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FTTIENnTED, £, TOREEEDT, FEREEDOH DD LH L-VLZBW TR LD BAEET
DUFET BB ATHHEMNTHI LB TE D,

12 ZOHA NIZB T HRERLEL, T CIcBaEIth o T30 A EERE 2 ICMT s 2 L 2 AR E L
ZbDTHY, HIB/DT VA L FERITFELICHTZ> COEERN G Z BRI E L2 D TR,

LL, ZH6DHEEREDO NS DE, HiEE v FOBRRSCAEFEF W HEHZ2E2BOTH I 2 b
—Ya MR TAHAZ B TE D,
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2.1 THEOEERIREZZMT DI1201%, PR Eb 3HBICOWTORIENKLETHS, Thbh, R
EE), BEEH, TLTCaANThD, ZOHA NiE, BEEEOFEICESEZENTWD, BEEA
Lazx b (BEOZEOMORBHIER) 12O\ TIE, Z 2 TiEHbiv,

1 OSEIRIC BT DR EIEYEC SOV T, TREFH 31 0R3-1.1 ZB RS-0,

22 ZOHA KT, —RKEpotcfliET A o2k (LER-T, e, #idEay BV Tz AAERE
TA RN, BOR-S T A9 L3 00) ORIERKEIZONTERNS, [FUTHENOEH DR
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3.1 ZOHA FTIE, LHL~LOAEFEMIL, MEBIOANFM, A£ET LT3 ZAOREFORME, BED
THER Y, THZENERORBMEZBIT-ERICKESEEINDIEWVW) FRIEETINENRND D,

32 ZOHA RiCBT2HERLEL, THICHT 5 8ERREO 2R 2ROt Z B E L2 DO TH
>TC, LHENOMES (b2 WIIREDHKS) 22T 572000 TIER2WR, —HoOERICET S
HEEETI NS ORMEZCLERTL R TE 5D,

20 Zhs 2 DORE EEDHIEIC OV, TEIERFH 3] OYR3-1.22BRBOZL,

33 ZDOHA FTREET A v ORRYZRAEMEICET 2 RIERME L HEFEEZRT, Znbidvndin
b, RN TIENE, AL TOMETREZRD Z &7, LTV L9 2B0ERE (72—
T7 7, 7Ty MRARNVTY, —EOT 4 A0 RTA TRER R E) OREMBE LELDOTH D,
INHORERAER, vo—"FERICBT Oy 72 ROF vy TRETEICOEHT 22T
D0, TOBRIZIEY — R 7L —AFRETRETEIRIMETHLEEZDHZ LT D, ZOTA Nidkt
KENCHEIE St L 0 MR RGBS (AL CIREA &) 2NN —FT52 e n”EZBND, £T-,
LS ORIEIRMENBIMENS Z L, T TRAZRERENEGES N T2 T —TRE2EbAE
HA—=FBEDITREE LIV, SBIT, Tx— A BEOBANDL T 7 T OEEELRIET HH
RREERNRES NS Z BB BN,

4 SBRAVA—FBLUXE

4.1 SEMI X 8 2 50— NI L OZE20S N Z74 >

SEMI E10 — Specification for Definition and Measurement of Equipment Reliability, Availability, and
Maintainability (RAM) and Utilization

SEMI E35 — Guide to Calculate Cost of Ownership (COO) Metrics for Semiconductor Manufacturing Equipment

SEMI ES8 — Automated Reliability, Availability, and Maintainability Standard (ARAMS): Concepts, Behavior, and
Services

SEMI E79 — Specification for Definition and Measurement of Equipment Productivity
SEMI E116 — Specification for Equipment Performance Tracking

EE . BBERORWEGE, SIS aTOXXEITRREET,
5 R

5.1 Wsaids & DR T

5.1.1 CONWIP (Constant Work in Process) — [& & ft#

5.1.2 COO (Cost of Ownership) — 2 A N AT A —F— v 7

5.1.3 GUE (Good Unit Equivalents) — =5 K it 5%

5.1.4 OEE (Overall Equipment Efficiency) — 8 G2 E 3=

5.1.5 OFE (Overall Factory Efficiency) — #&& T30

5.1.6 THT (Theoretical Production Time) — ¥ 15 RE

5.1.7 WIP (Work in Process) — fH#

30 UFIZED DT X TORERLEL, MESNREFICH LR T 20T 5,
I 4: 163 D1 25 22 IZEL T OREEEDW O DR ERET T,
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52 E#H

52.1 X—7"> ME (actual throughput rate) — 5ER% L 72 BLEBAL DXL (finish units out) Z #aFFMH] (total
time) TERU7ZME GERR LD = — & ENZTHLS TN HATCE 52 0&27R7) &

522 HHIEZF (availability efficiency, JEFHFIE 2 i@ HFE] Thi L 72 6) — SEEDPTHIOMRE 2 FfH T X
DARRBIZ 72 5 F TIZHE T 2 K] & #RIREH (total time) & D3, [SEMIE79]

523 FEEY 1 2 LRFR] (average cycle time) — SERK LTo 3 CORLEHAL (23594 7 VIR (cycle
time) @ (GEMNE) FH,

5.2.4 FEITHG (average work in process, (average WIP) ) — 349+ 7 VR[] (average cycle time) (Z
HhAN—""> b (actual throughput rate) % % U7 (Fei&aOIZ B AL RS 2 9 B E)

LS. ZORERMET WIP OWRERBPEEETIEZ0, WIP ORFFPEIEICIE, SERRATICAY Zy 7 ICSn B BIE AL &
HPHTHD,

52.5 /NZ 2 XZ9% (balance efficiency) — RSt WIP (critical WIP) % T-F2GE/) (process capacity) TKR L
T8 CGEEBONT VADORELZRT) |

5.2.6 "RV 1 2 HEFH] (best-case cycle time) — BREmYA 7 /VEEH (theoretical cycle time) , F£ 721X

WIP (average WIP) %7K h/Lx v 7 ZA—7 ME (bottleneck throughput rate) TR L 72RDVTILHK
TWHOME (b5 WIP u—F 4 U 71220, TOLHICHO TR AR REY A 7 VR 2R T)

527 BRX/L—"> MHE (best-case throughput rate) — K MV R v 7 A —7 > MHE (bottleneck

throughputrate) , £721L %) WIP (average WIP) % BiGa# 1 2 /LI (theoretical cycle time) TR L 72pH

DWTNHVNEWFDIE (D WIP B—F 4 L ZIZHONT, ZDOLHICHWTHEELARER KR AL—

v haERT) .

52.8 N PRy 2 Z—"> ME [Rua) (bottleneck throughput rate) — BRI TA Ly 7 &7eo

TWHEEIZ L > TRED TIHANL—T y MED EIR, TREAEICL > Th 5RO OHIEIZERE
Cle%ey, ThbOFEEZT O BRI TREE O ORI ORG L LTHRI LERH D,

T 6: ZORERENENT, SEMI E79 D FMEZZ L5 P B i (i X 71— 7" | (theoretical unit throughput by recipe) & [RIFRD

fECTHD HLFEI—TIiFW),

FE7: ZOWERAES, KB ORML RS 7 Z—T" v ORI TIER,

52.9 MRIRWIP (critical WIP) — BRa@¥A 7 /LIRsfH] (theoretical cycle time) (278 bV 7 ZA/—"T " |
(bottleneck throughput rate) 4 3 U7cfii (LGB RE DY A 7 VKR TRARKD A NV—7 > M & FEHT 512

7> THERICFFASND WIP LVL2E£DT) |

52.10 #7 ZLEFR] (cycle time) — T3PN® WIPIZ 1 fHOBRLIERAT (unit of production) 23209 FRERE,

5211 FZL LG HNL (finished units out) — PEMMFITMLE T X M &5 T LZRERAL (unit of
production) D%%,

5.2.12 FMRA#E (good unit equivalents (GUE) out) — WEMMIH, LTHRNITHEET HTXTORME
WAETHREME L CORGERAL (unit of production) D (FEE L2 b2 88 H D) |

5213 Z7 2 HEHED (line yield) — THREZKET LCTEN LM SN HRERMNOLER (R7 T v
L ip o I BERNL e L, MR EHR R 2 R DT |

5.2.14 FEELRGER)S (normalized production efficiency) — FYELFEEL (normalizing exponent) Z{FH L
TRO7ZHERNR (production efficiency) O (TIHOBRIERER > & FHE L S TRORZE£DT) |

5215 FiEEIEHE (normalizing exponent) — $3&E%£h# (production efficiency) % V-t~ 2R ICflio %
B8, BOfE % WV TR RLE SN (normalized production efficiency) # 5T 2541, T35 B
FIF EBEREPBRGTHLIOARZHINT L) THRELTWDLZ EE2RT,
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52.16 BEZ) %)% (operational efficiency) — HEENFEL =y NEZWHL TWHEET v 77X A A
(equipment uptime) DE|4, [SEMIE79]

5.2.17 BELEEL)F (overall equipment efficiency : OEE) — HEEVERED 1 DOHNL T, HRhHKE &R
il (total time) TH|- 7zHERAEERHOEL R T (CSM21) , !

5.2.18 L 1555415 (overall factory efficiency : OFE) — %1% (volume efficiency) (ZHxE F 0 2h=R
(yield efficiency) %% U7-f (FRE SN2 v 7 A& HHEL LT, THPARA LTV DREINTKS
L, BEICEDOBREOHFETHHL TWDI0EERT) |

5219 LFEHET (process capacity) — T3 RKTRIFFZHINI T T 2 REHAL (units of production) DK
B MPRRERE E CEfl S 2 BERAL 2 5 Te)

5.2.20 #iEzpF (production efficiency) — AN—7" > MEB XA 7 VEFRIZHZE  (throughput-rate and
cycle-time efficiency) |Z WIP 2h= (WIP efficiency) %3 U7-fE (TH0#ROMREm b A2 fiE D3R %
xzO7T) .

5221 M EE)F (quality efficiency) — 2= MIBT HHEEGRAFERM CRLIZAZDI 2=y MNIET2
P A pERFH,  [SEMIE79]

5222 ®i&X 2 Z > 7 (scrapped units out) — JEMM IS, 52T 5 Z L TSN BH S
7-BEHAT (RS, NS CTOEMLIAZR E2E5T) OBE

5223 AT 2 HEEDE > b (Fe*)  (set of bottleneck equipment) — HIEHAMH, THNOR L X A
T ORGEIEE OES T b OB EIZNE  (operational efficiency) #H 35 LD, Dty hOEHEIX
[f] TRbah, ZEXA 73 le*] TRDOINLD,

£ 8: ZORML Ry 73 B Oy N, FHEEHEC THORML Ry 7ESNT B vy N (L OG A IXER) Y 777 4Bk
2EE) LT T L — BT, JIEMIE IS mO ) BB 505 (operational efficiency, 18 FTREIR HEIZ & DI ) & FEBE
W HUTZRE O HeR) RS2 E Y N THHIEMZ D, b L, (IO E By b H [ RERER] 23 T4 %2 K& T RIS EE
IRUTZ AT, ZOEEE IR Ry 7 L7025, LizidoTC, 2 o0 LRI W TR EE Y MR ML Ry 7 &
25ZEbHIUT, 2 DO OMICHDHIM ORI Ry ZEEE Y IS, TRIO 2 SO OL D LT R EZ L0652,

5224 K4 F'e DEEFEDE > b (Fe) (setof equipment of type e) — THGWNIZEH DX A 7 ecE ORLELEE
DEE, ZOty FOERE If] TRIND,

5225 AEERES 17 7 DF >~ b (E)  (setofequipment types) — THNICH 5 X F S F iy A 7 OHELE
EOES, HERERE, MENEREE, 27280, 20ty FOER (FHEL A TOREE) 11, lel
THRDT,

1 9: BUEEALO LIEMBEINTENICL > TITONAEE, ZOHARICBITARE L EZHETARICITERES (BXO
TRTOH—MASL A BEEE) S FEOREE ChLEE X DNERHD, ZOBVRIEEEZIE ARSI S D TIEAR],
ZOIOPE DR REIC, FENEMRIFR L 27 712 /L IF] (theoretical cycle time) EL CEEIZANDZEN A THS,

5226 HE S 1 T e ICHBITSEGE 54 T p DTFEXT » 7 DE > ; (Spe) (set of process steps of product
type p on equipment type e) — MEE X A 7 e \ZBIT DB X A 7 p OBLERALIZ ) U CRME S A7 AR TR
2T v 7y FOES (EHRE LMELERZZT) . Z0ky FOZEHRIT [s) TRDOT,

5227 BZEERGS 1 7 DE > b (P)  (setof product types) — TG TRIEES NS TS E ¥ A4 7O
DS, Oty NOEHIL, [p) TERDLT,

5228 T X FEHED (test yield) — TIEEKT L THRKT A MCEKL, TEND TSN 2 REH
REDHHR (T X —Z F7-13RE LORBEAIC L 2L L2 EDT)

5.2.29 Pin ¥4 2 AHFR] (theoretical cycle time) — FL&HAL (unit of production) H3EEE F 7o (T EMREEE
DIEE HFHFORBENRL, £, FRIDS Uty b7 v 7 %2179 ERRWIEEIC, THNIZBIT S

"' CSM 21: 95-03 Closed-Loop Measurement of Equipment Efficiency & Capacity, 1995; Engineering Systems Research Center, University of
California, Berkeley. Telephone: +1.510. 642.4994; Fax: +1.510.643.0966; http://www.me.berkeley.edu/esrc/ techreports.html
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LGN (unit of production) DN LIZHE 7R/ (SRR 2 5 2) o ZORERREDR, B
IR (raw process time) & & MRV D, WO TRAFIZ X > T OKEICEMPAE UGS,
b OFHFEET O BRIC iIff’Z{E@ﬁﬁT(ﬁ@ I oM E LTIl I NER D D, FERdn (F7X TR
n—) 2 2R Bk X SGANE, SO #iy 1 2 EF] (theoretical cycle time) D N-YEZETLD,
ZDNEEIX, FEELE (fmshed units out) X 5F DGO HARIZES MEFE LT 2,

T 10: ZOWERAEL, SEMI E79 O 1 ZLEH (57200 Pan FLEHF ] (theoretical production time per unit), EIREOIET
HD ({BLIF—TiX7ev),

5230 1 FUEHGT D = 0D DB FUERFE] (THT)  (theoretical production time per unit, HF/E]~ FLEH())
— LT ORMHZED T Co 1 ik AL OB Z B9 5 i/ NMRE OfE -

o RFiE L I E(The specified recipe)

o HEEFXF(The equipment design)

o {5 (Continuous operation)

o ZNFMAE I (No efficiency losses) [SEMI E79]

5231 BHgg X/b—"> MNH (theoretical throughput rate) — K NIVFR v 7 ZA)—"7" MHE (bottleneck
throughput rate) , F£721X WIPB27) (WIP capacity) % Him A 7 /LHEfH] (theoretical cycle time) Thi L 72
ﬁ@m#hﬁdémﬁ®ﬁ(I%xw—7/%®ﬁméibﬁo_®ﬁi%% FEBRTE 2

5232 L EYZL BEE G = v N X/— "> N (theoretical unit throughput by recipe (THTP) ) — PTiED
AELVEICE L, WEICL > THEmIC T v ARRERKHE ) D=y ML, %LU EIZo0T
Higr=y FAL—Ty M=y YY) OFGHHRIERERH] (theoretical production time per unit) DI
LW, [SEMIE79]

5233 X/—"> ME (throughput rate) — FED HAVT-REIC THRE 2 @i 3 2 BUEHAZ  (unit of production)
0)§&0

5234 R—T"> MEE LNV 2 ABFERIZIF (throughput-rate and cycle-time efficiency) — FEYA 7
JVIFERE]  (best-case cycle time) % ¥4 1 7 VIR (average cycle time) TR L7 (AL—7"» FEBI W
A 7 VRN BT 5 T8 OMRIAIRE 1 2 RDT)

5.2.35 FBHFE] (total time) — BIEERERIF O~ TOREH] (1 H 24 W¢fE], 7 H) . HREEHEZ EfICER
THI2ME, 6 >OREAREEREZ T NCEH EL, EMICNT v 7 LAadE7e 5722, [SEMIEL0]

11 TRV~ OAFEMZ R TRIEIRAE IV TS, B (total time) 13 FE) 212 /LR (average cycle time) L0 K
XTI B2 (D 7e &b FE P 2L iFE (average cycle time) D 2 fEEL, 8 % OE O 55/ FE (7 (finished units
out) D #12 /L7FH (cycle time) FVH R EZLTHZEEHLET D),

5236 (#E) FE (unit  (of production) ) — THHNIZEIT D IEARNGFE (77 7I2BIT 5 ‘7 =,

77/]\/\%/&15’ BT AEWR, Tx—nBERONNy 7= ROTF v FREERICEIT 5 4
472 E) T, Oﬁ?ﬁc‘: LT#Hbns (ZNbDOFEMIE, HAIL TR \ﬁﬁpl&%fxf I%W%
BET5) . % WO =y TR G%E D (TARYT 2= REDMOBBINT S 235 F 72
I/\) o

12 ZOEET, NEEIVPMERLOLETH7201Z, SEMIEL0 IZBITAEREIDLIRENZLNEE > TND,

13 B ey MR B # A7 (units of production) % & e EINTE (FEBRIZEENDHI LN ), RUEHNALIZIT
BEEOR LT ARG LI N TED (REIZEENDLIZENEZ ), 22— —1F, B—OHE AL (unit of production) CTHY
Fay N AT RN TEDD, ZOBPUTLL T OISR HNOLHELETE R0,

o 1y YA ADEIR (B L OFDOENAR TIMERIC L - TAE U 5 RN 22 R 28, TH o=
72ODREHERF L LTz D,

o Ty hDOYAXNEINTHAEEMENH D (F U LENITBWTH)
o o> SEMIAZEYE L DM CRUEHNL (unit) DEROEAEMENTN2L 2D,
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o &R Y T w7 (scrapped units out) # IEFEICEEICAND Z ENRTE 25,

5237 7oL AL EET X1 A (uptime (equipment uptime) ) — FEE T AT ADBETHIOMEEE A
R DRUICH D, ZHUTIFAEE, HEBIP o Y=T U KNG EN, XU 21400
D UNEIERTEFFM  (nonscheduled time) 17 £4U72VY,  [SEMI E10]

5.2.38 ZFEEIF (volume efficiency) — F-HE(LELEZNZ (normalized production efficiency) (Z/37 & A%h=R
(balance efficiency) %3 U7-fifl (T35 0OBAUMERERI O W72 TIROMAEIRZIRELDT) |

5.2.39 WIP FE7] (WIP capacity) — LGWNIZE 2 LN TE D BGHL (units of production) D i KK

(M, A b vh—, MEHERZEEE, EEORY HIFAR— b, REEER ANy 77, WEENZEICHD
bOEEl, LML, TAMIVz—, ¥I—Uxz—, E=F—HUxz— &7 IER-ERN D
TZ DI TMLEIR A= AT FE IR,

14 ZOfEIZ TIENIZRA E ol AT 2B E LI RIEZ R TH O TH- T, AN WIP LU T2,

5.2.40 WIP %)% (WIP efficiency) — JRIRWIP (critical WIP) F121X-FEIWIP (average WIP) DT >
INEWTTOEZRENTOMETE L2 (L5 0OBRIBEREmR D 7z WIP LV DRREZRDT) |

5.2.41 WIP /{%5 (WIP turnover) — SERKBLEHAT (finished units out) % P35 WIP (average WIP) ThHR
L7ofE (fH SRR O & 2 BE A~ T)

5.2.42 (1#d45 (WIP)  (work in process) — T.3GWNIZHIRl - 72 B #H7 (units of production) T, A7 7
Yy FICENTZ VB LIRICE SN2 LTW b DE, FXTOLENELET L TRV EDDH
A

5243 HFEHFE (ield efficiency) — T A HEED (lineyield) 127 A MEEE D (testyield) Z 7L
Ml Gea MBI R 27RT) |

1 15: ZOMIEREAET, SEMI ET79 O 8B %)= (quality efficiency) &R DME TH D (ELIFE—TILRWY),
53 %5

531 E—KMEIEESY A 7D v b

532 e*— R bRy VHEEL AT

533 f— #E L > fOEE

534 Fe— %A 7 e DEFEDE v K

53.5 Fex — N AT ZREDOE > P

536 p— A AT Dy hDOEHR

537 P— XA 7Dy K

538 s — BT v T Dy NOEFRE

53.9 Spe—HE@EEZ A T e EOXA T p DWBEAT v T D>
6 ETEAIERSE

6.1 BI11%, §5BLV§6 IR LIZREREMOEREZRLIZbDTH D, KANL, FEEAYRHIE K EE)
5, INLOMRERIHEREZGH L CEERERMTON TV DRERED HE~5hnTnd, —
H EOITITR SN TV D HEE (R 13RI R L R ERLET, ZohA4 FTIEANE
FINTWRNWD, ZOMORTERLEEIZOWTIATA RizARRIn<TBY, oKz EF S
TREINTWD, —& FDOFIE OFE 2RO JTHEREAET, ZIUTIFMOIFE A LT X TOWEFLAE) B
BZLTWED, TOMBHHEEEDCSL I L THERT2 2208 TES (B, T—FDOAFHER
FHEMEPREE 2 2856) o A0 (CESE) IXEN2NERMET, MEIOEMICEET 5 TROZE
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EEDLTHLOTHD, TOMOUTEIERE EHELE) 3R0E EoREREYE T, THOBRMER > Rz
TROMRELEDLT (k27 5y FTHREDEEIIE L) |

16 AHERE 1T, ZhbORIERE L EDTY 5 L5 BRI OV TR E R T,

6.2 RELEELF (OEE) L1372, OFE &+ OBEFORITIIRE 2R Tl LI=RIiE 250, =

—

nix, THENOTRTCOEENFE UM CEELZVBHLEZYD LTWARTIERWEZD TH 5,
OEE [Flfk, OFEIZIZIRD L 5 7283 H 5,

e Wit v A, TRV v —, FHEMEE, RGO BEZZITLOT, Rigd THZERT 56,
it Xy 7 AR TEMERE SNBRZ2R L, F L LENICET 2R THRINRLRS5581%, Zhb
DHBEZET~NETHD (ZOLOIRGEEOEBLANTEDH D) . FZ, THITET DL
R GER FvRy 7 EEOFESLBERIGEN /2 E) XD THLHGRITEET NS TH D,

o FIMIOFEECH ML D EBEMLOLLITBERV, (INBIETHI A OREIEHEE T LN Z &7
)

o 0 (Fo72<HHINEN TWRUVIREED D UVNTERITHIL L7REE) 205 1 (BAERYZIREE, FERBRIC
IIFEFTER) OOEE L 5,

o WREORTEDHEN DROETH S,
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