2 2T DAL TR 3,
WD Fowy B ICHRA TN BT 07 DR GCA ik N
B F420 LOEHE GCA JHIBOITEOWE~E h, HEHOR
MWEFT 2 L3 TE B, 72, GCA 702 D F420 DFiH
HEMREHDL T ZVIC, vzal-2 AOSHE GCA fii% 2 M7
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7, 5422 DFL GCA 2 b RHEICHIAL T & 1T & o TUHEED

M k%E>Tw5,
Bl s el Y i

yzal—2 2 EICTTR 5 72,
AR—2 it GCA 7oz KL T vza2b-2 WO EHY GCA fHIROTF

R T o ST DT R,
3.4.5 L §al=—a LHIEIER

y320-2 PIWEXE D DTN EG L5
DFEL TS, ThbD a2ul &,

B EEO T c e 2 REME TR DL, FATLS Dlilffifaae

LTHw3 D L KpEN 5,

R Tic

BEAE L BLEOB W EIEORIEA 2vulf & 3. 2 IKRT,

3.5 oL sk

Ju0dse FAELS OWESHIEEBOBANFRCEELrRE T & &
HiC, votozy BREER LOEDOREARTTLH 5, A
DEERALE 40510 v2alb-2 DEHTYH Y, BEROBBLENL
TTEBRIFEE LR FAELS BT R T o TORRET B L

LEADES RATH Do

# 3.3 FAJ Havul
Commands for debugging.

HHE EE, a9uf
y3ab—vay EDZHD

BHL 72 vzab-vsy

2<%y FolX

% 113

AHn, XXXX.
AHn, — AH, —.

e N eFheR{Ta—2rF n=1,2,3
®ifLix AHn, — ¥7elt AH, —

TRn, XX XX, XXXX.
TRn, — TR, —.

FERENCL L GREETLLE, v
PREADONER X7 n=1, 2

"BTR, X XXX, XXXX.
BTR, —.

BEMBANICH S 77 v FREEHETLE
LE, VOREXOHKE ST

MTR, XXxX, XXxXXX,
MTR, —.

AF~Z Y F7 FrasiEgElnesd s =
FT RS EETLAALE, VLIRIOWE
¥ T

DXn, X XXX, XX XX, XXXX.
DFn, X XXX, XXXX, XXXX.

IRETHD M4 & RITFICH ERIRONR
# ¥ w7, n=l, 2

DX 16 #3575, DF @ifshBsip

FryrHoezd »FE2 Vs b

DXn, — DX, —
D¥n, —~. DF, —
CSwW

CCS, XX XX,

RGa, XXX X.
RGX, XX XXX XXX,
RGF. XX XXX XXX XK,

2yvF g vava—~FEky b

BUSRRLT— 2Ly b

a=A, E, 1,2,3

RGX=Hexa., RGF=Float. ©FA v
A R{CH o b

RDP.

BUVVRIDORABEE LT

BEaTARYVICT -2 %k b
a=X. F, D
X : Hexa., F : Float., D : Decim.

CDa, XX XX, XXXX,

i T HRONEE LT
a=X, F, D
X : Hexa., F : Float., D : Decim.

DMS, X XXX+ XXXX,

T s 2 ABILT~2ELy b

DDP, XXX X, XXX X.

BEF « A7 MRE X7

TTC., X XXX, X, XX XX,

XX XX,

BT 4 R o BRO NG & IRE S TR~
it

TTD, X XXX, X, XX XX,

XXX X.

BT TRRONEEIRET 1+ 27 PR
A%

TIM.

WA ENGY 151 itk o

LTS, XXX XX.

EITHD OB E € » T

Ripn | razxiy»F4 ON

WkD 7o v FRedifiE, Fv—2f
®~-FEh?
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(1) Rodse ETEOH LW 3 EENEE 5.

(2) -2 & 105k, 1668, /MR BT AJTAT .

(3) WINSHRET % 2 2T W0 H B iHy gL, &
BV ERBCTY BREBATED T Lo

(4) -z HIFEER 213512 DG, TEABRZHIILE
WS ICT BT,

(5) ADEEHRMAmCRE SN, LD Jodss CHEEFLEVa

(6) AHMNFEBOTHEL REIICTAX 5,

(7) 2EEDb 2200F 923 BRTH FAuJ TE Do

(8) wvial-v=u BfFH, EEORHAT i<v-2 BAATE S0

MELCOM-350/30 4251w vzab—& LT 72 FA#u 7 BERER J28
T5avuf 2% 3. 3 WRT,

4, Y $al—4% 70455 LDER

4.1 FrsS5aniEE

SHMD 151w F0756 & AMETT % 2®IC y2al-230750
DA A7AT) EOBRVEE R, —7, #vzav-bFodss B
BY B uial-a D F-g R, KECEEEE L, COMKT
5o ODIERETEBREGME X5 ADIC vzaL-270750 RE
4, 1 KFRTESIC LS5t W e bsuvzut Wbk 3 M e
L oto

Fsogoo b B, AEESEEINCE L bRk YIL-Fu A
TR U TR AT A EN S, LEFut D, & Poodzubi-
7o BECIEHICER 2 L3 33, IV Sodse BEPNTN S,

2748 O v2al-2 F0756 HBIE B 4. 1 ICRT X 5 ICER
3AKW L3, T Fa fHEE BbEbOM vzaL-vau €
W3S 2EY HIRTH 0, F- HBANICE B 72t Jodss DK
¥ X|IC ko CRRBA, BEICEHE Fat Jodss DRE IR 2EW
BIEOBANRS N TEN, TOLECR, 7tuls AEDOLE
iR 6kW T uzal-vsy %{T&V\{%étk%&7 REY)
Juy  a7ATY DAL E LFFHE & bICK X WL HR Tl
MTac e b HETd b,

Y2aL-2 30756 D HDRAERTHBEW OREF LR >TW
5o

4.2 y3al—4 7A55LCRERA—FY = TR

2aU—2 BT 3O LER \-Fox7 {iE B 4. 2 IKRT

;AJI’:&:O),&MH;D«@ SRR L~ O AH &ﬁ%@mum
FTECERHFLTCRE, Mhbbrbdid (S UNY RN N WIEL
BELTafIs12 T TH L,

AV -2 g syev 2D

N e | Pl 3 R o N .

P A Ty Feu wvT > N

bl — 2 AdwFLwh Gt i)
T By

1 ]

TTFoT
7
bovezvh | Fox U7
XAy
(:‘/M::—Jb) U7 |HFALT DI T4)
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¥ «—1.5kw 1.%kw H

4.1 wyzaL-2 30956 DREL
Construction of simulator program.
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4.2 yzaL-2 BB A~Foz7 BEIK

System configuration for simulator.

5.0 9 U

e, SERICHEETH o & dusqu HHPORHEHETD tus51y
FAFUS BEHIC L o510 v32L-2 KDWTI< 7, 50k

MELCOM-350/30 #0512 v2al—% - A - JFL - HE - R

HOMMREDEIA L3 LU 5—2 LROEELICMER, Tok
5% Fusqu FA¥LS T4F ORMIZ EFTETHEBEC A - TL 5,

203 Mu vzal-2 OVEKIC Bk o T i B BARMCH vzal-2
BERFE L7 D, THHDMEC RS, KT L Y Lkwe &R i—5%
KEZ, viib-vay FKELTE 102-3v2 HEHEHA L. ¥
o, FA¥US OHERM EZ HIEL, W1k FA7 Bhier EECH -
TRBEDT 40510 U256 KAEL T, B tua RED 10510 v
276 IS HHRBEERE LTHEFI T 3,

T £ X B

(1) MW, 3Lk, BH BEEH: MELCOM-350/30 1,510 4
FoJ I1F, B4 F%4LeK, No. 900

(2) HH, B/, 4, BED : tu51vJ0J56 viab-vay
O, ZoEE, B4 BRuEamIk, No. G7-3,

(3) w&, MR, A, BEM: MELCOM-9100 254 vY-3
(8) —a16v7Yud ARv-51udva56— TEBEEE 42,
1,123 (135 43) ,,

(4) EZHBPiged —ETSS f4i—, 32, No. 8 (1743)
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Kitaitami Works

UDC 621, 382. 3. 012

MOS Tr @ F v & JL4FIE

RO %W

Channel Characteristics of MOS Tr
Satoru KAWAZU - Akihiko YASUOKA

Measurement has been made on the threshold voltage and the just saturation voltage of the MOS Tr. of which the potential of the

channel can be measured and which can be used as the gate controlled diode at high frequency.

By comparing the threshold and the just saturation voltage of the MOS Tr with C-V characteristics of the gate controlled diode

under back gate bias, it is found as follows.

(1) At the threshold voltage, the band bending from the quasi Fermi potential of the hole near the source is given by Yo (E,/2

+Ug), where Yy=2¢p/kT, which does not depend on the back gate bias.

(2) At the just saturation voltage, the band bending near the drain from the quasi Fermi potential of the hole at the drain is given

by Yo—(E,/2+Ug), which does not depend on the hack gate and the drain voltage.

(3) There are two kinds of surface states ; one obeys the electron quasi Fermi potential and another abeys the hole quasi Fermi

potential.

L A #»° %

MOS Tr DI Ic2»wTiE, HofsteinDi»hW % Simple
Theory XN A, HBRERE T2 CHIIT 2 CEEL &N
otee COREEARBEIED Gate WEKFEED { Hird, BIY
RS OB Thho el LD 5 7o

MOS Tr HikiC BT, WH, Source & IHR% KL TV
LITWwBA, MOSIC KEwTi, Affe LTHnbhTn?
MOS Tr 1%, Source & FHRENCERENSEIIN X Wi RETHEMEI
Twnz, Lid-7T, MOSIC Offtificid, Source—4EHE, Source—
Drain, ¥ X Uf Source—Gate [\ T [E 2SI X L7 RIED IR & 17
S VERD D,

FRc S BI LT, RO BEER M LA =Dk
BHIE TR B 289, 44 Bwizv, —%, MOS Diode TH
Gate Controlled Diode % JiVT, BFEATTAHLN TS RD, [l
2% BT ROV HTRIE L A E v,

Zrthhbhli, MOS Tr T % L FRCEAKTHE L 5
% Gate Controlled Diode TH % 3t &, Source—Drain [HIFf#%
E L, Drain 222 BoB8r iRl 5 5 X 5 aakeleikl, C
—V Hgpke MOS Tr Btk iR 5 c Licky, Source-3
BRRECEES F[]}J[[ L7 kfe (Back Gate Bias) % -CiiiE L7 MR &
JZD L% 177 - 7o

2. 12 B

B2 10k5@, TESHINEZ NBEEEEKIER DO MOS |
EmCOWTHET S, 2bicE2. 20X 5k, PNESE &G

DB PN EAMICEE (Vo) SEIMEH TS L &, HEEDZE
SOEMR D IC X ) A%)% Channel £ (L) 8L, —IKITHEHT
TREDDOPENLEL B, REHRTH 2 MOSRIHKT-O L i
ik EL, HRROZELBMEHRL 5 5,

Gate - JEHIBIE (Ve), % XUF Source « JLiF [ 7 IE (Back
Gate, Vpe) #ENXN T 3% & &, Channel NOET# LU, IE
icktd % Quasi Fermi Potential ¢,, @, %, KD X 5 KEET 50

(1) Channel FOEEX HIE (<) KB ->7T, @u @ 1& Chan-

670 * ALHHHLIERT

e L

Yo/B—(E¢/2+ 5)

\ v/8
\ P
Vi AN
N\ Y
LN
- 1> A e Py = Pa
\\\ 111,; 55/2
Sl E;

2.1 Gate controlled diode @ band #i
Band structure of the gate controlled diode.

Vs
{ H Va
[ o Vs J
Vi Al
Si0.
P P
N

- ]

X 2.2 FEFEERL
Definition of applied voliage.
nel N T—ETH 5,
(2) ERPOSEFIRKTS B E IO LTR, SO 0P
Dl po 1 BL WAL, FFLICx LTk Back Gate 53723 L LTw
%, Thbb

By e @1
Pp= @t ViaG woveemmeees (2.2)

2.1 C—V i
DL 5 Lo Y LT Back Gate Bias D C—V PIER IR
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DX S IEPND,

T L UIEALO B EAE #, p BEREH

N=y @XP [Bp—py)] e (2.3)
P=nexp [B(pp—p)]-ceerem (2.4)
ThHzbd,
T CC, ny i Intrinsic 344
B=g[kT

AT O
k (% Boltzman 534

TH5,
L7edi>C, 22JE% X8 Channel (NOETR p 1
p=qL(—10) — (1—1g)] +-rveemeereerrannias (2.5)
THEbEND,

T T pgds XU ny FIHHDBIETH B,
i (2.9) % =T Poisson 'b&ikhtr}(f?)c]: SIEbIND,
VA= —(pfes, €
wﬁ,ﬁmmﬁwén7mumﬂﬁkbw
DL & Y

ZHifif it Qse & Causs

Quo=—es, » €9 * Zi ........................... 2.7
T TT, ¢ Wil Potential, es, 13 S; DILFEH, o RIELOHEE
FTH5, W (2.6), 2.7 %2ffnT
Qug=q 1L+ Frooreoeiocc e, (2.8)
#H5, ccT
L:[q_.z_?:%}”i ..................................................... (2.9
F=%[a(e T —1)e A so4 A~ (e¥ —1) + (A—A=1) ]2 - (2. 10)
RSS2y re e e e L (2.11)
=7, EIIGERE Ve BRIXUTHED IS,
V=V b Y[Beb AV oo (2.12)

e
AV =¢p—(z+up *E/// 2) -
AR & OILAET, BB L b EE 2 —

ey R

HTH 5
L7es>T, BEAL I OB Coe THBILINABRHCR Y %
Parameter & LT, KXCTHEbLIND,
"
Cmm o (2. 14)
1+A4 -
dy
LT
A=gq-n;-B-LIC,,
A ~1(g¥ — ~¥Y -3V
Z”? Al —1)— ’;(Pf p6—1) (Y50) ccevenn (2.15)
dF 1 2
3Y=F§“ﬂ+”} (Y=0) ororom (2.16)
THABLNG,

2.2 LxWEE

MOS Tr @ L & WEHHICH T 2 3itko Band Oy Y/8 1%
Back Gate Bias X AHE0 L& WEEKO Band Ol b ki L

T, A (2.2) D & FHEIC, KO X5 ICGET 5.

L & WBIERIC Source jF#T, IEFL® Quasi Fermi Potential
22 QIO Band Dy i, Back Gate Bias € i i ffd ¥ —i

MOS Tr @ s Btk - L - 2

H

TH5 [R2.10 Yo—(up+Ef2) THZ LIS,

DEAD P &C, L & WEIE—DBack Gate Bias Fiph:% i<,
Vee=0 0 r 2D L2 WEREICHT % Source 5750 Band b
T YolB B L,

Vin(Vae=0)=Y/B+ AV + 1, F(Vpe=0) - veerer (2.17)

Viae BHINMENTW S & & Source HbDTEIEE LT, L & Wikl

i,
Viu(Vaa=Vy) = Yo/B+ AV e F(Vpe=Vy)- - (2.18)
e,
Kymq e g o LGy ovoveoreonmensonsienecn, (2.19)
TEbENE, Lazic, iy 108em= Ll oS % fln
i,
AGA™ oot (2.20)
LEWwigliics\»
ET T ererneeeiie e (2.21)
B AR S B 0T, W2 I8 EXKD & S Il 5 %,
Vin(Vae=V,) =rre" Yot A1 (= Yy—1)+2" - B« V,]172
............ (2. 22)
e
KQ:K}[:A' BIE (2. 23)
:-L[’Zes, g g A e, (2. 24)
o
i =AY 0 LA (= Yom 1) AT+ B oo (2. 25)
L
ViVee=V) =ka(pp -+ V)2 oo (2.26)

AL S, & OICHINGR] - i Energy 274 b, Qus 0D i

AT B & &,

1 pYet+BV, -
Vis=" Qssdd oo (2.27)
ot

iz ke, Thbb

1 preisr,
co /n‘ Qssd

kA%

Vi (Viae=V,) = ko (g -+ V) V24

L7edi- T, Back Gate Bias {c £k 3, L & Wi[EDZ{L 4V, 11,

+ o [Y‘Y e Qssd

AVip= ko (Prp 4+ V) 12—y 2 C
YT

............ 2. 29)
195,
2.3 fNEE
L & WELOH & Rk,
boLT s,
Drain #if5C, IEFL® quasi Fermi potential 7s & @z e> Band

FrFIEIC L C, IROAGED IKALT %

DY A, LEWRIFICEFT % Source ¥fECOIFFLOD quasi Fer-
mi potential 7> 5 DR D Band Dl b ICH L v« SIS % S
5 o

L7 # >, Drain B Vo BAHINEXILT 3 & &, il
VTR T B,
Ve= Y,/B-F_/IV-F’QF(VBG:

FEMEVEPEET 22 213, (22D 0 Vss 2z hiE X v,
LidoT, R(E2.28)Llgdsceicky
Ve—Vy,(Vpe=
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TEbEIND,
Back Gate Bias V, 35 XU Drain B Vo SEINEH T 25
BORHIEE, FEEAE LT TREAEILT B,
=Y/B+dV+k, « F(Vpe=Vo+Vp)+Vgs oo (2.33)
Y Vgt BV Vi) coveerorerenomemeniinnns (2.34)
Source b Gate FIE Vs #V3 &,
Ves=Yo/B+Vp+dV 4w« F(Vae=V,+Vp)+Vss

........... (2. 35)
zeT Vss &
1 Yo+B(Vat+V p) .
Vss=¢ [ Qusd e (2.36)
CHH, N(2.35)% L ENELERHATERTIE,
Ves—Vin(Vae=Vo+ V) =Vp -orerreenin (2.87)
DEE 3 B,
3. = &
3.1 EHEE

Gate Controlled Diode & LT, # MHz T Q %310 LJ |- &
FHVE, R ORE T IEfECOM L <, Inversion fi%E

<D C—V JESTRV5 5, Lizd->T, BEEc MOS Tr & L
THTVET B & 5 CBEFL 230 (MOS-I), ¥ X (F Source—Drain
MEEMEE B L, PN #EROEZFHORE S M LG, Channel

DBEMDFEELIEL S 5 X 5 CEROWERTE % 5 AL
(MOS-ID # filviz, ¢ @ 2 FEIED Tr o HHz -0 Gate Hif{# [6-—
it L, MOS Diode 2% f@fio C—V EpaE— A% X5
AL o

MOS-I % i, &A% ¢ Gate Controlled Diode @

C—V i5#:x MOS Tr ® L & WEIE Vy, O%fii% Back Gate Bias
EECHEETRETS Y, $ 4 MOS Tr OBWEKIED C—V Hik
PREX D 0N CES, CDFETD Channel £ 30T, [t
HEHSK Q-cm LT OEEY He e Ba, Be0BSZEOME /b
S,

75, MOS-II & Channel £i% 1,200 1 T, T OBERXEZFD
HERAURRLE, BEAHz DTOEFEFIRTE, MOS-ILH

E 3.1 MOS-1I ok
Structure of the MOS-L.

3.2 MOS-II ok
Structure of the MOS-II.

672

BEDMGEATT 4 £ 3 @ 51 Channel OB 0% FER < K
WwhE, FO{l Channel BE44% b DI THPERTT &
27
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[tk Drain 550 262 @R Iib 5 ©¢, Drain FEHiC iufis
GHELB EEDbRTVE, Lidso> T, Drain 50 252 FEHR
Oig»< Channel B t=T, WHL 5 324S5 Channel FhOER;
B—EECEE XN, LiedioT, MOS-II® k35, Channel
E#SkC Channel RIOEMMENT 2455 5 #lHc—E D Gate
FE#EINL, Source—Drain B (Vp) %F Source—Channel #LE
(Ve) Bt sk 3 &, SHEHERCRIEERABERICD Y, i
Tl Ve R—E % & 5. CO—EfEnbThd e LT
HER®To

Vs 1& Gate Controlled Diode @ C—V ¥ & Fiiindli#s & D7

bk, Thbb, EHNClEL 5 % Gate Controlled Diode

B Eickh, LECWEES X UMAKELEETD Vs %
FECIEMEC R 5 5o

DL ATk RSB 5 Ves— Vo FitE%# X 3. 5,
B 3. 6 I

—J5, Ve—Ip 2k k h Rz, LU & wER—DBack Gate 3L
W% R 3. B ICRT

Xbic, LEWEN - e, Gate Controlled Diod 5 X UF M

0.5F
0.4F Ny=4.6X10% (em?)

V=0

V=32V
0.3
0.2}
0.1}

1 b 1 H
0 0.2 0.4 0.6 9.8 1.0

Sourse 5 DFEEE (y/L)
3.3 ZSRAEHBICED 2

Potential distribution at triode region.

o l Vz const
l L;,=1,200u
i Ly =151
Vs —Vp

@ 3.4 @BHMADORDA

Definition of just saturation point.
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3,7 1,5504
T =300K
20¢ No=1.9%10Mcar
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0)

0 experiment
(V. =1.5V)

Vs (V)

0 10 20 30
V;b‘Vbb (v)
K 3.5 Back gate bias EDHIFIAD Vs— Vg el e
Vas—Vps characleristics at just saturation for back gate bias.
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b o V=0
e
g ~ o 3 Experiment
=z 10 (V,=1.2v;
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Vis=Vss (V)
B 3.6 Back gate bias DML D Vos— Vs 2l
Vis—Vps characteristics at just saturation for back gaie bias.
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0 138101
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Ves (V)
3.7 [RGAICED S Ve—VP Hiy:
Ve—Vp curves at just saturation point.
20}
_. 15f
10 No 46X 10w
§ 0 1 2 3 4 5 6 7

Vae (V)
F 3.8 Vin—Vae Pt

Vin—Vae characteristics,

MOS Tr & st $5k - FlHE » %)

<
Np=4.6X10¥%cm2 3
W=1,550"A o
T=30"K -1 7=

~

Vi (V)
B 3.9 C—V Hif:e Tr $#ko [t
1,—V¢ characteristics of MOS Tr and C—V characleristics
of gate controlled diode.

OS5 Tr © Gate © C—V §5k%di bt 5 L ic kb, JEBEmO
JRAE L ORIt R RD B T LB TE B, MOS Tr @ Gate » C—V
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0, Vi 3LV VoV, ©raD 102V B3 LU Viae=0, V)
=Vy; Vag=V,, Vo=V, OIOMFIEOMELRE 3. 9 5T,
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4.1 LaEWEE

Back Gate Biasit %% L& WiEITEOL Lo T35 L %K 3. 9
bbb k5, LEWiEREHIIE, Back Gate Bias #ElL
b, Source FFEICEF VT, IEFLD quasi Fermi potential 3 & D3t
BFEMGD Band Dy h O4LT AT BT 23 LINICH B, T iz,
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BB LN D, —F, Cate BIEAL 2 WEE L b 5 Vol

'“ﬂ:’ﬁ'éf iIC, Band ol h 12 3 Bl L2 5ET, Tab B MOS
Tr OEFFHEAREBRT 2 201CH %5 () S L<E2 b Tw
5L EWERER, Ak OBEORREEEH L Twb, Lko
T, Back Gate Bias IC k3 L # WIEEDQL L% 3k» 3 ICE L
Source JH{HIC IV TIFFLD quasi Fermi potential 7s & o
Band Dy i3 Back Gate Bias I k b\ —

i
i
i
I
1
!
!

B |

i
o/ L e f 2 “f,\

Threshokl e Yo /B B2 uy)

\” JE S —
——

Just sﬂéuration
4.1 LEWEMES L UC8E0 8
Conceptual diagram of the threshold and the just
saturation points.
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N, 4.6 10%en?

Va (V)

0 N . 1 L
0 0.2 0.4 0.6 0.8 1.0
(Source) Y/L (Drain)

[ 4.2 Channel foOEL3A

Potential distribution of the channel.

S HREEBIIICEOLL T b b D e EL bR Do,
Back Gate Bias 2iZD : %, L &#WETEKHT 5 Band Oty
Yo ik, FB%
=[A(e=F —1) +A"T(€F —1) FAY —A 1Y U2 (4.1)
ICEnT
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Thbb, HELIC
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%Lw%%%giémﬂ#%@énka%,L%ngKﬁ5Ck
EEHRL TV,

H @43 Ly

B LI, FRFSHE DR FFIC b » T, ERHICR»—
HEhico X bIC, COBER—BICHC RT3 2¢r DIEEIT
5o

FREUEGICHE LTI, HETFHOE ICE  OUMATFHET 5 &
ShH TV, (BT OEEENE Gate Controlled Diode
» C~V flE0sER, Back Gate Bias KiC BT Fermi Potential
ICIE & A YRS, TEFLO quasi Fermi potential 125§ < (&7
LTw3 e iBdbhk. LaR>T, I FHR  DUERIDZ
¢k Hole Trap & LTk, mHHIEL OHEfrid Electron Trap
LLTHATRS LEERL S 5. WaiC, RERMICLS LEVE
FE~OEEE, Hole Trap & LT EmMEMER Qss(P) &,
Electron Trap & LT FEEHrEm Qss(N) €0 TELL L
BB D, Thabb, EWUEHIC X3 LE CELE~OHFE) Vss
i,

e
Vss= "f Qss(PYdp
Coz 0

1

Yo+B8-VYpgg
o NP oeeveeverianannens 4.5
e Qss(N)ds (4.5)

EELTRERD D
WER (4.5) OB TIEAE L, BEL S 2EAES .
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4.2 HIRERE

GRAICE LTS, LE VB Fkc 4. 1 DX 5KEL D,
Fhbb, A4 1 ORiETE Dran FHHCE T, FLEEE A
PIEL R WRRECH B C L b LT, COMERRVIERE S L
LH0LBbILS,
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0 Drain BEERHE X b 3k 3 ks x b B, Gate B
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[ T2 A B 18 5 AR 1333 e A8b DB

BRI~ DRI % 557 Vs
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0x
TEbEND,
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21t AVy, TRETE,
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+C;ﬁ- Qss(a)dp -woreereeeiemeers 4.7

CEbEN, AVy AEICE & ¥ & Simple Theory THLIL 5 2

Fhbb, EROTMPREREH/NE 72 & ¥, ¥7cid Drain GHEIC I

~, Back Gate Bias 3EMIC k%A% & 2iTH, Drain BFIC X
2T FROBHEOELIPE T ERFERL TS

5. & 7 U

MOS Tr T# 3 & @ic Gate Controlled Diode & LT, @ik
+ % g, MOS Tr @ L % WEIE, fafsie C-V K% i
LrckE®, ROER1IELND,

(1) MOS Tr ® L% WEEICEY 5, Source T OMME
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si Fermi potential € J: STKRE FEEN,
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Generation Mechanism of Dislocations in Silicon
Induced by Phosphorous Diffusion
Yoshinori YUKIMOTO - Genshiro NAKAMURA

Kitaitami Works

The difect structure introduced into the surface layers of silicon crystals by phosphorous diffusion has been studied by transmission

electron microscopy. The diffusion condition being varied such as the temperature, time and the contents of diffusant supplied from PHj,
POCl; or PyO; sources changed——, two kinds of precipitates have been observed near the specimen surface. The precipitates were in the
form of thin platelets when diffused at below 900°C while in the form of small particle like structure at above 950°C. The former has
the nature of interstitial type, whereas the latter consist of both types of defect structures of interstitial and of vacancy. After heat treat-
ment at near 800°C, they were converted into dislocation loops. Further heat treatment enlarged the loops and caused interaction among
adjacent loops. Finally dislocation networkes were observed. The nature and distribution of the networks were investigated inside and
near the surface layer of the diffused sample.

The mechanism of dislocation generation is considered to be a general one in the case of phosphorous diffusion into silicon. This

mechanism is not explained by the Prussin’s model for dislocation and considered a new one applicable to the explanation of the pheno-

L

%

mena in question as long as precipitates are formed.

L F & o %
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He LT, vyoy ERHMETOHEHEEREOBCERL 20T
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TeBE (LY 2w BECEREEBR IR b 2y B, HEBROMERT vy
3o % (5.000~60008) LTIire, & 7 FMIE & B I %
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4.1 vy BT X b FEk L RIED X iR
X-ray observation of defects in silicon induced by
phosphorous diffusion.

4.2 (a) ZEABCKE 2R T HOPRIE, HEIER 101 cm?,
(D 32— & 1 p DEIERT)

Small particle-like defects showing double arc images with

density of about 10! /cm?. Mark in the figure represents

the length of 1 a.

® 4.2 (b) ZEMOICKE R RTERNG, EL 9x10%cm?
Small particle-like defects showing double arc images with
density of about 9 x 10%/cm?.
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Vo DEBEIRMICE - CRIBEHR 4. 1 CRxoh3 X 5 % 2K
DEMBMOEEHRBEIN DA, ETHEUSTECI®S5. 5 a0
TEEFEMAEE LTRBIND T L RS, ChBBET 2L 0
HERICY L 225 ETHEMSELETR 10°em™ D LOBET 47 15
TEI, RAMOBEICHEL T 5, B4 1 TORVIER
pimgﬁ:‘-kh7 TERDRL, BB TN 23 LE5. 5
a D X5 RYRNHEAEE XD & v 5 DR —HRETH
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4 2HCRT &5 I kDU NRIGA B B o C DUUIMRKE, BRI
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ARSI O L DIIE U CRIERZ LT 2, B 4. 2(a) i PH,
ZALHIRE LT LI100C, 20 3l (GEEEX xa2p) ®f7% -
T BN TR SN b DTH Y, 100 em™ DRIGHIET SEL
Twd, [4. 2(b)i PyO; RALHE & L T2l (1,100°C,
GIRFH], 25220 1) %177 o 7 BB O BEEIR-CHY 10%m2
THbo

B 4. 2 THEEND X5 alvh REOBHE,

X O FE TR

HFRIGTI S % S DWTIIRIERL L3 DR FIAENTH 2, 2

4.3(a) 3y IO (110D HEIC AT 3 plate
Kritian

Plate-like precipitates extending along ¢110> direction
in the silicon matrix.

3% plate KHTIOLESE
An aggregate of plate-like precipitates coexisting
with dislocation networks.

Yo IHIC & B vyay ORRTRKESEA: - T -

7 D BRI TRIG 185 % b DT HME, Ashby & Brown Offbin
ICHEA BB/ DR SR L, & 7456 1-7 3 Burgers Aoy
DI EICE T, FWEHNS TR0ty RO B B & & HEIER
REBEEFRTCERHMbITCRE, © CCREIND LB, v
REARBECECRHIN T2l CB s 3 C b &, THY
SHERICIS U CHEEMRRIAT 22 b vy DIFHPTH S L Bb
3,

PN REA DI BIIHE Tp T DIR DIEST DT X > TP, oy
Ju FETIC I (interstitial type) 35 X UNIEEYM: (vacancy type)
DIET % H2 5 2HHEDOIKIETHIET 2 T & AVHWI LA, Jaccodi-
net i3, LR FELL S AR EEL, B TS

Theb T REERERL TV B,

IG5 % S e b T b THEIBRO B AEE I 0T
HDLA, COT VY FETH L FrHARORE T A — 5 — D H
B2 o, I THERESRAS C LE2RLTVE, ¢
&5 TR $E 2T (coherent) t w5,

— 77 HLRIC o SER DRI AME RFUIER A S » L B i,
4. 3chbhd &5 2 eAEET 2, © O Levine
O DL —F L, (110) HENCHT, vyay RICKE & < »
CATHEEL TS, COFHEIE 20 BCIET % 72 0 FE L
PREDO L FICHET R FICBEM>THA TV 3, CD L 5 2iFH

4.3(c) BIRWEDFAET 2 C 2 %2RTE 4. 3(b)
NP
A magnified view of Fig, 4.3 (b) showing small
particle-like defects.

B 4.3(d) Plae ft #f i By © % &
Aggregates of plate-like defects without small
particle-like defects
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W -7 DIBEVERIC X D IEf#ERTER X 5 BEYER L fER
FRNB,

T PFHEERR (1) OBFCO Tl 5,

5. 1t/ MRIEAEE I N 4. 2 OB RO MDE
800°C, 40 432852 iz FR-CHVLEE L 7 BUEHC IR X AR -7 %
Fto WrokEX, Bhd oM L7 AEEEINDH, K&
TR BRI O /MR IGEREICERAM B 0, K4 2(b)D XS
FIEHNE WEECE 5. 1(b) KHh b b & 5 IR v~ b /»
X ERWEDL DA, IEH -7 HEE XN BT, R
far B s\, -

5. 1(a)DiEls b5 & 1,000~2000 & Dk % T, ZMIPT
BB C b ENSDLERLAENCEN TS L Bbhb, %
M BRI (2110 D % DAL, -7 HEOHNTEIEE L
TR 5. 1(a)icHhbn s E6% - SRIE bORRRERT L &, &
(A b - 1 (311} TAIC D 3 £ &k 3ibh B o BES

QL0Y5RIDIENL 1-F b BEE & {111) RIS 2 T e Bbd o Teo

il 2¢ 730006 T o ML I3 L7e two beam Z:( T DHENL 1L—-F O
52t DLEWA b, FIFOEN 1-F [ ZERICT{T 4 Burgers Xo
b b=SC110>%  DFEAIRAL-T T, #H R4 Burgers
Ko b % 2 b O & B fn e 110] HE 2 ORDDH T &
Rbhoic. 5. 1(c) fic Burgers Ko by OHFIRFLALTE
¢ . L FEEIC T TR A b, BEEREEM L Aotu #FEbT

5. 1(a) #urhxiargisaEo 800°C coBAEIc k3
i )
Dislocation loops observed in heat treated specimen
at 800°C containing 10" m~2 small defects.
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® 5.1(b) BUNREATE AN X B0 SLEIC & BHRAL -3
Dislocation loops observed in heat treated sample with small
density of particle-like defects.

®5.1(c) B5.1(a) Chiis L hFRErE, SR Emic
77 Burgers {5t BRI\ 7 Burgers <ot %
B0 L3 BRT
Dark field image corresponding to Fig. 5.1 (a), Solid arrows
indicate the loops having burgers vector parallel to specimen
surface and dotted arrows correspond to the loops having
inclined burgers vector.

®52 @My -J DM EEH

Dislocation loop interaction observed after heat treatment.

T T - Vol 44 « No. 5 - 1970



5. 1(c) RIEHERETH 2, CRLIEN L-T b Bragg L#n HEAL -7 & b ICBUEZINA D KL, BED & > ZHBhL n-

\ :
] LbOFNICk 3 size Z5{bH M1 2 i b interstitial B X O J EHEERERREC L, B L-F O—MAMEL ) HILVFEETE
vacancy JED WA AR X Lk, BMLbhd 2, 5 21 coXsZMEVERA»EE T3 HEC
% i P , ate HERH Bpa By £ fdr 13
/' E5.3(a) Plate 4kifHifm bAULIIC X b IR & NLiclE RS 3(b) BUbUisE Plate WL & ALK L I dRti -3
-3 Dislocation loops g_enerate. from sma particle-like
Dislocation loops generated from plate-like precipitates defects and plate-like precipitates.
by heat treatment.
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Dislocation networks observed in silicon crystal. Isolated dislocation observed in the further depth of crystal.
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Dislocation networks observed in (001) specimen.
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High Power Monolithic IC

Takao NAKANO . Koichi HAYAMIZU
Yasutaka HORIBA

There are two methods in enlarging the output of IC. One is to aim at the maximum output by covering the drawback and const-

ructing the circuit with IC at its first consideration. The other is to give a priority to the system, to set up clearly a circuit replaceable

and to try to match the system with other part as a black box system. The former is acceptable in industrial apparatus and military

apparatus having margines to compose the system with the IC as a main clement. But it is hardly applicable to consumer apparatus

which has little superfluity in the circuit composition.

Mitsubishi M 5102 is the first high output IC in this country in which the upper limit of technique is aimed at for the present based

on the latter. This article describes the design steps and problems in the development.
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Typical circuit schematic of audio power IC.
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Circuit schematic and terminal connections of Mitsubishi M 5102.
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Heat degeneration characteristics in IC chip (transient value).
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Tentative circuit for calculat-

ing power dissipation of tran-

sistor in push-pull class-B

amplifier.
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Tentative circuit for calculating power dissipation of
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High Frequency Application of High Speed Switching Thyristors

Kitaitami Works Hisao OKA - Takahiko !IDA
Hideo IWAMOTO « Michiharu ISHIDOO

In high frequency application of high power and fast iswitching thyristors, their gate electrode construction, transient on-state charac-
teristics and changes of thermal resistance come to pose problems. It has been made sucessful in measuring these transient characteristics
and expressing the results w1th numerical formulas. And further the high frequency current rating and the power dissipation have been
made available with electronic computers regarding sinusoidal wave current and rectangular wave current. On the other hand actual
measurement was made on the temperature rise and power dissipation by flowing high frequency current in specimens, and comparison
was made between the measured values and calculated ones to prove relative coincident between them. However, further study is needed

on the problem of thyristor transient characteristics and transient heat conduction.

H2. 1 41Yz2 @ vyaunIn Bk BRI RLZLOTH Do

L & A58 L 1 BRI b hy—F B~ F-F BRHEH LT, 122 5

BN $1y2z2 DREOHEBCEEEE LI ORBY, LOIE ba—vdy Bt bt B, vYavsTh OHEHFICBAROER 2 5
R Y4u22 Wik vir—F e & EE LT, £ oA-a Fouk B, TO N BWRIE Av-F Sk T B2 1 TR X
LIREEICHE R LT nb, Thbb, KEIH 128 O B 51, H=t & hv—t OEOREREETND. TDED, Y1Y23
7 b IR REL, Y1928 OEWEEEE Y12z HEOT O a-vtu B hv-F ElRamciEc b, §-rEEOLcbHhb
CHEBEN, 24-LF Tfjc»?ﬂEé%é&t’):n Y424 &I BT D, 20 a—viy FIRRE D BAWOHET, hv-F KEICIEDR
FHERICEML & 5 &5 [UAERMICHE > TE o 3H P R
IC # DFIEEEE L 50z b 1kHz Pk -7, BT ?
FHEEL FICHVORES & LT w5, BREERETS i ! }
LT, BElEmt MG Rb o, T 1928 &V %72 o /‘ f nY=F
504 kW, SEBEBN L ~ 5KEz 0% DRATILTE Y, T fqgm/W/foﬁg N N
195k © DFIRE I 10kHz Kb A B 5 2 LTV B, Km p Z&

C D RLETR, B 2 wFos Y22 QS XU Z O @il _ ,»3 N l
A RUENICITRL, ChiciEs 2 BTESEE v s B %@ P 7){ .
FRESERTET T 5 C e N TE R, LT, ZORHTREREIEN . 7]
fE 2 WA 5 € L AR S e AT, Y1y2a PRARE 7,_.1,:gﬁ,§
FsIc B LETHERICOWTEN, BRI X 5 EERE —EMHEATEELS
B ORDH, B UERIC L3 ZORFHRCOVWTES S, ® 2.1 #1y22 ® yauoIn BB

Cross section of silicon wafer of thyristor.

2. BEREEAEOMER

0.3
W22 R EERICEAT s BOMEARTIRT 2 L, FLEK .
DLEHTHE, Z |
(1) 5t TmOHEE £ 02 - L
(2) 5-t BAWE - y ,
(3) BUEIEEER T = T
(4) BUEHOZIL 2 ot e
(5) AEIER ‘ ZZZi%
(6) CRyIy-A
LF, BRChbOBEICONTHEN D, oL

o

10 20 30
2.1 - +BEOHE AR Ty (A)

Y122 OB EHEREROBEE PRI CLER>T, L0 B 2.2 41923 D 2—viv JE3D BE
PRAL AR D Y Y22 D -y WELCDOWT, % FTEHE LV, Spreading velocity of thyristors.
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O F- EIRIE Y1y Re O difde THRC D FERBEGERD b,
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BEINT 5, LAL 91928 D a-vty BEESR o100 B 3
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Gate construction techniques.
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Effects of gate current on initial turn-on arears.

I
w
— b ¥ oMo
2.5 iR E N7 5+ Witk (high gate drive)
Recommended gate current wave form.
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1.0
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0.75F
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g o
I
= dig/dt=0,33A/us
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2.6 dildt figiLx - b B (eosf- 1+ B 1Y22)
di/dt capability versus gate drive condition for
center gate construction type thyristor.

693



HAERTH L, f—t BRHOBIEAKE S TH 2D LFFHPT
& dijdt THERINX S AD, 2O LR F1Y22 B—F a-vitv T
e, ZRUBWLLKER I~ BREZRLTLH T HEEROZ
WZ EERLTYS, Mic F—t BROEEANETHED LA
RARKE VG, dijdt THREESAEC RS, 554, F-b
BROIESRKE L 20 LAREBCIE & dijdt [WEERE<ED
A, kA 1A/us MLED F-t R EEDL Lk F-t7ud DI
PR R DTRL TRV,

2.3 BEREERTEHE

#1122 % high gate drive ¢ 2—u4y X4 TH, FERERE -+ H
WD hy—F OB Fo WL R BT T, hy-F EEAFERIC 1o
RAEL 2B ICRDIARORERZET 5 C e dT Tl 2o Av
JRIED hy—F REC B ST TOBIERETO J1022 OIHEERET
%, BEATCHBEIRETREM TR iIcT 5,
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B 2.8 CR250 AX MR Pt
Type CR 250 AX thyristor transient on-state
(measured and calculated

® 2.9 HEHH vyovvIn EE
(SEHUfE)

Thermal resistance versus silicon

wafer diameter (measured values).
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Turn-off time versus junction temperature.

696 YR - Vol. 44 - No. 6« 1970




\%&;?@g

Kitaitami Works

UDC 621, 382. 2 : 621. 375. 029. 5

FLEeFa—F+BYAF—F
AT HETEE F B EF HE

Varactor Diodes for TV Tuners

Kunihiro NAKAMURA - Muneo SAIMEN - Kuniki TAMARI

Varactor diodes for TV tuners have been developed and are partially produced in quantities.

facturing method and characteristics in brief.

This article introduces their manu-

They have distinctive features of a large ratio of the variation of capacitance to voltage in comparison with the conventional diffused

junction type diode because of their employing a hyper abrupt junction system ; a wide range of frequency control and excellent selecti-

vity owing to a large Q-Factor of diode.

They are most favorably applicable to electronic tuning and automatic frequency control (AFC) of TV tuners and FM tuners.

L% A &% %
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Fabrication procedure of tuner diode.
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Sheet resistance vs. Cj.
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Thickness and impurity concentration of epitaxial layer vs, Q.
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Electrical characterisitics of variable capacitance tuner diodes.
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Electrical characteristics of switching diode MC 301.
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4.1 VHF ETAH 72-F FHG
Electronic tuning circuit of VHF TV tuner.
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Electroic tuning circuit of UHF TV tuner.

%, Dgix, VHF 327 & UHF 727 Oz cfAnbhd
2 wFudd1t-F MC 301 TH 5,

5. WERES A4 - FRERE

BeR(EH A7z BER, BIEREE - o200 RS bEF
30V R AMHAEINS, HUTICHR2FEonEARMEL, &
KEF A72 BENTERTES CLFEBTETH D, HICHEFERC
Lk, AMi-f mREOE LD ¥ Ofltes, M4 1, @420
ABNC YR LZ X 5 ic, RFEARKZRET 5 1udosun [ H—
THY, Powtud FEEHC o FIRIIE LA ECET, LRI
F{F—F OFEBEDOE D ¥ ICHIEAET 5, Eiick, VAFET
FamT D Lltwb CHHENE LD S~ (R 4. 1 D Fl Tk 4
&) OIS A7 BEFcED 3 RAERF2ERE, £3%, UH
FETFF1-T KBATE 1B L2 TRELE Y,

S~ AZEEBMIEL TR~ s BMicl#Eashs, VHF %
ERoBEFAEKE, 5. 1R AL TCREND,

St~ f FR Cy(v) BIRKXTREND,

C;(v) =K. Esl‘" . (g,0+ VE)-n ..................... (5‘ 1)

cric K:dg-r fiEchEihds @i

&y ¢ PR O HEFER
@ © JLECRA 05~07V
Ve : HUNEE

5.1 b REEEREE froo, RIESERER fron

Ko, Thab FEEk FR 23k0 5 &,

FR=Armax_ [Cpt Cy(vmax_ Co . (5.2)
Sfrmn Cp—i— C;(V)min 1 Ci(v)max
AT/ maEX
n-Cp
e#Z L, Cs»Ci(v)
Ci(v)max=n C,(¥) min
no R LI
KX G.2) b
FR2--1 ,
C () max=Cp + SRR (5.3)

zzic Co(Ipta i) ~=04(pF)~5(pF) TH 5,
Ci(v)max 13, FRERZHERT 5 311 OREZEERE L bE

T3 (vs0502 HTHBXNE 2, 325 311 O 1udoau ER,

MEF Q & TN 2 KR RER AR A14-F DR/ ik {E

700

f : |
Ly REC C»_{_ —=c. REC S 1 #Fv 2AF(E
" mf— }M Sw2l 5T 0 XLEE
{ o _— Ciwy .
47 MC301 ;i' fMVZOZ
B 5.1 VHE [ 5 i % 7 [ B
Basic circuit of VHFE electronic tuning section.
et <a/4
P - -——5\‘¢’<)\ /4 fﬂ_‘“’ ‘L
Coo iﬁ* T C: Z, $cm
L__,_._,.__—.———-J
5.2 - IBeRIE 5.3 5 TIEERIH
Circuit of quarter wave Circuit of half wave
length cavity. length cavity.
#£5.1 P %A & A&l H
Required variable capacitance range of tuner diodes.
¥ 4|  smwpwmam | % e
$®F 4+ 2 (1 ch~3ch)
7.5 pF max~4.8 pF min AJIER, EESERE A
4,7 pF max~3.1 pF min JEHFERE B A
MV 202 | #F x4 (4ch~l12ch)
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®6.1 VHF 5 5 — 7 # 8 It #%

Comparison of mechanical and electronic tuning

characterisitics of VHF TV tuner.
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® 6.2 UHF 5 5 — 7 # #5 bt %

Comparison of mechanical and electronic tuning

characterisitics of UHF TV tuner.
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(1) Robert Fekete : Microwave Journal, July (1964)
(2) Robert F. Scott : Radio Electronics, April (1969)
(3) KPuly, Ik FRACESHH, 3, 1 (18 43)
(4) Gernot Oswald : Siemens Electronic Components Bulletin,
April (1968)
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Some Considerations on Linear Circuit Integration

Hiroshi ISHI

Kitaitami Works

Production of integrated circuits in this country has made a steady increase and in expected further increase. The future growth is

considered chiefly owing to the expansion of the use of linear integrated circuits for consumer products, which has become remarkable

since 1968. The benefit of linear IC should come from the reduction of product cost and assembly cost. The linear IC integration

should be considered in this respect. There are many factors to determine the degree of integration depending on the requirements from

the market and manufacturing restriction. This article discusses these factors and describes economically right scale integration together with

the means to answer the useres’ requirements.
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IC penetration into electronic system.
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M5111P  Dual Preamplifier/Driver
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