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Student: Chang-Fu Shih Advisor: Dr. Muh-Cherng Wu

Department of Industrial Engineering and Management
National Chiao Tung University

Abstract

To provide a large-scale throughput system in semiconductor manufacturing,
there are two design options. One is building a single large fab (or factory). The other
is building two smaller fabs and requesting-them to support each other in capacity. To
effectively compare the two design options, this research examines two topics. The
first topic addresses a transportation issue for the single-fab design option, which has
been rarely noticed in literature. A queuing-based method is developed to determine
optimal transportation layers for.a fab with a designated throughput. Numerical
experiments indicate that a large-scale fab indeed may need two or more layers of
transportation system in order to produce wafers more economically. The second topic
addresses the cross-fab routing decision for the two-fab design option. Extending from
a prior study, we propose a much more efficient method to solve the cross-fab routing
problem. Based on the two proposed methods, we compare the effectiveness of the two
design options in various designated throughputs. Numerical experiments indicate that
the two-fab option is better for a large-scale throughput (e.g., 90K wafers per month),
while the single-fab option is better for a small-scale throughput (e.g, 45K
wafers/month).

Keywords: Semiconductor manufacturing, Fab design, Cross-fab route planning,
Capacity sharing, Queuing network model
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Procedure Machine_Mix_Determination

Seti=0and flag = “start”

While (flag = “start”) Do

CT® = f(Th,, PX,,MX®)
If CT® >CT, then

mE‘il) = mE‘) +1, (j"is the tool type with the highest utilization)

m? =m® for j=j, 1<j<k
i=i+l
Else flag = “stop”
Endif
Endwhile

Set M"=M® & Output M"
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A
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Wu et al. (2009)#2 = Connors et al. (1996) % iF 4 52 fi3 » #F ﬁ%lml,ﬁ. AR
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(from-to-table) » 4% 3.1 #7771 :
£ 31 ERFUEAR S8 5 2 R

start M1 M2 M3
Start * sl 51,52 s1,52,83
M1 82,83,54,85 * 82 82,83
M2 53,54,55 53,54,55,51 * s3
M3 54,55 54,55.51 53,55,s1,52 *
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Procedure
Seti =1 and flag = “start”

While (flag = “start”) Do

CT® = £ (Th,, PX,,M", T") where T =(i,....i)

r
If CT® >CT, theni=i+1

Else flag = “stop”
Endif

Endwhile

Set T"=T® and Output T,
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% 32(A:B:C)=(5:2:3) ~ CT,=35days p¥ » 7 | P R4 1 > L 88 Puif
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A R, R,
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B2 RER) o KB A PR RIS ERE DR L (TTLR) ©
4.2 FEB - enffRindg

Yol 4.4 rom o A ARJREHEY 0% - PR REART A = BE(])
LP #c ; (2) 1% % ~ & ;2 % (Multiple Search Loop ; MS-Loop) F-f##
ek (3) I ¥ - B A 4EFEE ¥~ f2(Binary Search Loop ; BS-Loop)
Kz it g BNV

Bt = BRCE G RE Ao —FT Lo A E - (V,H)é‘ﬁ']‘%i’ﬁ—"— » A\ e

~

1% LPHCE > REMHR TR GR A ARIVORRT
Al MS-Loop > 112 A4F 2 58 R R T Ao B ERTT o (S o
h- B H AV, VU)p o AT 4t BS-Loop > 1z dEEH Vo KA R A

*

REREFaBd 2 NEV o Gd P WErmnFEL > APT REFKG DR

(V',IT,R") o %#- i = fom cnlm 30 m A2 A B3 p 4o » T8 (FAF 0B A 47
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BS-Loop

\ 4
A4

w2V

MS-Loop

Y

# LTI

LP #-&

TIEITVET
B iz eIl E(* 2 2)

erip % (VID
FfzR

421LP #%&

B 4.4 Ff

TrgE (VI BT
B i PR (AR )

= e e Jf#

PP it ent ap il o (BB 45) 0 Al S R A E(V
A2 B EL(TT) P ™ » b LR BC e 8 B T b a2t 6)(R7) - 24 2
IV E S A (A AR TR ) g LP BN A S R R ER o
SRR ANE
Vv
Bkl i
LP#e | AT
I1
# Az B A
Y
EV 44 g RE
B 4.5 LP ficie s 5
g 4{3—.5’_")5::'[3‘2&*'? S(1) RS BRI 0 F - LRy E D
4 A0 A 5 '()1ﬁ$@ﬁ%i@ﬁﬁﬁﬁﬁ@~’ﬁ%ﬁﬁﬁﬁiﬁ
For P B ALYz (3)F - A Fr RV AREoAHS1IS1
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2521522251 #isjiaii

r=[a,b,c d]ixAtie E7 &4 AR

5 el B e )

#F 45 - (Indices)
i A ST g
g : Fab_1 eha fesphehdp ik

h : Fab_2 s irsbenty

%-#(Parameters)
n:RA S@iE

V I3 B EREEoE (d fé?féﬁﬂi;—]»)

Fab i # 25k i Fab j-

4}§;L l’ﬂ]f’ u—r,gv\vj.JF;bp’; L LP

Z, t A&Id A (Zz =1,.0<z <1)
C, *Fab_1p 1 irsbgen® * a0 (HE: | )
C,:Fab 2pa1iFsphenv * 250 (Hi2: %]

m, : Fab_1 enj 1 iTxk e

m, : Fab_2 % 1 Tk

W £
WS A &gk 152

WS & & ik 21 3 4 hAzph

W, @ & 5ik 22 2

(ASE SAF-SEVIEW $7:

P A iR 1Dl 4 AkAmpF o B MR A Fab 1 ha (Frh g SrE drded PERY

4 AkAepr s B A Fab 101 (Fah g 973 chdbe 1 PERY

o 53R 4 Fab 1 na sk g i inded ERF

4 AR B E A Fab 21 (Frbhor g chte L R

fepE o &R 4 Fab 2 tha frsbh o0 @ dhde 1 pER



=
[
ot
B
N
N/
H
|
[
&
e

BpF > F 4R 4 Fab 2 ch1 feshh A chde 1 PR

743 % Bc(Decision Variables)

a - A i 121 2 A2 frende 1 5

bl A I 2224 AR 1 )
G - Aol 122 4 22 AR50 1 i

d @ A2 &3 221 24 & 41 B

Min Z(V,IT) =3V -7, -(c, +d,)

S. t.
a+b+c+dz 1<i<n )
2V -2 (8 W +d, WS +c -WS)<C,  1<g<m )
ZV'Zi'(bi ‘Wirl?+di '\Nir?—i_ci W) <G, 1<hs<m, ©)
i=1
¢, =0, d =0 for each product k in Qs 4)

S = 3 SN R 1 & SRV ER Ll + SRV

Ll

PRT 0 E BRUEBRA A S N (DR A Ak 6 ip ik B
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%o 12458 (2)frB) R tFE - Fab_1 2 Fab 24 B ¥ % B 1 (Fxbend
g/l H AN ES N UFINA)ELH 2 TIERE ADE S U E 2 & hat

Bl o fpt LP fre? > 4oV X AV g N EEORE 0 FE

‘ﬁ\
z?*
G

L o FA_LP e | f3 > SNk 2 Z(V, 1) =-1-

4.2.2 MS-Loop

P LP e @ A5 LP_Module(V,IT) » ¢ LP fce & 6% (V,IT) pF > 7
Fo— 2R > MS-Loop #e£02 LP_Module (V,IT) 5 A # > &8 %V ET » 11
PR B 5 A HE o R RN A 2 BLTT (B B 4.6) -

PSR HEE w82 B 3 N (iterative search) kjz o A - Bz

(iteration) — f.4 &c2 A i 240§ L2008 o 21 BE(P,, P, P) 7 548 » 44 = 35

\-m&

B BEA B & = Bk 02 £2(Seg 1, Seq 2, Seg. 3)¢i0P B o EiEHE S B|EEP o &
F b A Sk i L BET G0 0% Tk 3RiR 42 Seg i o (SR R/ 4.7) - niA &
TERAA > AF-BARG I RBEETEESE  AE - BEAAPL RO

B 0T o 27 - B AP R ATE WEDIT > 37 3 A ST E Y R D

Eik
i\4

X
&
S
fisu
)

RispEAF L EHI > FBATTE=Z BB AR 53
Bestd  FRNEE G LI - Fli- BLEMAE Shkik 5 1000 B
ded i =0 ik eh MS_Loop - ik 3 i S ehi ot 6 6~7 % (3°=729) > F]
LP e cnd o0& chjz 3 & 5 3"-7 B j%

TR R 2R AR | AL 5 Procedure MS_Loop I SR e T
Procedure MS_Loop (V)

Initialization
J =1, [*iteration number*/
For each product k, set the lower/upper bounds for searching 7,
ij:0, Ujk:Ok, 1<k <n
Identify the longest route /* for terminating the following While loop*/
h = Arg MaxO,

1<k<n
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While {=1or (m,,-m,)>2}
Step 1: Determine three cut-off points for a route segment

my =| /49U, +@B/4)L, |, 1<k<n
my, =| Uy +L)/2], 1<k<n
my =| 3/4)U; + @/ 4L, |, 1<k<n

Step 2: Generate all possible combinations of cut-off points

S; ={1|IT=(7,...,7,), where z, =my, 7, =My, 7, =My}

Step 3: Identify the best combination of cut-off points from S,

Set H,=¢

For each [TeS;,
Call LP_Module (V,IT1)

Put Z(V,IT) in H,

Endfor

If Z(V,I1) =-1then
Set LP_Check = “Fail”,- Output LP. Check, Stop

Else Set LP_Check = “Pass”, Compute I17 = ArgMinZ(V,II)

ITeH;
Step 4: Update the interval for each product k
If (7 =my,) then Livix=LjxUpix= U, +L;)/2], 1<k<n
If (7, =m,,) then Liny=| /40, + @B/ 4L, |,
Uik = | B/4U, + WU/ 4L, |, 1<k<n

If (7, =my) then Ljsx= [ +Ly)/2) Upsak= Ui, 1<k <n

Step 5: Go to next iteration
j=j+1
Endwhile
Output IT, LP_Check
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f Pooop S| V' B A B
&RV £
A 4
| MS-Loop - M &HEzViE™
;{%FH I ACE D)
v
L Pl . —
2 s K (v, TT) FAVIDET
T Bk AR B (iR AR B])
HER

B 4.6 MS-Loop Call LP #- %

lteration 1 | A A N |
eration
| A LA\ JARN |
Seg. 1 Seg-2 Seq_3
Iteration 2 m

B 4.7 % ~4& ;% (Multiple Search ; MS)

4.2.3 BS-Loop
BS-Loop & & P e d_RfZ i i chfd é:”.ﬁv*’-‘ﬁi%ﬁféﬂiv ER=z N
(LU)»Lix & LPficeen- ¥ i7f2(A &)U P & LP a7 ¥ (7 f2(A

)

< ko J‘-‘lzz‘/% i);}) Ak KQ# ;‘(\‘)" ,’J' Ié} (L,U)?pFé&F\#§ﬂ{V* ’i#‘(L,U)ﬁx

Bl
=

Ik

FHE 200 F J1F - AFZPEFE L AIEKYT AT REEGHV o

BS-Loop e fzii 4240 B 4.8 #75 » H R AR P 40T



BS-Loop oyt o J 8
- _ij:;LV ” V -ﬁx'xmfﬂ__»v:!_
MS-Loop | I iERVET
A [T EACE TS
\ 4
L Phre R B (VD)
TR »!f;(\/,H) e VIDE
iR g R @ (g4 B))
® 4. 8 BS-Loop

Procedure BS_Loop (L, U)
Initialization /* set initial range of throughput*/
=1, [*1 is iteration.number*/
Li=L,U=U
While {(i=1or \% >¢g) 3} [*& isasmall valug, e.g., 0.2%*/
1

Step 1: Determine the two test points within the lower/upper bounds

Vi= | (@/4)U;+(3/4)L |

V, = (3/4U, +(1/ 4L |

Step 2: Evaluate the performance of the two test points
Call MS_Loop(V1)
Set P; = LP_Check
Call MS_Loop(V-)
Set P, = LP_Check

Step 3: Update the throughput interval for search
If (P=“Pass”) then Lj+1 = |_(Ui + Li)/ZJ, Uis1=Uj, k=2
If (P1= “Pass” and P,= “Fail”) then Liss = Lj, Ui = |(U, +L;)/2], k=1
If (P1= “Fail” and P,= “Fail”) then Lixs = Lj, Uia = | (U, +L,)/4], k=0
Step 4: Next iteration
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=i+l
Endwhile
If k =0, Stop. /*User warning: the input value of L is too large*/

Else Set V™ =V,, Output V~

FVEar T h LT 20048 > % BS-Loop #F VEFEL T GiB v 7
Foo B F o dew it B2~ BV E o fI* MS-Loop 940F 377 B ik Az 3
Bl FP AR - AR EZEERS T TR TR AP Nt A E R
BRA A A 5Bk e

Wod-rd = F ) Method_0 &2 Method_1 e3t & =t ot #de ™ 0 F 5 - B
#ARRBIN LG 9 A K > Method_0 B3k 9 4 &7 7 B2 A » Method_1
RIBER Y 3 34 &7 8B 4% Method_0 ehfjaps /¥ 5 T, Bl Method_1

3 1

ARBTG5 5T = T T E e S e - Method 2 fo

Method 3 =+ & p& fF ] < 422 Method 1 4piT o

43 PRE = chifas 3

PR R AP L RR A ST SRR T o B EfE

—F“'f

BTN ARt BIR o P IFE S RIEEAE > 4oW 4.9 AT 0 A E 2

iy

#r# = Enhanced Q-Network 3 fZei®iz 1 B » RS 8 B A FF 5 2 47 o p
Enhanced Q-Network =% it £ 2% 2 - &£ (ILR) s ™ » 7 RNFZEHE T 0
B AD A YT E - 7 72 (ILR) chi»c » AFwE 2 Egd - &

W 2 EhF A VoG BE R (ILR) o et FEE > d 2 IT 2 SHESIT -

PAFRE R R PHFER
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N Enhanced Q-Network ,
(I1;,R) . > PR A
(@R #0) =
A
/L A4 -;-%
r R e B B 1R i
GAw & i*
|::> FEE A E A |::>
R"

M4.9 e R

U SR SR CE T RSN (R i L

Procedure GA
Step 1: Initialization

® =0, Status = ‘Not-terminate’

® Randomly generate N, ‘chromosomes to form a population Po

Step 2: Genetic Evolution
While (Status = ‘Not-Terminate’) do
® Use a cross-over operator to create N, new chromosomes
® Use a mutation operator to create N new chromosomes

® Form a pool by taking the union of Pt and the set of newly created
chromosomes

® t=t+1,and select the best N, chromosomes from the pool to form Py

® Check if termination condition is met; if yes, set Status =“Terminate”
Endwhile

Step 3: Set the best chromosome in P;as R™ Output R’.

15 A T E R R A A R A R B G A

i£ ;# (chromosome representation) ~ :§ & 3 #c(fitness function) ~ i& i i& & + (genetic
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operators) ~ i& & K& iE i o

PATFFE - B4 MT A2 S R=[r,...r]8 ¢ r=(a,b,c,d)

= & %] ® £ (gene-segment) - A& K P i~ F Rl AL & A F1(gene) o d
a+tbh+c+d=1 7 Q # & (VERLADESEE) Pehd - A 5T =
B AT(free gene) @ BQ B L (3 VBRI ADASE L) pehE - 48
AFREF - Bad AF o AFNFgE 2 A B N2 8% Fpd AT F
RFESERGEE I NAFTBRFLAST §EREA > $ 4 Wehp d AT
P €% o d A Wuetal (2009):03n @~ 2 3n,+(n—n,) B > # ¥ n &
2QEEP ARBHE N IL2INE A F g FHcp o o

POATIEE R - R M Sl LA MR T g
TP REHEFERT > B R R AT A NAR S LT B RN AR o
it B v * it a0 Enhanced Q-Network <8

p AR TR B E enig i i@ B S (genetic operators) 5@ 48 1 < fiz(crossover)fr &
% (mutation) - < fiei& & (crossover operator) #_4 * FF 3 x4 ¢ (R ,R,)2
Blis 373 154 ¢ R(R,,R,) cHdod it > A HER R, PRI BAFIRLT A

AT AT, c REASTLTHRL ASAES APT Y e

R o, mAAE N, A T, A EATA TR -

TR R e aiE B G S EP heT AR - A AT (BRE R
SRAT) AL AP AERL A, NS D BATIET o R RH
g+h+C+d=1 Ul B A pd AFhiE o FZ ARSI T RS A T
o fer, Fo4 B D AF o r e, 5 RS R E AL A BATATRE

= (ay,b,, ¢y 1—a; —b, —¢;) ﬂf‘?r = (a,,0,,¢,1-a,-b, —¢;,) °

FRAREE R RASET A AR S A T Y AR TS A i
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AE o FASFI LA TEBREANES B 2o, AFRES YL
r, =(a,,b,,0,0)=(@1-b,,b,,00)frr, =(a,,b,,00)=(1-b,,b,,00) » Fi&* + it

RPN AL PR R ML LT [, AN, T N E R AL ATNATIRA -

hE - XEFIREL CHLIMR,R,AE CHE NnBAFREY » F -
BUF SR A A BTH R TR AT 0 F T AL S AT

%4 MR, =[r,],R, =[r,] °
% %18 ¥ (mutation operator) £j¢ - B % F 4 ¢ MR A2 ¥ - BATHZL I B

Ry e it RREH WM 4oT 1 F Lo % d MR EPF - BAAFLR(K
RELAAFED ) FHASTVERIA  MEAANTET L3
Mo = @b, cpnde) PR AT R E - B (BRE Y
BAT) TREBAFEEE (B R K)o 281395 a +0 +¢ +d =171
FlE B E R AR E LT AL - BAPA AR

N, =@y ke l-a, —k—C) e FZ A& T LATERE A ALY

A, =@.,b,00  FrEREEET AL - BAPEARE

i’

r.,=@1-kk00) -
PAFFEE LA BELGLAED D5 - KB RGE T, T2 R E

RRAER S F -  F R AP ERARER AR T LT LATRE 2 S

QRN e i gF N ﬁ}ﬂ'\ A FFE e R b ik ARt R o

4.4 R 5|%#E

AR R % 55t i Method_0, Method_1, Method_2 % Method_3 #h.ff#

Horwo PRI ¥ g Nofe f R4 5 Pentium (R) Dual CPU 3.4GHz 1G
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Fab 1# 37292 545> Fab 2@ é 57 352 S48 5 o & — 548 2 e MTBF

(mean time between failure) 2 MTTR (mean time to repair) ‘v PRjidp #ics fie o i
P GRS CTy=40,000 min. or 27.7 days -

AR OIRES § 0 ZAFR R - TR 2 BA SnlRded 41 9 o

L fEA SN d 42 i o MR Z 4 R 4 A SR

2 AT o RAFITEZ 3 6 0 MY D

\\\?{r

Bk %40 @ Ty = 10000 (3 17 %
T ) Ty = 500 (B i f2 4% 4 & che (% 35) » P = 1000 (%3 ) » Per = 0.9

(RpeZ) Pn=01(%%%x)-

341 8- AR kAL
A5 P P2 P3
TR 338 338 338
A 5 o 0:5 0.3 0.2
442 HBC S RA R A
A& P1 P2 P3 P4 P5 P6
h1g= 338 | 338 | 338 | 300 | 300 | 300
FRCETR 0.25 | 0.25 | 0.156 | 0.156 | 0.1 | 0.1
%43 HHZ ¢4 fBA S AR
A5 PL | P2 | P3| P4 | P5 | P6 | P7T | P8 | P9
TR 338 | 338 | 338 | 300 | 300 | 300 | 250 | 250 | 250
A &b 0.17 [0.17[0.16 | 0.1 | 0.1 | 0.1 |0.07 [ 0.07 | 0.06

3044 Su fERfES 2 AEREBRL A TAA N B AR R

fen= 8372 ¢ Method_2 e »cddF > s = ¢ 7t Method_0 > 2.48%¢

A

s 2k m

o
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S BB 2 ol > Method_0 3 & 46,587 #5(+ 4 13 /] %) » Method_2 %
R 2112 ) (£ 935 M) BRERT L P E RESBFALEL X

3 A E R arda s oo T Method 2 F_j2 A Rid 224 B 3L (% * i

46 PIAEP FHEZ RT A BREREL p TG ant X - 5k
ZoWP P RBEFR D AR kA LP e B LP e Y > R A
Method 0 7 & - 42,900 #; (=~ % 12 /] p¥)- e Method 2 ¥ 3 & 110 f5(=~ % 2
A da) o

A4 w A RfED FHAE D gt ) 4T
T - = w8z

W |RAN| L | BAN| L | RAN| L

F2) ) [EEo Oy |2 B

Method_0 652 0 125 0 846 0

Method_1 650 | 0.31% { 724 | 0.14% | 795 | 6.03%

Method_2 651 "4 0.158% | 723 | 0:28% | 825 | 2.48%

Method_3 650 | 0.31% | 1697 | 3.86% | 790 | 6.62%

%45 v £fR 2 A bR T A RIERE TR

M5 - 8= M8 =
s P R P P
# 51E(%) % (%) % (%)
(#) €D €
Method_0 892 0% 3111 0% 46587 0%

Method_1 437 48. 99% 1497 48. 12% 2197 4. 72%

Method_2 532 59. 64% 1478 | 47.51% | 2112 4.53%

Method_3 539 60. 43% 1590 51. 11% 2940 6. 31%
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% 4.6 Method_0 ¥ Method_2 s fzpe i &~ 47

8 =
24 2 LP ffz A §E GA + Queueing A | BIFEPFRF | A
[E3ES (sec.) (%) (sec.) (%) (sec.) (%)
Method_0 42900 0% 3687 0% 46587 0%
Method_2 110 0.26% 2002 54.3% 2112 4.53%
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45 * % 3%

RETL AL P ERR T R AR ARG S o BRR T B R
AP ER > PR ARG T R A NH Ao 20 R EREP S SR

WMILAEAR > FAMRE R S RETRSZE RS BTFERE A

T

] ROETE > gt - RV L RAE e kSR D A SEERANRAE 0 T U e
R A

Wu et al. (2009) 5.3k 73 ehA & ¢ ViRt A 0 3

d
474-
=
n
=1
F
&
&
n

REPEERZRE  FILAETRHED TR 3F TRA | AT EBRY A5
P BRBEEFEF 05 [ < igEErE REOERT 8 R R T

Braim .
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FIF A3K2VREESN

AR EERA BR D FEE AR AT 2 k- AR E R R A

BEE KRR LD RGBS 5 L ORE R o 8

jﬁ

%ﬁ’ﬂ%@ﬁ%ﬁ*ﬁﬁﬁﬁﬁﬁfﬁ““%@ﬁ%ﬁﬁi?“**’?g“
BASRE VR %o - BRGE?S R R BRCR RGTIHE Rug 2R

FHEP LB IETIBREARL N F LA REFTEA NS L P
BT AT MR ERER > RBEF e R MA N LA AT R
M- BRSO AERFRAN R DT ERT o f BN R R
o gt d 3 b gien™ 2 4R F blSREE A ERA ARV AR T 0 3

FrOEART R TR L EREAIEA IF

5.1 R MR

“mﬂ

F ST A KR AR E R e 12 v B R F AL S e ot B
HABHRIAABEC2fA R AR Fa2 B4 78141 BA

7 & 701 4\215@':’(% CA&BZ & 651 4\?li§:i o

Fok? SRR g KR TRA BT (1) A% {5 5 40% ; (2)

& 5 fo {10 8§ 5 2500 % £ 7 (3) B FlRak F 374~ 5 E#dr 5 (4) & H 4
- R EGUE A S R A4 6000 F X & 1 (5) F M- A ERRE 0 AL
A 4 4000 §E & 3 (6) B Ao — A EEBLE 0 FHS 13T 2%

FHw o APALJ FZFa 2 AFE N - TR FFT RS
TR AN RET 30K TE R s Sl 444 Lo 7 K AR 2T 45K T
T S Hch 667 5 0 3 A ET 60K FE B e Sfics 835 5 oo Bt

Aae & OOKRAZF 1236 5 o k> k- KPP APIR PP EAE NE e
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It 54T A TIB BRCR -

FI* S FfeF e e 2o APT RIS F- 20 S 63 PERERT
F A o drd Bl o P HEA N G 30K 4K Ak IV F A I
ARERIT o H R SR IR R Rk R LA K E R P 60K
Pl 2 K &gy > 0K RIS 2 K eh@inag - F 2 > #5252 0 wb ik

[

d1 % 30K~ 45K 2 60K > *f;\&prﬁﬂ—éﬁ@ﬁ%ﬁiiﬁ’fi'fﬁf%‘?vé_ﬂiitQOKEE?’

LR R RS K IR R -

201 AR PIADNT > ERFRVEEMRFEFTFTEEAIN R
) BRA
forwe | 30K 45K 60K 90K
gﬁ (12001ots) | (1800 lots) | (2400 lots) | (3600 lots)
1 1185 968 866 710
2 1200 1800 1734 1422
3 1200 1800 2400 2133
H R ¥
4 1200 1800 2400 2845
5 1200 1800 2400 3556
6 1200 1800 2400 3600
P 1 1105 1488 2103 1900
2 1105 1488 2103 3320
T AE S AR ER] > APV EITEE AT RAARET 0 A AR

*
Fehh BiEHE o W - RHIRE S RJIE AR E S 0P 40T

B AN 4K B Tk 2 R LA RERRE R R A
I ED 1800+ B o m BB E R RS X G- ﬁi@ﬁ%ﬁiﬁ K- A3 3 A
1488 #+ & > H iy % = % 0L 4] 5 1800-25-2500 - (40-2)%-12-5=25.65 g % £ >
BRE ™ % 45 1488.25-2500-40%-12-5=22.32 5 % & » Fpt - A E > %

cE ] 5 25.65-1=24.65 B % £ > R FEF 5 2232 ®FE £ 0“7 45K 0
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PHEANRET  HRE XV ERFX5ETH 4 233 1 E & flE
ANE L AR ER LS Rk G EH A 5297 o L AETE P ERA Y

530K ~ 45K [ 5 B R 5 A BB PLE Rt R f B R T R

=

Adrk S ko B E § P EA D PREH < T 60K ~ 00K BF > R E T BLA

um_’%“’

7/

)%=zl g%""ﬁ/}&;@

._V

AT Ao o REA D pE(de 30K S 45K)iE R H R RN LR
oA I (40 60K ~ O0K)2& ik £ * HE AL ® B i 2 A e 423K 3h 0 199520 e gt o
FRALP 0K FIf s £ ° SHEEHET BRFBRE AP A FE-
L SN I e RN I G X S

% 5.2 ﬁf{&:?é} ﬁ%}llﬁ‘i;f‘%fi&‘:&%f{‘f‘ﬂ-mf A

30K 45K 60K 90K
T F ¥ 11 B | gAY I N TN 11 Bt | FEA N e
I (lots) (% &) AR (lots) (% &) iR (lots) (% &) AR (lots) BEE)
H R H R % 5w H R
5K E 5 R E A 5K E
N 1185 17.775 ) 1800 25.65 \ 2400 32.4 ) 42.672
Wb W #i g By | 000
(T=1) (T=2) (T=3) (T=5)
BER T BER e BER T B T
¥ B R ¥ B R R
A 1105 16.575 A 1488 22.32 e 2103 31. 545 43 3320 46. 31
(T=1) (T=1) (T=1) (T=2)
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53 A% 8%

AREE LI\ R R AR - AL R E TR A
FEBGTHRT RIS ERV O FELIEMHRERE S-S FLHERT IR
Wist o R LB BT RS AR AR G S AV, S B
BRSO e P R S E PG A e

FRH P GRERESZEFE AR S FEA S B R E DT B
AR TUYREART REAN 0 PHRLS REFORA DB o P HDE
BLA Y| R Rz B e 0 Wu et al.(2009)3 1 BERL R T B R 2 A i 2R
PN R A NS m AT SR RHRDN T R LFRAS A
SERAADRRZ > FRNEFEN DS Z > TR REE DR
CERRRE A S PR R R b SR LR R RS (D R R R
EEDE

AAF LR P RELEWEE LR AR ek L
WA MAZEREL BRI AE EEPOE o 50 BEAERF T ERL A D
TR RS EED > P AN S 304K PR N H R R E %]mlﬁ S

%7 A5 60~90K PFRIiE * TR R T B R A A Kt o
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$A% BWHEARER
6.1 %3
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