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Bl Abstract

It has been 45 years since the first year of the robot market-1980. Today, global annual shipments
of industrial robots have reached 500,000 units. Most of these robots are utilized in the manufacturing
industry, and the Japanese industrial robot market has evolved in response to the qualitative shifts in the
manufacturing industry.

In the early 1960s, the world’s first hydraulic-driven industrial robot was developed in the United States.
While it garnered attention from the US automobile industry, it did not lead to widespread adoption.
However, in the 1970s, advancements in electric servo and semiconductor technology led to the
emergence of electro servo-driven robots equipped with microprocessors, triggering the development of
industrial robots among numerous Japanese machine and electronics manufacturers. At the time, Japan’s
manufacturing industry was fueled by the high-tech sectors of automobiles and electrical and electronics
equipment. The enthusiasm for Japanese robot development and the push for factory automation in these
industries marked 1980 as the first year of the robot market.

In the two decades after the first year of the robot market, the functions and performance of robots
as mechanical products advanced significantly, driven by strong demand from high-tech manufacturing
industries. In the 1980s, the high-tech industry’s push for automation imposed strict performance
requirements, fostering the early development of the robot industry. However, in the 1990s, after the burst
of the bubble economy, a demand for lower costs led to a shakeout of robot manufacturers. Technological
progress in 1980s focused on mechanical components, electric servos, and other electromechanical
innovations. By contrast, the 1990s saw advancements in microprocessors and information technologies,
enabling breakthroughs in control, programming, and simulation tools that required sophisticated
computing power.

Since 2000, Japan’s robotics industry has transformed into an export-driven industry, fueled by increasing
demand from Asia, in contrast to sluggish domestic demand following the burst of the bubble economy.
In the 2010s, exports to China grew rapidly, causing Japanese robot shipments, which had been stagnant
for years after the bubble burst, to double. By the 2020s, the industry became heavily dependent on
the Chinese market, with half of its products destined for China. In the 2000s, competition among robot
manufacturers shifted from improving functions and performance as production machinery to enhancing
the value of robots as components of production systems, with robots becoming more intelligent and
networked. By the 2010s, the focus shifted toward system engineering, emphasizing the technology of
utilizing robots within broader production systems.

Since the 2010s, the market share of Chinese robots has grown significantly, and Japanese robots,
which once accounted for more than 80% of the market, have lost less than 50% of the market share.
Japan’s robot industry needs to prepare for intensifying international competition.

The previous systematic survey on industrial robot was conducted from 2003 to 2005, during a time
when competition was transitioning from enhancing functions and performance as production machinery
to developing production system components. This current survey takes into account the changes in the
market and technology that have occurred since then, including the period of the previous survey.

The previous survey was divided into two sections: one focused on industrial robots, primarily for
manufacturing applications, and another on other types of service robots. The current survey is mainly
focused on industrial robots in manufacturing, a sector that has continued to expand since then. While
service robots have not yet developed into a sustainable industry, a chapter has been included to discuss
specific cases where progress is being made towards their social implementation.
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BWTTHbD, 190 FEROTARy PEFFIHASETH TS, FE ML b HAD Y = 7IZEHE T,
WAL TEZ—FMA—AME D HAEZITFTEY B2 Tn2LHICb AR5, HRATEERY b2SK
ATz ANLNIZERICE, HRAOHCKAL IR E2 0Ky MdH 5.

FTREHHETDH 5, BCkOFHE BAOHHIZT R Y FOEAIZ X 5 HEMLOHEAEIIK L Tid4<
WMDY E L Do WK DGR RESE Ay DL LR L S 7223601, BRI o 7 0 — X K ¥ 3 v THER
Thbo TDLD, BIZIZHEHETONMIZ. BHETOREREBLIIOLLLEHOHILICIZITH
5o —Jiv HARDIFHILE R IRKESE RS 25 0EHO 20, SR LT 1A% 150
=G rTay IR ANSN, REREOMILIETHILEORIRE kb0, BRER{ILO/-DD HE)
LICIIEKTH Do 1980 4EMRICIE, 729D N AR BN HH ), 0 R v MEADHARTIEREM S,
WK TR S T 7z BUSEER X 1990 AR, RN O REBHERR X — 7 TR & Rk & 74l )X
B> TRIELRHRD D 5,

KIFTR Y M 2BEEMETH 5, HATIE, HLE@25 D AR HLAESKT v 2130
DETHOURY N7 ZADPORY bDT I AL A=V EMED EIF Tz, —Hckom Ry biddl i
WOPIIEYTA2T—VA, 770 rva s A YELOEANLIZERO X5 N LAMIEAICK
LIFRICELFER SV, Xy FOEREEEINEZ I LIV - Fy v s (Karel Capek) Ok v 4 A T5Hk
Ry M @RS Tweu Ry FOREOF, RMOT Ry MRl L Fhbhis X FuR) R, 0R Y
MOIELZFFET LEE YA FAAL A=TVUDMED TEN TV o 72,

HAANZEoTIRERY ME [BIXRELD] THY, AEBICEAL RS 2EERH o Ry P&
BIEHREOITFL2DL HAALZ T TH 5,

5 JIG = X — b 2000 #1i, 2010 4RI 00064 5 [OAEWMOESEH TRy ] & L CTEERAHAM LR (GRREdh
BE) ICEFR ST T2,
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4.1.2 EBEBZEEHEONY FOEE

1970 RIS A B &y HADEEM A — 7, HEEX —
AT FREHOTR Y FNHEEIEE D SN
M, ZToHhoOURy PERICKE GREES 28
inS 1973 4EICBRIN A — A B FE R E Nz 1973 4E1C
A x—7 »® ASEA # (BIEIZ A A A ITAM % &
 ABBAL) 25 58%£ SN /2 IRB 6 1&. HAETH IR
OEGEEM TR Y D 70% % 56> 5 BB % B
BoRy OFETH % (M4.3) . IRB 6 13#ikkiE )
6 kg D5 HIZFHIMORy T, 47 Taky
P —RE—F ZHA L7z, YL L TIREIIR
WL TH o720 ZOHD LW D THBN ORI
nhwAraraky ¥ THLH, 1971 FEICL VT
7 B IR A O B Intel 4004 235K SN 721X 0 Ty
1973 4B FIT F A2 MEEM B L LTERT L UHEOZ
EThHhH, T/ HEERMOIRER L L CTUREO
BHETH Y, BEOV—RE—F13IEH T, /87—
DENTIFELSRE VD, ZEHR TRy FOT7—24
PIZEREN R % NS 5 ICIEARM E TH o 72, F D720,
IRB 6 Tld, L KERY—FKRE=F %27 —2NIIH
KT, TR EBET 5 3 00E— IO
MRICICHCE L. AT ¥~ 2 ik Tl 7z 7 — 2 % BRE)
FTHHRERHL Tz, 720 FEEIRVHEED
T2 3 DD/ IDE— 5 N T 5 RHHHENT=2D 2
Hh& L7225 itk Tdh - 72,

BT oiEE
(BEXH 41 p23 &
x VE|M)

IRB 6 (EE#Efit : ABB Japan K.K.)
4.3 BEEEZEHEOKRY FOFEEIRB 6

IRB 6 Ot BIETIBERE X, AN DRIV B) & A5uf
RET. BrA (R FEBT 57200/ VBEFIRL,
TRy F7—2E L TRISHRTY Y IV REET
Hbo IRBO6EDERIZEID, ThIETELMYMEN
TW2HERE o R Y oS L, B
FFIEI O Ry M ORZEAINME S 7z,

4.1.3 BEOD by IX—AICKZEHEORY bD
RS

1970 AEAC D BB B — R Pl 0 S 2 A % 15 R 12,
IRB 6 O MBILE, WMEERE RN A o THE)SKE) R
ORy FORFEPENE 2o Tnoiz, BEHAD I
faRy b A= ThIMRASHLNNERE 7 7+
7 BRI SAHBARIC B [ U 1976 4E12. E 0%t o
ORy PEYARIKELREELRIZTTEH YO Ry
OB E FHT TW 5, Wifkide I —KREe I 4
AW FATWIzE W) BT H 255, TRy b
EVAZANDOAY EF % B 40,

H—RE—F 2T NEGNE LT Z)ERKIE. 1960
DT —FRE—F 2 M L7 HEM L 0 2 114
FERTEE VAR BB L Tz, ShUcftb ) JLH
OBEBRI ARy M LICHEAZZDZ T BARBIERT
Hotzo L= A=A TOREFEM TRy b OEB)L
L EOWR T, 1976 12 5 Mo EH L BT oK >
I Motoman-L10 % % %8 L 72 (X1 44) . HAROE B H
% BIHEIRI TR b QRGO BT, F 1977 412
KOOHBHIRG A —HTY =) V7, 7T— 7 HEHIR
& 725 Motoman-L10 (&, & o # 1980 4ECH) ] F
TICYEEZHY KL, WEEH TRy Mo mNE
XA BAELTERPERTHLABED T — 7 5
AN RIEKRIZKE SEHWR L 720

4.4 Motoman-L10 (BEE#f : RS L) IIEH)

7 7F v 7iE, 1974 4EIZE — ¥ OEBEIN AR~ D LR
HAEDOHB LI L= A — F 23R L7z M7 75>
7 TR TSRO BHEEIC X 2 HEM L2 RATHD.,
=L L TORBERA T, 1976 FEICE LEBEHRS
A IR AR Y DOV S (BT ZE V) o215 T
BERIORY OREEITo 720 1977 FEIZIET7 7 )
7 W C TAERMA DT G IR L L Z2a Ry e L
T FANUC ROBOT Model 1 #528 L T4 (X 45)7%
BB ZEO 520K K— VAL %z &

6 Motoman-L10 1&. 2009 4 B2 8§35 00041 [EELANEEM TRy PO S E250F ] & U CHEIERAHAM L ER GRAHAH E)

IZEFRIN TS

7 FANUC ROBOT MODEL 1 {3, 2013 4FEEIZ 564365 00118 [RME 2 ARAIAE AL T SIS Mk L 2 u Ry b & UCHREHR

FHAMT LR CRRBU ) 1288k ST b
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dSL PYEITEIVTIVIN—H—

2o A—=Yarvie® L7y NV N— 4 — (Joseph Frederick Engelberger. 1925 4E - 2015 4E) &
1980 412 “Robotics in Practice” #ZF L TWA, TOHARFENRIE DA o Ry P TF]Y & LT, BMHX
FORMNEREZOTHT 1984 FEICHIAFE2LSHEI N T, 2= 2 — FOFHFHIED L ) 7%,
MPRVAEERHRARTH S, Bk, EHIIEICTRY FEBICHED-TBY IWHTRy T Z2E5E
T—ERTICMo TV B2 BELDVPSHIRIIE V. BEZEHM O Ry ORBESFOE 57272
HFIZHZBEOWTWAD[SEBENTI= A= a y ThaWwhd]Enw) T2 o702l Bk S
HueXRy b T4 BEESMNEFETHICT Y VAL 2y a MEENRTBYHERIPSOHETE 5,

NEHaRy NT%] O P VN—=A =D, AREFTOGIHEE TV 2Weds, TOFRILD
BIC TRy POBERSTLE] L) IR=IFYVDOIyvA)JiAf v ay sy a ryHPEHIhT
Wb, MTPLEROREETRIVBN 072D, FOREHEIITAY Y27 - 72ET (Isaac Asimov.
1920 4F - 1992 4F) T o720 TDA ¥ ¥ 27 a TV EZRITHRTEKRY M2 EEXBDTOERY
FEEFEHIAEZEZ722A1201F, Ry IAMEDLND L% TERE, FEBIBLTREV RS &
FEZ, RO AIHEBE LT TRy bTRZVA, IhhbiERIRCZEAH, FLTaRy M8
FoOHNLMAEEZT X2, AMIZAIENTEL SICHMbEh-HEFICEDLL LA LT LD TV 5,
LA TEDHED, uRy MIFOPNLLFEGTEZIT2 LI 1d ko720 LaL. AB2ERENTHEL
S BN AT D> TVD LI o E) PR EEMTH S, uRy MEICHEDL - 72
BMiFEE LT, 7YE7OHFICBRZON TV RWVWI LIZIEAS LA %,

TYEZRR YT TAEFNIJTRECEBEL, 7y 7Y Y THEL, aury 7 KETHEIHE L%
PRLTCWE, ZYFMN=F =T Ny 7Yy THEEN, a0 ETRKETHEATYD, FHiEEHLT
NEBBEDT, EIPTINESTVEDD LBV, 55D Y FVN—H =260l Ro727 V%
T, —XOPFEL EIRBEL 723 b 25 s, HAKICIE. 2 2 AL Y = v FIZBEICIHAIO M
KZhoTWwiz, EES>THRLWEZATHA, URY MYy FOaATFKRKL—va yRohsHEHEEL,
BIREOFEZE [FH-] Lo THRIIH- 72D ERDEN) ZDEDTH L0540 4 D& 72
LIZFHREIZEZ S,

MC41 FYETEILHFILIN—H
(152 b BB (BAROR Yy Y XTLL LTI L—2HBR))

SER
1) 42 Joseph F. Engelberger: Practice in Robotics, Management and applications of industrial robots,
KOGAN PAGE, 1980.
Vak7  F -y MN—F— R Ry P BAEE. EANSERERR 1984
2) TAYy 7 - 7YE7 7 YE7EE RIERE. ST 1983, 1985.
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FHEERI OME Z R L ze T2 FIMEEEE O 3 %,
1B —KRT T TYN BRI BOBET5 X512
L CRUSIICATRE 2 #0 2« [FARBEAE L ZH DU T o S iy
ELTWwWh, 77Fv270ury NETRADOKE %R
R E 2o DR ZORMEAGM OHIZEEF 722
ETH5b, 1981 FEICGM HEZ LD T Ly 7 A
& o2IFIC, #1982 4£ » GMFanuc Robotics D%
VASEY . 7 7 Fy 7 OB &SR A
SN,

45 FANUC ROBOT MODEL 1
(BEXH 410 £VEIA)

4.1.4 KFEEEION Y D[RR SCARA DEIH
2020 AERIBH O A R O REFEH 1 KR v b AR R AT
EBLZE0 AT, D) H65%WIRB 6 %K &
FTHEEMEHATR Y b THEHH. TRV TS
DH19% % 5D 5 KFHEEHHR TRy b THhHb, KF
MR TRy ORI L 5 7-00%, 1978 41215
KPR TR S N7z SCARA Bl K v b
Tdh s (X46) % BWEHHIZIIER A —H OWFEITH
BRI A THROBIFICHED ) . Z D% RFITHET
Ly MIAVTIEM b L7-u Ry MEREE LT SCARA
(Selective Compliance Assembly Robot Arm) #! o
Ry FZBFE L. SCARABI TRy M, HN X
D BEMDOMIVEDS R 72 DS Z R E LT s W,
BEFRGOMALTOE I LS FIZHIAN
JAVERENL W EIZEH LT, LT HRORMED
& AREH M ORES R EE L2 a8
Selective Compliance DHETH 5, Flz X, * T
DRYE AFALR EOEFETIR, B S FICIdHEED
PUHETH LD, KPFHFEHIIE, A YVRE Y OfiE
BELINTOTHMFEOMEIM > T NILITR
WV, L WIHIEZHTH D MR HTDH 5 A1
AL, EENIAEEE W, EwW)REEDL o TE
D, SCARARIO Ry M EFhHmZER—=LVALIZL

LEBE, KES % 2 Mo nEEEEEEE 52k
Ty K X W OECEZFEBL T b, K
HIZE, BEHICHEBEOMET L Y ToIGEE R E L
T AR H AR A — H OEREFAMER 25 O
ZM%EY [SCARA v Xy MEE] 20 b Bz,
SCARA 1Ky MFREATIE, Ml & BB Z ED,
ZOH%IL R, MAEGOKEAEI OB L LT
O SCARARBIT Ry MV E NIz, REMETH-
eI E v a—2 7Y VIBETH SR
TRy MG EBENGET A0 Ry A=A ThH
%o SCARA WIZEE. 7473 7 ORED S
FEIEN, ZOBROEFEE L TIKRT 5 HEFEHEOITH
Lotz

SCARA M u K v b o HJErid, #IZIZHE L 7
Selective Compliance T - 7245, 4 #ilik 7 < T B
AL HARTRETH 5 2 & KE5 M OBED A
PR 2 MO B HGREEIC R ) B THDL I LhD, DL
2 FEH I i H. 2 B iR 3\ ol L 72 K2 BB AR 1 oK
FELT, HHIRELSZTFANSGNE LI T >T
Vo 2o RSO 20% % 6 B R & % o 72K
Mo Ry MIARFEOTRY FTH D,

SCARAEIOR Y b 1 544 (4.6 p.44 » 55|H)

Selective Compliance (4.1 p.25 » 55|H)
4.6 KFESHOKRY OFERE SCARA

8 SCARA FAIERIZ, 2008 4FBEIZ B8535 00021 [HEFCTERF & o 72MEEM TRy M & U CTEERZEAM R ER Rkl i)
IESREN TV D, FoRNEORIFEHIZIE SCARA O Ry FORFE T8 FDOL Ly FUN—F—HEZHLTWb,
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TRy MEEOBELORT, IHEEZRD L, H
FREIICAZ D AT A F L VIR T, B o dRin
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ERPLHAEICES T T AFED LTz TRE
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WoOKE R THEBEECH 57209,
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AP TRy PO UEMTH D EE LT
Hbo BWEELLOWMY LI LNV N v
FHET, A7 —Hhitk, 12— UKL EodE¥Eon
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& — b L72%% 1980 AR LARE I X TR B 2 AL L 72 412
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TWS—BUSU—X 1990 (RE)  IX/GXVIPSU—X 20215 (%)
47 WBEREZERVELORY FOSE
(BEfEMH A 2 —151E)

4.1.6 1960 F{. 1970 FROONR Y FRIHER
flTDsE(

1960 R HERE DO REM TH %o 1964 £ DK
oA ¥y 7, 1968 4EIZ F A4 v & v T GDP #:
FUEE AL OREFRE & 72 )L 1970 4E KB E 15
K& HARBFEI RO TN TH o720 RVWT

1970 45401k, A4 VT ay ZiIck 2 iEk e, M
DTSRI~ OBAT 2 EREFEN 2~ A T AER % 5w
kLT, EEEREDLSRERENEBITL TVo 2l
RTH %, BAEEOHL D SRS O FALFE T2 S
HEpd, BB TREON 77 EENEELL., %
M7 F—7— F b RKmAEED S % il w4 g,
HBEERDPSBEEN T FETRET 4 V7N,
HEPSBENEEBLL Twolz, [AH b= 2]
B ORROBEMOmNELH L /F—T7—FT, <
Aza7atyd, BEY —K, BERELZ DX
Fa =7 ZAFMOFEI TR v b RICEN LB
TWo 7z,

(D=f4zuFutyH

1947 02 AT&T NWVIFZERT D28 — 7 4 — ~ (John
Bardeen). 77 v 7~ (Walter H. Brattain) 2% + 7 ~
VAR L, 1948 4EI2Y 3 v 7 L — (William
Branford Shockley) % il 2 72 3 % @ #L4% TIIEZE T
ELTDNT VIR PFEEI NI, TOBRET MK
BIEROEFEPSPEEETFTHL TV VRIS
BXb ) HEEWIZT V87 N CIHBEEIONES 2D
DEZoTWVol, 51T, 199D TFFH X - 4
YAYNRA Y FDOFNVE— (Jack StClair Killby) O
EARAERR PR OB ANERF 2 4% T TR I B A I i
(IC : Integrated Circuit) THE SN AL E 72 5 720
AR ] I O BRI X 1960 4E18. 1970 4L &
—ZIZEEN, vMraTaty FOfEEN LB S
2o MHIOREH~A 70 7oty % & S5 Intel
4004 3FEFREIN-DIF 1971 4T, BEHAEZHK
& L7z4bit CPUTH o720 HlERHEAL VT2 5
1974 s O~ A 7 a7 at v % &Zik L7 8-bit
CPU @ Intel 8080 23383 S 4L, MM D8y 3 V2R
MaEhiz Zoblzo b~ r7ar7aty BOR%E
BRI LLARD, 4 VT h 5138080 D R D
Intel 8085, ¥4 175 8080 d LA HIEE N TH 5
7280, =3 DT —FT7 7 FxER—ALLED
o —Z ®MC6800 7 & 8-bit CPUA K 4 & FEFK S L7z,
KWTA ¥ 7LD Intel 8086 (1978 45) . E b —3
@ MC68000 (1979 4) 7 &\ 16-bit CPU d FEF S 7z
A woa Ry Fary hu—I~oRMIE ZElt
FEHSHEZ: 8-bit CPU T, BEEMEZF DR A A AN RE
BNz Z80 DEEETH - 72

oKXy MIvAzarary 28T sIeick
D, TRT7IITVERENERT, AEEKE LTA
CZTFANSLNG & 9Tk o720 TERDAFERMIZ,
HIIZIS U TR & fl g 215 ) CLHAKTH -
72T T TNREENCE ) PR F - 72,
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Ry hA=HIlloTTRTIRTNVTHELEILED
Ay MEL BeA RARRED FEBLR B 4 7 il 2 AL A A
AT TAILDVERTELILTHD, T—FR
VATLAA VT TL=FIZkoTOTU T T TIVTC
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MCELE—IPY—RE—FTHb, y—FKE—%%
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. =R E—F OmIRRRE LT 5 o, =K
E— 2 2B L2ENIHE (X7 -1 s o= X)
THEBY— R AT LM T 2 L8 D 5. 1960 4
225 1980 AU T TEBY— KR 27 L OREE
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= REM DAL K TH - 720
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PO E 5 TS, 1970 FRMEOF A VT 3 v
7 ERFEE LT, TANVEF—HEEZEIHITNELTS
R B L O BFE AN S 720 RN D SR
WCERIMAEND 2 ETHRIAIL D AN T LI TDH
BHED D B0 FRLDOIIRRLBR G A &, SiHO D
HWE—Y R EBT A7 D EEH I N, 72
B4 % AR D GO SRR & 2% S AT 2 B BB DS
HEINLOH 1970 FERTH 5. TN S OBMEM L%
SHEAMOMLIZ LY, N TH o 72EBHY —FE—

Z1Za ARy b OERENAE 2 B EEH & 1572,

MR o & L Cid, BREFE TR Ly,
BRI ROETF v v ax—y 07 Fa skl
Wb TWIz2s, 1970 S0 S hFEX T v a—
FAEbNE L)ootz FERT v a—513,
T AN MR 2 ) v N RVES LI D - 7208,
SRR A 3 2 B O FEEI XU R
NG — VIERASIRE L A2 ) LAl TN 2 Il s
CHELTHAEINSL L) Ikl MR SN/
D\Z s AT G T & T, MREAS OV A ETR S
NBZAL V2V AVINIYa—FTHs (K49, 4
YOV AYE NIy a—=F T, BEKZKARICIZE
ARy b ORI 72 5 R AL 2 5 O A7 & A3 2 5
I MR R 2 R ETE LEMES L ETH - 72,

B, BETHELAMN R /A4 AREOECHY T’
LYW INLGZ LD 5,

(EER7A)

(EIE=TFA) X
EHFIAIV

BEFIAIV
(BZEF) (AEF)
DCH—RE—-4 ACH—RE-4
M48 #—KE—20iEE
(iR - = BHBHEH)
EER U H
RRAAF—R ARk BffE?\')"/h
3 \ /
\ ] |/
o O - S
oy o\ I
NEZI STl
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ZHER vk

AU X BRI T A—E OIS
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BE T — KT, Y —KE— & O alfEfFE & oz
BULY 1 = N (e N A | e S e Sl N ) 1 K 2 R (B
%o ORI ZHIET A PMiA ST —2 L s b

9 RARA DI B TIFIRMIC DL S DHAARHAEVFEML TV Do FFET RS, 1917 FOARL IR (L RFHL
WEIRF) L 2 WA N LM TH 2 KSHOFEW &, 1982 FEDFIEN CHRH AR EIR) 12 & 2 BUERIRO B <

HBAIF Y LHADEYTH S,

10 SO THEL 2 T ANV F—HEDOZ LT, WAHOTHMAZEAT IS, SOEWILT 27D HP ML ANVF— (L AT
VYA &L RGO CRIRAEAL T ZBNITEA T SRS THALD WIS & B F B MR 255 2.
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PR TH D, Y—KRE—FOHEEHES5 25BN
WA E LTk, E—2 IR T2E N2 /L 2
FITH 2. TV AFIORFE B ZEZ T 700 A
AL S &% PWM 2 (290 ZMREZ R )72 ¢ Pulse
Width Modulation) 7%V A5 DWg % 25 2§ &% 5% %
ZAL S ¥ % PFM 75X (780 2 BT /750 © Pulse
Frequency Modulation) 23R & 11 5 (X 4.10) o
FA L b, PG SN DA ES) & R LTI IS A )
L. TN%E ON/OFF D A4 v F ¥ 72X YErEosx
WAHN R BT BEMTH 5,

(a) PWMATL (Pulse Width Modulation JULAIEZE)

L]

T T T T Tt YT T

(b) PFMAT (Pulse Frequency Modulation /ULRERERZER)

" T YT Y YT

410 /NI RIBEHHARX PWM &
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NI YYVRT DN SRS — L8R
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POEVEIED R ON G720, BRy bOREEE L
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b3 ¥ b E— 51213 16-bit CPU 253RH S LT w7z,
CPU @ bit $2s EAs5 & AREIIZT 2@ nick &
B,

16-bit CPUFRMIC X 0, LGRS 1 7 Vi
B S, S D ATHEAY A ) 5 DU o B g
RERT DHRDHET NIz FEANY 2 {7 18 {5 5 8 D
NoBkRE L2, SHBE D AT, Ly HDOIEH. 20
D EHMBLE ., & 5 I BRSO ERN Loz
DORMBEHALRETHL, ¥~f7u7uty Pk
574 T ZIVEIEITIE, TS DBERBICHIE L 72% <
DIAT %, MONIZEHETF A 7 VOPCTHIEIZA S
Va1 VI T HUEND L, 16bit CPU TII%
KDY AT ZELEDLIENNRELE RoT2lzD, 20D
% DINTFF AT & ZNENFFRIFMNICHEIZIZHE
MTCELLHIITEFEHTLITIVIA L - ARV —TF 4
Y7 VAT A (RTOS) BLEE L5720 HOW D
wx A zuraty FEEERL THARARY 7 b
L7 OEL L OERE - iEE A T2 X9 13ko
721980 4E4RIC 13, MARA Y 7 b7 7 H D RTOS
BB SN, aRy barybu—53 16

194 7ua7atyHobit RUIFFIZAHETE 2 HMEOKRE SZ/RL TS, 8bit CPU 13K 256 £ TOHMEZ FEFLIA T X

%75, 16-bit CPU Tl 65,536 F TR TE 2 X H 1245720, H#EWIHARIIE LS, 513/ 7v 708y (1
FEMEEEBD D Y. ZOFBEBTT = WBEDBITDN D, £ D72 DEERMEEAE < b L ALBIEH b HELE b, 8bit
CPU RO EEE WL 1 MHz 7 5 ATdH o 72H% 16-bit CPU TIIEERA MRS 5 MH z 205 10 MHz £ TEA - TH Y,
BRI O T H —Hil < o 72,
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F41 1970 R~ 1980 ERDREM Y1 7070t v Y RRE

bk e BB A—h% 3
1971 & Intel 4004 4-bit Intel HRDDOEH
1972 Intel 8008 8-bit Intel
1974 &£ Intel 8080 8-bit Intel HH A 4 R
1974 F MC6800 8-bit Motorola
1976 &£ Intel 8085 8-bit Intel
1976 &£ TMS9900 16-bit TI
1976 &£ Z80 8-bit Zilog 8080 LfuH#
1978 &£ Intel 8086 16-bit Intel
1979 &£ Intel 8088 8-bit Intel 8086 M#41EB/N X 8bit
1979 & MC6809 8-bit Motorola
1979 & MC68000 16-bit Motorola BRI 32-bit
1982 & Intel 80286 16-bit Intel 8086 it
1084 £ MC68020 32-bit Motorola 68000 MD41EB/Y X 32-bit
1985 F Intel 80386 32-bit Intel 80286 7 32-bit %t
1986 £ R2000 32-bit RISC |MIPS =D RISC »
1987 &£ MC68030 32-bit Motorola
1989 F Intel 486 32-bit Intel 80386 1£#ix

bit CPUfL L & BICRTOS ZHEATAH I L2 LD,
ARV TNVIAL L - VFFZ AL -aryta—F
ELTOY T NI LT - T—F 77 F v &SN
Twol, Uk, ukry baryitu—-50v7 oL
THRIBE, RENICERMEL TV 2 %5720
V7 b T OB %ﬁ%w%ﬁﬁﬁ#wn+/b
A —HEKD—DDHEH & 72 572,
(2)uXy bEEICEILZFur ST VNN E
P2 ONTEEERBRY RS ZETOT4—F 7 - T
VAN I pHAF—FL7cBRy bTHAHH, H
Ry POEWEE -7 0 ST ATRHABTEZ 0Ky
B BATLILICLD, AR Ta I3 T
VaRy M b, CPUEZERLZ-TRY M2l uRy
MERICER V2TV A, BWoa Ry MIFEH
#@%&?4—%V7'7V4N77ﬁﬁ®ﬁﬁ’

Moz U Ry FEEERET A0 a2 —
ﬁ%@%“tﬂ%@/7bvl7% SRENI B LEET
HHTO, BREFHIZBALTW/a Ry M A= D

Z AR IARETH o720 L, Ry FSik
B L Tid, 1970 SEAICRICK o K » b B E Al o
RSB CHATIIZE DT DI, HArNAE D A S
TWwizizh, BE LR LHMIL 572,

Bl 2 E, WMEBB TRy NOLERE LR
ZA—¥ g TR 1977 412 GM @ A E BT 98
M5 OLEFETHIE L7 BB 0 6 fill 515 % B fHi A o

A v b PUMA (Programmable Universal Machine
for Assembly ¥ 7= ¥ Programmable Universal
Manipulation Arm) %, VAL (Variable Assembly
Language) E WO TRy FEHEAZHFEHRL T/,
VALIZO Ry MIXBMALTHEEDOTO T T I v

WE Lo KRy FEET. IERICEHMICERE SN
CEWRTHI, ZLOuRy P A—FOUKRY +E
RIS TEE L Sz, VALIZD &3 & 1970 4RI
A E 2T+ — FREO N THREWIZERT (Al 7 K) TH
EINMEEH Ry PEFHALOY TRy FTH
%0 1970 FFRDA Y 7+ — FR¥ ALl 7K TlE, o
Ry ~ ORI, BEHAL T, NI FTA VAT
L L% OMFEEEAIAT>TEY, Thboff
Jex MDD B 72O IR E VAT A BsERREE LT

VERRREEE | BMETBERERRT D
BiE S BFEERBITERL(C. —EOMSMOIR
REZE, BIZIEEPROMHIL UIRFRECHEEND

O

HSAPREEEREE : FENROZ(LERRTS
EENROZ( 2RI BB EROMY SOBYE
[CRERENS

E{FseiS3E : DRy hOBIEE RIS

Oy bOBMEIERIMEBEDESIBIERE, —E00

Ry bORIHESRICRRLI> S/ LI LRSS
(]

Dty NI
[5>9453%>F : DRyhI>bO-50KGI-F |
I I

Oy bo ShEbHEES.
BYERARED TAHEDA
329 AR

415 0Ky hEELEROBHEH
(BEXH 4.6 p.42 »551H)

20 Reduced Instruction Set Computer OWEHR, I v MEILRKIC X DML L 2 da—F2@BERTl 7 uy 2 TR EIND

BRET — FICHELT 2 2 & T mHliZ Mo 727 at v i,
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Ry FSFEALZB Lze A% ¥ 74— FR¥%AI
T RTHR SN Tz B A TIE, EERCE, 41
AT OIRIE L TN AEMAT T D 72D E R
mDEPNTZIRRE AN THIEITED, BRY M
LA CTIEEZ 1T D 2 N TAREIIZE TH > 720 1%
FLaliE, BUAIS RS X 9IS, IRWIREERC R, #1
AT OIREZE &9 B35 LKA AT
SNBNIIHHEN, S SICEIfRlR. F02 bE %
BT 272D EBOEEEBT, LoXHicuakRy b
FIESENUT I VA, Lo BiE0REILIFZET
bdhosco ALIZENICHELBELRSEE LTK
BEHEE LTI 28 LTHESI N, 2=
A—3a Tk, ALBHBEEOWHI /T, FERHMZR
AL TRy MIBERT 272D ALY 71y b
LTI LD VAL TH 5,

LAL, HEOT Ry P A—h &4, aky V5
FERORBIIBVWISHMBAOREZ D720, X
CEARSHORBEE2L, ELFAEIME DR
M AT —beBoTLE 7205, 1980 FCIL
FELTOLBYBESTICHLIRREELTH 2720,
TRy FEHEOMRLBESFO—BRTHol BRY
b T34 T 1980 4E1RIC, ERT—ou Ry b EiE
ELTSLIM, uRy PEiHEOHR—PHa—FELT
STROLIC #BiZ LT, JISAL2 & Sh/z2s, g Ry
b A —h —FAETIHIEH S e o 72

%GB, ZTokouRy FEERE BETOL 00
WEETI 2D L0 K415 oLtk SiEo L
NWVICHBT LT II v e R—1 3533
L—2a Uik ZmIL L7225 7 1 v 7 A & 5
L7 3wy — Vo E 5 s kLT
W7z,

(3) EwEyH— &

1980 SES O IRy bDT 7 F a2z —%ELTIE
HHOLRTWDCH—KE—F LA T ) XN
IV aA—=FOHMAEDLETASY — LA, 1980 4
R#EFICE, ACY—FKE—S 77TV a— b1V
I—FOMAEDLEIIE 572 ACH—FKE—% X
DCH—HRE—% & HABIEITHE L < % 2755, /NEIEE
BT MV OREBHEICENRLTE D, RPEEESE
ZHENL -0, bRy MW Tw
(12 4.8) o 1980 4EAIIEE— 7 DEIIFIE D 7201273
J—I L7 ta=s AFMOMEL L HRNTB ), IrE
DRWENVEY T4 N =5 B, /<7 —
PEAKE LTI = NAR=F5 bV IRAFEER
HENT VIR ONTTORWEZ LY 25 5 IGBT

(Insulated-Gate Bipolar Transistor. #fifzs” — b3 A
K=F bF YTV RY) DFELR EOBRD LA 5T
Wb, INLOWREEEPT I LT, ACH—FKE—
FOHEL VKIS MBI RS2 RD, BRy F D
ACH—FRILA A, 72, =vya—FL LTEH
\2E— 7 O ML E S ANN D T TV ) 2 —
by a—PEENICRHAESNG X )12 -7 (K
416) o b &b EEFEHBARFIEAH LSBER A ¥
FVAYEINTYA=F XY, HERERDNDLT T
V) a—bLrya—FPELEIN TV, F7 AMK
I 2 DY — L R EACLENDH LT
TV a— b LY IA=FIEEMTDH o 72 1980 FEAL
WP R & LTl 228 — Y 2T %
BREAT AL, 77 V) a— by a—F oflitk
b TA o7,

EHIT, 1982 TN S NBIIETH IR L S
BAF TV AHAIZED, —KRE—F OPEYLA—E
AT, —KRE=FO/NULIE, TRy FOT—
LAOFETOAHEL I L3, HmEEE S TR
bbholze TD728, 1980 FEMRZFITIZT Ry b7 —
LAELTHVBEFORV 6 MiFEESHHIA TRy 23
FIF Y PTFHL R, ThEBFos 51t
THEITHILD, TOBRIEEKLITKRY P A7
DOEME o572,

BrE(A—K [@E&E EEXUvE DrhrS52O24%]

RN Ry

(P FEEEBDItZ1 T #i2ED—N)

FIUYa—h T2 aA— KOS
416 XFEX7ITVJai—rI>a-4
(B : ZFE) I I¥EHE RSt )

(4) PEMZEFE T

1980 Ef D T R v b A — A d A EH A 25 <
HEMEER OB N 7 7 EEEICEZ SN2, '
Ry MIUHAOBMERBME, oXy hx—h&
DN EEROBRICEVHEZ SN, oKXy MI#E
LM R b - IS SNz BRy M
SHENTN—F=y 27 FI4 TORBIEMEDKEIC
mEL, fEiCaXy bOTFEZ% & Oz 22HIC
NS B WEEH B 5 BRE) il o kA% & L THEBEMIC

21 SLIM (& JIS B 8439 : 1992, STROLIC i JIS B 8440 : 1995 & L CHERIN T 5
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PR SN X )T hoTze RVERZ RO
A 7 O gD 1984 £ 12X a Ry bl A AR,
MHEREN, Tz, 1985 12w N (B 77
A TBAERH) Fu Ry MEELTHZICT T/
Y MYy 7 SR O R 2 PR U 7R
RVMAZHGICHEAL, &b 5 b aXRy MREB) o
WAL LTIRKHRMAEN S X )10k o 7202 (7
417) o

X417 $EEREERVTM
(Mt © + 75 X afEtt)

HIEIR AT & AR LIR R T DS (C

I 4.3 YrmmmwElt (1900FR)

1980 4EARIZ G — . A — A AU DFEAGR Y 70 L3
Ly, MR EE R LAEEEN Ry MEET
B o 72 H5 1990 AT A D 23T )b I 8 L AR

—2 L7 MM EEuE. 1990 412 71,000 & %
R 72T L, 1994 F I3 E =7 Br S~
A F A 35% D 46,000 & F TIEK L 720 #wHHE R A
WHEIME I ASHE TV 72 A5, PSS SE o i B A
W L2 ENTFEOWBRIKE B L, aRy
FEEI KON TH > TN, T 7 HEED, TRy
FEENC HZ ) L) BRSO, BEMRE L
CEMbi A2 RBICHE U720 BR Y P X—AIZE 5 TiE
FHERBEOBR LV L 2o TLES25 KD E-
TAHNE, D TaRy MEEDOTME Y BT 5
HFOWRELS72LMZHERETHH ).

140

= ARORY MR B
— ARy NER A A | T
| — 2t RmEaR

| |- BEomEEGDP(EM)

N4 - 120

- 100

- 80

- 60

- 40

- 20

o R N W A U1 O N O O

o

DEERONR Y FHBOHR
ft 4.18. 4.19. 4.20)

)<HP“
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M O EAX TS, BRI B 2 A S
Beva7zo HEIC 1990 EARILE T 7754 R & 1 L BB,
M oMESDOREEZ T, V7 by 7 & B I
REMEDY 7 by LTy —hFELI#E LT, 20
R, 2000 FEICIE, BESEH TR Y MEAEREW
ELTHERE. MR CTORKEN ST ) X512 Ry
b A= DIGIKRAHEATZ . W RE = Hl BN 2 BT &
Te A= NDEEKRS TS A &R T2 A — B TIEHE
HE - PERETHI CORME DD R o T 7,

4.3.1 mEEHTOOMRY MEEDITH

1980 4EAL D IR Y b A —H ik, HHBEOE VAR
B E g L 7S 2 O T& 7z, L LT
PR, FHME L D IZHWHEICLE L S btk
DAL Z LY T AN T+ = VA ZEHDD
AR E 5720 BlZIE, WL LIICHZ S 6 il
ARy b THoTd, WM EHMALTHDE
AR % %0 7 — 7 W EE TR L R S5 i E A
HECTPHHEN K D LETH B 5% MAAENE TIIBE)H®
FERASIEAFEEASE S Cd ) M BRI I L5 5 T b
%o BB D L WEE SRR OIS 2 5 7212,
EHHZEERD AR, FNENOHBIZBWTLEI
L CTHooatpko b mtmamgisnsg &9
2o,

mﬁ%w%&twof% BREFEH Ry bogE
FHEZ L ICECRKEIORZ 2B w) T ETIER
wom%&ﬁﬁéiéﬁotu$ybx~ﬁ%ﬁ@u
FM B A, R OB R BT 20 O i
MHEATEY ., EHb S Nz Hd 2 @A LT @it
BUENTAL BT 2 AR 2986 il S 7z Hinid TR R
LU, #EEH®E = — 212 be 2 et g
LHHEEE. 1990 FERRD TRy b A= OEEL 5
J1TH 5o 1990 FER O BIHL L - BB O F
B% DUF ISR 50

(1) m#fLHE S 2> & @ LAL AR~ D AL - 7S L

YA 7EHuRY b

Ry bOYTTIVEMHEIZ, SV ATV IHE
ENDH D (M419) o NV F A Yy 7EEIE BRI,
BEITA PO RAERDILSINTL BER—IVHiI%
Wk Ly MCESTA LT AIEETH D, H5
W5 EET O MM TRTLFITbhAEETH 5
2 PR VEFETH LD, B rbaRy MEds
WfF SN HETH D, LI ATV TEEIFERE
NBIESERE T H VDS, BoR — VA ORI o) &
REZDIEFTRVOTO6 HHEOLERIZA % L
4HHEOURY bTHHTH S, 727 LEL AL




FHLENRBHY, KERETAMNE =22 UELOD
Ty 1990 ER DLy 4 VU ZEHuRy v LT
&, THRE R 100 kg 7 T A 2 0 4 Bl oo T A O
Ry MHEFRF L7zo 3RITZER THET %7200 3 il
OB L. ) ¥ 7 HEETEISE A MRS 5
Jeviollz 1 o 4 iifETh b, mAMEEIRD S
NHENRLEAL Yy ZHEHOR Y s OB oI TIE,
WA AR SE RE R & A 9 B A &t ) LRI 7
EEALFE S & o720, B L b 1990 4 A1 4
Hefi oA X ) A LAHEA ZRRTH B, T U R
T ENSER—VEONPALT, SLy b EOFTED
MEIZEWTI Y XRTIZRE>TL % F TORTERERH
(& 1990 4E 0 4 #7025 1990 SEACIXITIZ 2 B Ic F T
MINlze LaL. ShilbhuaRy b oBfEEED S
HACIZ BT ICHEETH 5 9 212, TEERER RICdH
FVENTRRL ol MEREEELAHET L2010
Ry MOBEEREZZT TlE RV, NLE A DV 7O
RN, Oy N OBEIRFRNIZIEEN Y FOR
PR S B  Bo —RIOIEETER Y b OB
2BTHBH, BRIETHBT 2N FORBKEE 2
LRI EDD D, VEERHEARTE3IRE RS, Iz
X OEEE 02 BT 5720121k, aRy o)
PEREH % 10% Fi6i 9% & 1 13y >~ OB PRH % 0.2
WM 5P EBLR TV, bok b, fifdiar
N7 ETHEYAFNTL 2B 3L E22 2%
L) ThIE, 1EERMZ SBLUTICEMLTD, 1
Ry b33 v Ry E TR OEE % ORI L 5T
BTy 3Ly b O &SGR N S e v
DT, HEULT 5B % v,
EHEEISROONB LY A4 VU TEETIE, 1
Ry PEIMEOEHELIIVLETH 2R TH L Z L1
BFRIZZR L, T wlEoa Ry b2 Y AT AT

419 BOKRy MSLEZA T2 TS XFT LOAF]
(Bt 1 =TT X7 LY — E Xtk E*)

YYEZT) TP AR O XS Z &1
BEWD DD, NLFA VY IFEPaRY b LT
M E LTIEEBHRODH 5 L)L F TOEHELIZMZ .
Y RTENRLVy PREEICHMNZEEZILA T Y
FSTEDZ LD 7 — . B4 AT 8y —
VI LR T W TR TSI vy =k, RL Y
A2 FVEECRURINICE D iR o 7oA MRASSHI S L %
X)W %holze FRMEREID, N FREDTZY P
T IS OB EE b0, B Ry
M A=HIIERET. VAT AL VT L= D¥H
HRAELTBYD, XLy Y rruaRy bogabHE
BThb, 7272L, BXy P A—HTEEPATERY b
ZRRTHERT. Ry FORDEENT /NS FO
R R B PR EE O FM T E R EHME L TBY, 2o
BME LRI AT LA VT 7L =% e ET 5
L HEEEr Ry boflifiE mo 7.

(2) JEBkBRB MO Ry b -2 )= V=20

Av b

1990 AR D R BR BRI AL R 1 K v b DUy 7%
Blid, PEARETER 75y SRV T 4 AT LA
(FPD : Flat Panel Display) ®#E T &7 ) —
V=2 NTHEBTL20Ry b CTHD, 727U —VIv—24
WTHRET 21Ky bR, REREAOEEK
M7 2R FPD H 77 7 A FEAR D A ESE R, B
FEBEH Ty INRH T AEMD S £ v - Ok
Thbo FEZOD DI IEZ<TY Ty
FY Y7 THEH, 7= —LDiEEES %%
D728 DRFBRES KA TH 5o
PEROBLGETAEIZ, YU 3y BICEE, &
o Ty F U7 e EOMM AR YELE:T Ok X
TEHEOYEAERF v T2 TOHLEE, ) a3y
TINEIHEY 2 EFNLEOREERTF Y TR O ED
e EEL IC /8y r — VITHD 5 2 LR THERL
ENTWD, B LIS/ A —FHOAN L LT
1990 4E4C 1213 %% 100 nm 2* 5% 10 nm & fhifb A3
AR, 7)) — 20— AR SN DB E A
HELIZONTEL EoTWwol, E5IC, Wi THTIX
Y)aAYIIN, HHWIETY T YT F RN
HLizoInhty bR 2 L1275 % HY1990 448
WCAD EREEREE EIF 72012, Y)aryIno
H A4 ZA5150 mm (6 1 >F) 5 200 mm (8 1 ¥ F) .

22 0Ky bOWHERIZ, TRy FORETELLY FL 722 7 + O AFTEETH S, L IA VY7 uRy bOYEHOT
YRIZ 7225 LTUIHERRION Y RRWAER DSy K EhMfibi 2 25 TG & 100 kg 3. B 213 20 kg DHFEN > KT,
30 kg DWW % FHIFIC 2 A T, 2P OB %Fo> THGETE 2 L WIHHAETH 5,

23 O TR 7 ) — VIV — A DEFEOBIEITENC X o TR - TW7225, 1999 I [EBSHE— B ISO 14644-1 25H) 58 E L& E o
HKIZISO 2T B HHAINEA TV S, DEid, 79U — YV —20FEEEL LT [Z7 Y — V] OIFHASH SN TWI255

ISO NOBAFIZ LY, DET OB & ORI Z T 5 72012,

HAREOWFRIE [THEHFE] IS —3hTwa,
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5121990 FEAREKIZIE 300 mm ~& REULHHEA,
HILLHEAT, ThHEFRELT, 1990 F0}E
PRI T Tl AN DATE 2 B HERE L 72 BB L 25 HE A
Sh, Ry hOFELKRELS L7

75 v MSXRIVTF 4 AT LA (FPD) 1%, 1990 41X,
DRFFEFHFE M ] % %8 T 1990 4FAC S = EDIEE - 720
FPD 121t~ 2 i Xosdh 5 . f0F£W7% FPD TH 5
Wi T4 AT LA OBE TR, BESA L 2 FFC
TEDAD D X ) ICKBDO< Y — 7T ZAHM EI L
FTULATR/NGEFEZED AL TS, W3R
MEVAIF NI —H 5 A%/ A L2558 L
T TFT AT A, B TFG—=TANVE, Nv 7 T4 g
Erfiatbe, GEBEg 2 AT TTA ATV A
NANE L TEBESELBIHETHEIN TS,
BARBLE L MRS, RERRE DTS 7DIH THRT
B BRLEL DA NE T LD THETESL LX)
27T AFERDKRBULB K S NTze SHIZT A AT
LA DOKIE=—XbE LT, YHF—FFADK
BLIZ 2 AICHEA 72, BT LRICHA SN =7
Z A% 1990 FWE I I — AL L IFIE N 5 300 mm
X 400 mm 2> S F 0. 1990 AR ITIZ AL &
¥ 5 680 mm x 880 mm F CTARAEMELL., #F A
DEHZDH 11l mm 2507 mm~NEFH L Lo Tnb,
1990 SEAREIX Z A D 8 = A D 550 mm X 650 mm
DRYF—=HFABH720 05 ANFTRFNITLLCRD,
TRy M X AR EEME R E - 72,

Ty MRV T A AT VA DN —H T A%
. BBy TR e Ry b ofl %K 4.20 12
RKYo 7V =Y V—2HNOWET Ry M, TRy b
HENEHFEZRTEELTI (7)) =Y V=24 TlE
aAVEIA—Tav, LTI Yy ILIER) ZHEHE
LanEHicgda2e, LTy hPv
Y= T A%HGR LBV L) &I T 5 2 LAKD
bNb. 3. Iy IXPMLEVERTH S, B
WA XD T BRI AT D ) 2 2 H R ED TS AT
%o WMNTRAETZHEZIMINS RVIDDY —
WHEREIC TR TH Do BWHFIFENEREIND
WISy — Vi EOIEE Y — Vv 2R T 5 A5
WEOHRE LTUE, BN Z BETEIC L TRAS D S5

RN~ ZZLROTNEMENLT bbb E 7.
TN v 7 IpERITH 7 ) = v — A
NOFT > 7a—=5 280, TINRIHF—FTF A
& LRV )T, MG, ks sy e~
PN FGALDLT T LD L) RMEETHI LD
VETH D, EHIZ, 7)== Ky b
EWAT HBRIC, METICAE LTy I 2 RED
AFE VDI, BT 2 G B2 0. WA
KD FETfE 5 ik 2 B § 5 TR frbh . b,
7Y —raXy FTIE NV FIEET 27 v
PTG ZADH A ZZhHhbE. 7 — VEHED-D
DA AR E DI & a Ry~ ORiER kR
EEATAERICR D720, B Ry b A=A 0Ky
Mty FTHET A L)L o7 TOHT, 7
V=Y v—2HBRY MI, NV FOREHEEN Y A
TEA VT —=FICE RN MO BEEH TR Y
FOFFEL IR Y, Ny FOREED K& B
BFIITH 2 B2 HIR O LB TR LT
ZOMBIHFD RSB ET L EBBF LR D
HBITH %o

—_— e e
=
£

RESRESSABAMGER  FEADL) EEHUEH
K420 7YU-—>0Ky bOAF
(BRiEH | ZFBRHASH)

432 mEoso—/\uk

INTOVRRE B, 1990 SEAR O H A B3 3 0 3 A
B EROWIRIZI LA o 720 HARD B SRS
A 1990 412 20 JR T 288 2. 1991 4E12 22 k1 %
Mz BERFEOY — 7 12# L725%A 18 Uy 2002
BRI =7 RO F THELAAL, ZOHNIEIE
L7200, BEICELFT2RMNEB2 /281
M, GO R Y b o MATE RIS O 2 Kb

24 759 MSEFLVTFA AT LA, 757 VEIRDLFRIT A AT LA OBET, RERZDIZ, AT L EIbh s #HE -
FGUTAIICEBT T AT M) v AMOWE T 4 A7 L 4 (TFT-LCD : Thin-Film Transistor Liquid Cristal Display) T
%, TET-LCD &t LCD FiEi Ny 7 54 M%<~ b 7 AWK L 72/~ 7% RGB (Red Green Blue) i3 THiRL S
BHT—=TANFEBLTHENLSEDN, lHrOBEORN, FBLEHHT L LICEY 2T —WHEHKT 5. WFEDOT.
oML, FEMET LK LM NS Y VA THEZ I Y b0 —)b$ 52 L2 X 0O Z I LtoEEz
32 R ThH B ZDEFE I FHOGHE A2 RCGBH % & LTI T 5 4B EL (Electro Luminescence) 288 L & Tw 5,
1990 At M E:X, 79 A~F 4 A7 L 4. FED (Field Emission Display) 72 &% ® AR E I N T Wz,

25 70—V I—ANTIE, 3V IDPELTORFIRTICRVIATNS L 9IS, RADSRIZAID > TERLADTHND T v T

O — % FIHERT M & 2o T\ b,
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LTBY., 199FEDBLZ6TTHEY -1, BIE
KCRBLFTINZBR -2 &3y, EPRmI AT
1990 4EAC D 10 4E T 40% D~ A F A & 7% o 7295
L 195 E T L, BRI 15% 55 47%12
PR Ll AR 2556 & > 720 1990 4EAC ot &
LT 7 I 7T E 22T AHT BORIG A3HUL T
Hbo ZORMOERILKON R, WIS A LK
L7z R E V) I ik, HARDOTR Y b X —7 Difghi~
DFFERFBICDMRE AL TIVEKTH b0

B O I H By B SE o dEAMVE LRI B W TR,
Bl CIEHBYEOALPE T OM R B3, Bl - M 2%
EOME R — S OB AR S HED 720, £
oKy MEABSS MRS 5, Zhica Ry b
A—=NDWIET B72DICEELZDIE, RTF - F—E R
F ¥ VAV OBHAKKRILTH B HEHRE T T
. BRy MCET S b 7OV gs AT LT ek
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