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Determination of New Layout in a Semiconductor Packaging
Substrate Line using Simulation and AHP/DEA

Dong Soo Kim - Chul Soon Park - Dug Hee Moon
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The process of semiconductor(IC Package) manufacturing usually includes lots of complex and sequential

processes. Many kinds of equipments are installed with the mixed concept of serial and parallel manufac-

turing system. The business environments of the semiconductor industry have been changed frequently,

because new technologies are developed continuously. It is the main reason of new investment plan and

layout consideration. However, it is difficult to change the layout after installation, because the major

equipments are expensive and difficult to move. Furthermore, it is usually a multiple-objective problem.

Thus, new investment or layout change should be carefully considered when the production environments

likewise product mix and production quantity are changed. This paper introduces a simulation case study

of a Korean company that produces packaging substrates(especially lead frames) and requires multi-objec-

tive decision support. QUEST®

is used for simulation modelling and AHP(Analytic Hierarchy Process)

and DEA(Data Envelopment Analysis) are used for weighting of qualitative performance measures and

solving multiple-objective layout problem, respectively.
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Figure 1. Process Flow of Suggested Method
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Figure 9. Worker utilizations of As-Is simulation
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ANFEAES 511 AA A Aigo] L A0 F =&
b= 787 o Al ol whebA £ 02 ARE-sheE A
AE02 A8aHE 49 W&ol nj2 Aaeo) gehaT,
FAANA FIHEE AFTS AN BE 08 4
A} oo thgk A O 2 <Figure 10>} 70| 57}A] ALt
Q.0 )3 What-If24] & 2 A 3} T}

AU L 181)e 7]&8 ol A BEF-A VI(Visual Inspection)3s
T4 AAAE 71 sH oA 2] 5O E WA= Ao
1, Ay £ 2682)& S1o| A AZ-A VI(Visual Inspection)219] %
H & 4] F7FeF S T Aluhe] £ 3(83)2 200 A BE- Aol A # 7]
gk TP(Taping)40 AH] 101 & ATH R o] 43t on, Ay
Q9 484 3941 AF-7 DS(Down Set)40 1T & BF A 0.2 o] A
3 Aol vhA o2 AU L 5(S5)E $4914 BFA VS

{0

O

7y

(Visual Semi-Auto)30 378 0] - 2H& 19 F7}3k ATt
As-Is 81 82
A=2902 +B VI35 -AVI21
B=2074 + FZHHE > 20 5 - ZHI 4 4 FJt
A=2877 A=3088
B = 2251 B = 2360
\—‘ 83 sS4 85
«B TPAD 10H -> A 012 +ADSA0 1HE +BVS30
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Figure 10. Scenario of Simulation
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Sl
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Loty

AN EE

4919) FEES B2l3p) 912 714 oL EAR) ALES G
7} 2} 3)oll Al A H A 4] £ 3§ 8-(OEE : Overall Equipment Effec-
tiveness)0| T}, & Aol A= WHEA 2ol EAG 34 Sl F
AARE 423717} o 9] AlEd ol A9 A & &(Utiliza-
tion)> 2 (4)¢ 2ol Aottt & A A& HNFTAE
o A =4 (Quality)d] 4 &S A ]94?:5_ 73 0] = th(Kim and Moon,
2011). GutA o2 dujo E&2 o) Al g F&& 9
ot £ A7 A e AP 3o £

SRR EEPEERE w}aw ol ulo] BT &S 2
Qo] T2 B AU sk BATH AR o)l thaAlE
H23HL ARTIEN IR A7 FHE HIVHES

o]—-‘: u}_Q

HH 20] A A 5 1L 9 ThBraglia ¢ al., 2009). B =F
dMe HEFF3AH duladS gl a&E M3 ©f
) HEFAo) & AFA2 PK(Packing)203} BE72| VI
(Visual Inspection)35¢} 20 =5 242t T4 A -+ A &8t
1 AR BolE e HE A S At mbekA Ag A

AHE§ 7|2 S VIR o N, BEAAAE VIS 7|F0
Z3a

OEE = Availability X Performance X Quality 3)

Aula g = %x 100 4)

<Table 5>l AN H AU T &L AolA AFP%e] &4 F

{

Ao HFEA Y Au E&o|th <Figure 8>l A A= 0] L%
o] AR V21 34 AN E &L v ¢ =& FoE YEo
U, BEFAY VIR2 FA AH E8L 60~66%% A0 E BHE
ATH AT B Atk o] w0l A Kk o] = A8
CRCA EBl EX31 349 o571 §l7] wolH o] & dHl&
259 4 e 344 Ake 2Es o o
%7} L *4—% Tt okt whebA VIR2 34 Y $F 9
FaAA % Qe NeHE EA YT

Table 5. Utilizations of Scenarios

3% As-Is | S1 s2 $3 A 85
ATZVI2Y) | 98% | 97% | 95% | 96% | 95% | 98%
BEAHVIZ2) | 60% | 65% | 66% | 65% | 65% | 65%

B 79% | 81% | 81% | 80% | 80% | 81%
@ 2 =ek)

2] SE}9) (Lead Time)& AT HTE By o] 2o A= 22
2 ehgeh ol 289 n o] Y FHol A2 34U A
o7 AUt EAAREE <Table 6> A H= nl9} 7o)
S47t 74 Y el o] #A AY o] A A o' YEyiT

G) At
A 2 #H(Throughpuodl] th3t AP A3} A AFT A A



A& d| 0] A3} AHP/DEAE o -3 Hh=A] -7 ekl Mgk 24 271
& F7187] Y8t gl $4 Al 5,144L0t o) A 4,976Lot & 0) &7 &l FA4
2 038 7)Zeld) Hl&) 3~4% A5 Ao HAsE A Zr A Lol 3k &7 2] 89 A (Basy of Material Flow)¥} 2}
o2 Yehytth ofo] thal A o2 S1~S57kA] A A 219 A+ A (Flexibility of Expansion)e ¥ 7}s}7] 93 oA}
<Table 7>3} Zo] AAFeHl 71 thel 3~9%= A= AAF  Z2AD F e 389 FAZAA HE2AE AAGHAT T
o] Z7kste Ao E yepyttt Aitg A Arlasd vt QRS BUIBE AR 9 THOE Uw o EN A4 9
7}A 2 827} SLF 3,088Lot, ELF 2,360Lot & & % o] 5 448Lot2. = FREE A& & & Yt EFEA AL g9 A7
M =A Yebst 3l A5/, wAEF T 167 BHAA HERA AT <Table

9>9} 7Fo] 849 M7} 7hAk =Tt

Table 6. Lead Times of Scenarios

(unit : minutes)

=& S1 S2 S3 S4 S5
AZH 738 698 741 709 742
BE# 1045 1049 1032 1026 1017
Bt 892 873 986 868 879
Table 7. Throughputs of Scenarios
(unit : lot)
FA& | Asls s1 2 83 4 S5
AZA | 2,902 | 2,877 | 3,088 | 3,086 | 3,085 | 3,109
BEZA | 2,074 | 2251 | 2,360 | 2,265 | 2,290 | 2,299
Total | 4,976 | 5,128 | 5448 | 5,351 | 5,375 | 5,408

@) FAH &
E 211 L(Investment Costs)ol] T 3+ A+Z& 2 3} <Table 8>3} 7+

of S1of 215(4 R ez 7H o] 3] Aoz vghon, 82
AN Es g AL TP = Uty ol Hlel 1,067

(A7 o 2 s1R T ulgo] Bo| EAFE Ao eyt
SS& S4E T 2 A 19 F 71 Ugk HalE FExu|go] Z7}

3.

A7lell A 1S FAH L2 27| FEAH R ZA
A% Azl g, e AL FUAAL WGHYT 2 B
528 843 A717}X] (Annual Value)l} & A 7F3) (Present Value)
< ottt sk 71 YAl M e FAE 7| 3ko] Ty A
7} obd 7§ BA3 71 3to] 13 S 2Hste A f FAE A
ok Aol slosl, A7 FAN $UHOE 42T 4
o B4 FAIL Qohit Bolstvk sk Aol B 2
7] BAH &S o] &3t A% 9v7t kA SRt

Table 8. Investment Costs of Scenarios

(unit : million W)

AV 2 H] & F7 =
S1 215 B3 VI35 2AA 5H
S2 1,067 St A AF VI21 4T
S3 1,615 S20 A AE7 TP40 2T)
S4 1,868 S30 A B4 DS40 1T)
S5 1,911 S4o A B3 VS30 A A 19

Table 9. Easy of Material Flow

S&A S1 S2 $3 S4 S5
AEA 1| 288 3.50 475 6.63 6.50
AEA 2 2.75 3.88 5.75 6.13 5.75
AEA 3| 350 3.63 5.50 6.13 6.13
B 3.04 3.67 5.33 6.29 6.13
el §AA A E AF Bl F7L, 2o v, Dok

(EY dsta 37 F3t& 5 237 A HE2A 23
<Table 10>3} Z+o] S4¢] A7} 7H 4 =94t}
Table 10. Flexibility of Expansion

S22 S1 S2 $3 $4 S5

AEA 1 3.19 3.76 5.61 6.22 5.26

HEZ 2 | 290 3.86 5.70 6.13 5.26

AEA 3 3.76 4.24 5.00 5.26 4.83

B 3.29 3.95 5.43 5.87 5.12

5. AHP/DEA ¥4

5.1 Elol e A3

<Table 11>9] AFA A= AF7HA HolE +4¢ A& &
§ts} gt Aot} A A7 o] AL SHA = AN
EE& TS sl 27k 7P H A Ao YT £
AoH, JFHAM ZH =1 &S 18t S1S A E 7
o)tk w3 YUY SR E DRI DEse) 48
AeE 4= 9t o)X 8 AL e U oz Aestut
of mhebal HAbe] Debd 4 Q7] Wl EAAERE 1L

3 A= JAFAA S 31771 o Hh.
<Table 11>3 Z+-& A ¥ 7S DEA 2 d 9 vl 317] 93t

9] 2 E(Scale)E <Table 12>9} Zo] A713l5ld 5L A &=
oA Bl F = HAF Folof 3} A3l e 2

AU L HolH9 & 7|F0=2 7 34 FoE YT
FA &, AA Alue] 29 §-2 1000] B THKim ¢ 1., 2008).
Ao} 2ol At A= AA A 5280 H = AHPE o] &3}
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o 7}A & AA I Al 5.3 ol A& B/CRatio EF O 2 &
ECRECEEERIPEEERIE L)
Table 11. Summary of Input/Output Data for DEA
aa st 2 $3 4 S5
AuEg | 8l 81 80 80 81
LT 892 | 873 | 986 | 868 | 879
AEE | A | 5,128 | 5,448 | 5,351 | 5,375 | 5,408
=% 3.04 | 3.67 | 533 | 629 | 613
44 | 329 | 395 | 543 | 587 | 5.12
Eq] ) . 852 | 1,400 | 1,653 | 1,653
24 | AR | 215 215 215 215 258

Table 12. Scaled Input/Output Data for DEA

e s 2 $3 S4 | S5 A
AR & & | 20.10 | 20.10 | 19.85 | 19.85 | 20.10 | 100

LT 19.83 | 19.41 | 21.92 | 19.30 | 19.54 | 100

&5 | AAREF | 19.20 | 20.40 | 20.03 | 20.12 | 20.25 | 100
=5 | 1244 | 14.99 | 21.81 | 25.72 | 25.04 | 100

A | 13.89 | 16.71 | 22.97 | 24.81 | 21.62 | 100

=9 | AN - | 15331 25.19 | 29.74 | 29.74 | 100
84 | A9 | 19.23 | 19.23 | 19.23 | 19.23 | 23.08 | 100
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t1, 1 A%E JEE el 34
= B7h7 10 3 gAE A
(Preference) A TS WA o)A E&d 93] el
g AFs) gt ol & A A Enkst JriH st 2
], AHPO Al = <Table 13>3} 222 19 A 97} A 9] = &=
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=

> W o of
=
1o

u
(0
fr

lro =

QL
2
ol
to
b

ox M ox ol

O S R
il

EP‘
L = m{m

N
I
ox

(

1o N o
il
A ey
o

ok
oo
=
El

=

=
R ST =
ST T
il ozio;ﬂ;om

ol

oy N r

l’I

,RJRl:oirzzgmlnr[rzgébo

£y rsh i jot

Table 13. Scale for Comparison Matrix

TILE Definition Explanation
1 Equal Importance =534 =8
3 Moderate Importance k7 =82
5 Strong Importance ) ZQ
7 Demonstrated Importance ol =9
9 Extreme Importance Ay =9
2, 4, 6, 8 | Intermediate Value HAEE9 S
ZAE GF 1, 102,13, ++, 18, 1/9% 24 a7} 8.4 bell Of
o ¢19 A= 5 5‘}‘/}"' nQ e 7H ) 224 b Q4 a0 )
i 1/nd TLEE ZHET
Adiplas & g7 M n7) o B7E7)Ee] EA T T o,
HA o] GANA = ZH 2 YE B FAR o] I

doA & it €9 e 7k R gy 837t i
AZRE 1-93 2 93] B dt} of7]A 849 HlRE &
AiE 2 BEAHY o= 1/a;0] BT 0719 827} YT n(n-
1)/23] 9] u] a7} o] F0i A 3, Th- 2 2o] YHo] FAH

1 ajp a3+ 2y
Ay 1 agg .-+ Ay,

A=

A Ao Ayg - 1

A7, a5 = wil w;

(A 7)1 A 7122 vl gk
= Fotd & A&

w, = Hl 1 3he Ad7] &

AL dd B Ee FY, AEEd dalA 47
AAstA 7FEA ol 10] HA AT AR E S e E 3
7HA ol ti 3k 4HE A3 <Table 14> 9} o] 74547} 44 5
k.

Table 14. Comparison Matrix of Performance Measures(Output)

wa | 50| |ew] en jaan| 07 hex

AuEs | 1 2 5| 17 ] 2 |065]| 011
LT 12 | 1 12| 2 2 | 100 | 017
R 5 2 1 2 3 | 227 038
=¥ 7 12| 12 1 5 1.54 | 0.26
444 12 12 13| 15| 1 | 044 | 007
A 5.90 | 1.00

HE A FF Azl A e Aol 0382 7HE =4

Bt 10908 EFFEE0] 02605 A vUshor gl
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o T238H 7140l o1717] gEoltt. o] fr 2 i
w% A0 E Fuisly] g i gels

FYES Ode E ﬁ7}z4501] )3k 7432 A2 AT <Ta-

o] 27} 0.830. 2 Ao} o} F EA| LR

ok o] o 22 A AAA F7F F ARAS} AA oA FF =
A" 917 w2l 48]

DAL 5 ek

Table 15. Comparison Matrix of Input

T AdH 247 | 718k B | HEA
A 1 1/5 0.45 0.17
2 2} 5 1 2.24 0.83
A 2.68 1.00
WA Eol tigk Aoiela A3 7ot 4SS T
ige

HHE & = (1x2x1/5x1/7x2)"” = 0.65
LT = (1/2x1x1/2x2x2)"” = 1.00
A = (5x2x1x2x3)"” = 2.27

BF = (7x12x1/2x1x5)"” = 1.54
A4 = (1/2x1/2x13%1/5x1)"” = 0.44
A = (1x1/5)" = 0.45

A7} = (5x1)"” = 2.24

R:Fin=s

VA 2 gakshE ve 3 2

Olr
ﬂ.l (o2

7]

AU && =0.65/5.90 =0.11
LT = 1.00/5.90 = 0.17
A = 2.27/5.90 = 0.38
= 1.54/5.90 = 0.26
A = 0.44/5.90 = 0.07
] =0.45/2.68 =0.17
2L 2} = 2.24/2.68 = 0.83

5.3 F-Aew

DEA EXo& 7t

49 93 DEA 2 3

Aued ge =S 49 sa
AHPO A )3t 7tE A & Hrtete] A4 & A= TH(Yang
and Kuo, 2001). & A1) & & 2] ZE} Y (Lead Time), A 2+ (Thro-
ughput), &5, 2HA A 9| 574 AE 2 AR A osta 7}
TH 29 FAH &5 FYQLAE AHE3ITE DEA £4
R4t BANG S0l BE 42 R4S AHE Y M 2
o] $H 0.2 So|7hx) T2 AHP A FTEAA A 183HY
o}, <Figure 11> £ - 4% 245 £2]3}3F DEA Z o]t}

|
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Output 44| | (Lead o 2tel
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Input _HT‘%

Figure 11. Structure of DEA Model

EA40] A2 HolEE AUl e B71H R 3oy
oo HgZde e AEdY A g

B/C RatioE 17314 1 H] &0 2 AU 2E T80 52
oko g #ekdit
2. Y, Uy
Max. B=""—— )
z]lei V;w
E;e- AU 2 ke &4
= A 2 k9] J%% of tj gk 7}%—;?](_ 1,2, )

=9 =125
thqqagkqTgﬁ;qumdﬂﬂl(z—l2 m)
Xp=AuUg ke BUALA i #h6=1,2, -, m)

Table 16. Results of DEA

e Eqax
37} (U, = ) V<) |
HAZ | dn)
Sal T Bu ER B g R B
7]—%—7?] 0.11]0.17 | 0.38 | 0.26| 0.07 [0.17 | 0.83 -
S1 2211337 | 7.30 |3.23| 0.97 - 15.96 | 107.57
S2 2211330 7.75 [ 390 | 1.17 |2.61]1596| 99.60
S3 2.18(3.73| 7.61 |5.67| 1.61 |4.28|15.96]|103.92
S4 2.1813.28| 7.65 |6.69| 1.74 |5.06| 15.96 | 103.75
S5 2.211332| 7.70 | 651 ] 1.51 |5.06|19.16| 88.76

<Table 16> A Z} AlUg] 2.9 A& =7 FY Q4 thg
TS <Table 12>0l| 4 Ao Zholl Z HAA 9 7M5A & |
g Aotk o] W, 7 Alu| 09 E&A B ofd A3 2ol
A

Eg; = {(0.11x20.10)+(0.17%19.83)+(0.38%19.20)+(0.26x12.44)
+(0.07x13.89)}/{(0.17x0.00)+(0.83%19.23)} = 107.57
Es> = {(0.11%20.10)+(0.17%19.41)+(0.38%20.40)+(0.26x14.99)
+(0.07x16.71)}/4(0.17x15.33)+(0.83%19.23)} = 99.60
Egs = {(0.11x19.85)+(0.17%21.92)+(0.38%20.03)+(0.26x21.81)
+(0.07x22.97)}/4(0.17%25.19)+(0.83%19.23)} = 103.92
Esy = {(0.11x19.85)+(0.17%19.30)+(0.38x20.12)+(0.26x25.72)
+(0.07x24.81)}/{(0.17%29.74)+(0.83%19.23)} = 103.75
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PN

T =

Ess = {(0.11x20.10)+(0.17%19.54)+(0.38%20.25)+(0.26x25.04)
+(0.07x21.62)}/{(0.17x29.74)+(0.83%23.08)} = 88.76

2 9} Zo] Al ZES <Table 16>3 9] Ey; = 107.57, Es
= 99.60, Es; = 103.92, Eg; = 103.75, Ess = 88.76 2.2/ Al Ug] &
10] 744 H A ko 2 AAE It}
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