30%



Abstract

IC industry is a high technology and capital intensive industry different from the
conventional industry. The facilities of IC industry are very expansive and phasing out
rapidly. The cost of facilities are from million(10°) NTD to billion(10%) NTD. There
are huge amounts of capital investment. The ratio of facility depreciation amount per
total manufacturing cost is over 30%. This is the reason why IC industry must focus
on production planning to reduce the waste of production cost and improve the
competition ability of its products.

Although the production technology of IC industry is very progressive, there are
still many problems to overcome. In planning the daily production quantity, many
companies use the fixed rate of defect or ot of inventories to eliminate the uncertain
variable of defective product. It often brings about the results in over input. Many
companies usually ignore the learning process of operator in making the performance
index of production line. It is the reason why we cannot reflect the real performance of
operator. The setting of control line isfixed in the conventional control chart, and that
will make a serious error in observing the quality control chart of small lots. In pricing
the product, they would appraise more than real cost if they don't consider the
learning curve.

This study uses learning curve to build a forecasting model for solving the
production problems in IC industry. This model offers the relative companies
reference to develop its own learning curve. And it is used in severa aspects, such as
yield rate forecasting, standard cost building, master production scheduling,
performance measuring, quality control and products pricing, etc. Therefore, the
managers can effectively control the production quantity, quality, cost and standard of
performance.

Keywords Learning curve, yield rate forecasting, standard cost, master production
scheduling, quality control



............................................................................................................ Vv
........................................................................................................... VI
..................................................................................................... 1

L L e e re e aee e 1
L 2 e bbbt s be e e he e heeeaeeareeeree e 2
L3 e e re e ree e 2
L e bbbt e e e he e e aeeereeereeeree e 3
............................................................................................... 5

2. L bbb e reeeaee e 5
2. bbb e e re e ereearee e 5
2 TSRO 6
2.2.2 = (7= 0 [ o 7

2.3 bbb e be e e reearee e 7
3 NSO 7
2.3 2 e re s 8

2 bbb e ae e e aeeeree e 9
N OSSR 11
o T LT == Y o L= 11
2, e e r e b reers 12
S RSP 14
A USRS 14
L e 15

3 OSSOSO 15
3 N OO 15

B 2 e ———————————————— 16
T O 17

3.2 L e nare 18
B 2 L s 18

K | OSSR 19
K TSR 19

o3 e e 22
B e 25




4.1 T 26
AL LZ - 26
A0.27 e ———————— 27

. e 28

A 3 e —————————————— 29

4.4 [C e —————— 32
A4, L e ————————— 32
A 2 39
44 3 42
A4 A e ————————— 45

......................................................................................... 50
........................................................................................................... 54



1-1

2-1

3-1

3-2

34

3.5

4-2

4-3

45

4-6

4-7

4-8

4-9

o @ > > |> (>

4-10

A




- e ———————————— 9

-3 14
4-1 A e ————————— 33
4-2 A 34
4-3 B e ————————— 34
4-4 C 35
4-5 D ———— 35
4-6 A 36
-7 40
48 40
-0 e ————— 45
4-10 A B.C 46
4-11 A e —————————— 47
4-12 - 49




1.1

85 86



[1]
[2]

1.3

[3]

[4]
[S]



1.4

[4]



[S]

IC

N

1-1




2.1

Achievement

MTM

(experience curve)
performance curve
relationship

(improvement curve)

2.2

Level of

40

(manufacturing progress function)
(efficiency function)
(cost curve) cost-quantity

product acceleration curve



221



2-1
2.3 / S
2.3.1
Pankgj Jean-Paul 31 24

Hirschmann 20 87



2.3.2

2-2



2-2

[1]
[2]
[3]

[4]
[S]
[6]
[7]
[8]
[9]
[10]

[11]
[12]

[13]

[1]
[2]

2.4

Wright

2-3




2-3

Log-Linear model
Stanford-B model

DelJong model

S Model

Time constant model
Levy's adaptation function
Glover'slearning formula
Pegel's exponential model
Knecht's upturn model

Y ell's combined product model

Cobb-Douglas Multiplicative
power model

Mclntyre's General Nonlinear
model

Womer's Variables Production
Rate model




24.1

L og-linear M odel

TP Wright 36 2
?
F(x) = aix”
F(x) X
as
X ?
b
X

Logf(x)=Loga, -bLog x

(Log-log paper)

log-linear ?
Wright ? ?
JR. Crawford ? ?
Tommie 39
Sheshinski 35 Alderh 4
Greenberg 18 Globerson 17

42 43

— 11—



2.4.2

Conway Schultz 32

Alchian 1

Alchian

20% 25%

?

Preston Keachie Womer  Gulledge

Camm 21

Alchian?



Cobb-Douglas Multiplicative Power Model

Cobb-

C
bo
Xi
bi
£ e=e' u N(@0?
Goldberger 3
logarithmic transformations
Goldberger
Waler  Dwyer 33 Cobb-Douglas
C=cx™ + Cax2” + caxg” +exs” + +CoXo "

logarithmic transformation



2.5

2-3

MTM

MTM

2.6

— 14—




3.1

311

IC



3.1.2

Dataguest



31
1990 4.4% 2000
Error! Unknown switch argument.
Source: Dataquest, ERSO/ITRI ITIS Project
31 IC
3.1.3
IC 9 55.7 35.3

15.8%

49



3.2 IC

3.2.1
IC discrete
3-2
v 1 v
IC i discrete) i i

3-2




3221C

[1] IC

DRAM SRAM Mask ROM
EPROM EEPROM Flash Memory

[2] IC
CPU
IC
[3] IC
IC
[4] IC IC 3D
Fax-Modem
3.2.3

— 19—



33 IC

3-4 IC
CvD



RO

1'@?33'1 2 I___|Lﬂ}’011| iTapc !

Reticle | 5%
BE | fERE

LTy
MWE R

g .
x__lluln’Tr"l'.' S

-

—[ &

[{HREL)
T )

[ % o | _._| moae | omey

- — YD [k
'|f'I e } 7 - L | p—
—— eEmEmi— AL

g

s | oL

mrma | | &

e |

WAT
I'i!JIi:t

[RaE — (s )

—

ELRsEEEmELE

]

| g —ey.
| - -
;lgl.l R LERS
L X

IC %

1C #ilid e

M | JBURNIN |
J1c iR 1) ]

34 1IC

—21—




3.3

| (yield rate)

| (yield rate)

IC Chip
IC
Chip

Chip

Chip

Chip

Chip

Chip



4-6
30%
45%~55%

IC
30-40%
70-80% 30%
Activity Based on
Cost, ABC ABC
i (WIP)
IC
IC WIP

WIP
WIP



WIP

WIP

(cycletime)

WIP

WIP

3.5

WIP

3.5

— 24—



34

(throughput)



4.1 — 7
4117 48

1989 12

NASDAQ

z
(System-on-Chip)

Z
(HP) (Motorola)
(Seagate) (Mitsubishi) (Nitendo)
(Infineon) (Philips)
(Samsung) (Yamaha)
Dataquest 1998 Z
Mask ROM EPROM  Flash
V4
(Video) (Audio) (Network)
ISP (Integrated Solutions Provider)

3C (I1A) vA



z
4127
z
1995 1997
TQM
[1]
[2]
[3]

| SO-9002

SOC

|SO-9001

.DSP(

1SO-14001

1994

IC)



.Embedded Controller( IC) .Mix Signal( ) .Flash

Memory ( )

4.2

[1]

[1]



4.3

Y X
Y
Cobb-Douglas
P, = KGX!C, X2 4-1
Py K
X; 1 X2
G [ b i
4-1 Xi
Xz Pox
log-transformation 4-1 log

log R(sz =[log K +10g(C,C,)] + b log X, + b, log X,

=loga+blog X, + b,1og X, 4-2
a a= Kc;C,
4-1 4-2



3D Trace Plot

Log

STATISTICA

4-2

90%

M1




2D Trace Plot

Log

STATISTICA

90%

— 31—



4.4

4.4.1

IC

4-1
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LOG LOG LOG
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1999/1/12 140 480 9 2040 7775 180 0.0882 3.30963 3.89070  -1.05436
1999/1/13 400 1365 10 2440 9140 190 0.0779 3.38739 3.96095  -1.10864
1999/1/13 200 700 17 2640 9840 207 0.0784 3.42160 399300  -1.10563
1999/1/14 450 1523 12 3090 11363 219 0.0709 3.48996 4.05549  -1.14951
1999/1/15 440 1395 25 3530 12758 244 0.0691 3.54777 4.10578  -1.16038
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1999/4/7 35 120 3 3819 13678 267 0.0699 3.58195 413602  -1.15544
1999/4/8 465 1500 18 4284 15178 285 0.0665 3.63185 418121  -1.17700
1999/4/12 185 540 3 4469 15718 288 0.0644 3.65021 419640  -1.19082
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1999/7/15 300 800 4 7654 24540 419 0.0547 3.88389 4.38987  -1.26167
1999/7/16 200 550 0 7854 25090 419 0.0533 3.89509 439950  -1.27288
1999/7/16 295 840 3 8149 25930 422 0.0518 3.91110 441380  -1.28579
1999/7/16 205 540 2 8354 26470 424 0.0508 3.92189 442275  -1.29453
1999/7/21 270 700 3 8624 27170 427 0.0495 3.93571 4.43409  -1.30528
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Week 1 2 3 4 5 6 7 8 9 10 1 12 Totd

500 500 500 500 500 500 500 500 500 500 500 500 6000

526 526 526 526 526 526 526 526 526 526 526 526 6316

554 554 554 554 554 554 554 554 554 554 554 554 6648

583 583 583 583 583 583 583 583 583 583 583 583 6998

614 614 614 614 614 614 614 614 614 614 614 614 7366

= 6000 = 7366
= w =22.77%
5%
22.77%
C
5% 4-8
4-8

Week 1 2 3 4 5 6 7 8 9 10 11 12 Totd

500 500 500 500 500 500 500 500 500 500 500 500 6000

M1
512 509 508 507 507 507 506 506 506 505 505 505 6084

M2 511 509 508 507 507 506 506 506 506 505 505 505 6083

M3 511 509 508 507 507 506 506 506 506 506 505 505 6083

M1 539 536 535 534 534 533 533 533 532 532 532 532 6404

M2 518 514 512 511 510 510 509 509 508 508 508 508 6124

M3 518 514 512 511 510 510 509 509 508 508 508 508 6124
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M3 572 562 557
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560
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549

560
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548
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547

559 559 558 558

545 545 544 543

545 545 544 543

6729

6616

6616

M1 625 616

M2 661 628 613

M3 663 629 614

610

603
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597

598
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592

593
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588

589
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585

597 595 594 593

582 579 577 575

582 580 578 576

7280
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= 6000

5% = 7366
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=21.33%
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=19.65%

_ 7191- 6000
6000

=19.85%

M1
M2
M3

M1

M2
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=7280
=7179
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=1.168%
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=2.579%
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=2.539%
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A B D
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4-3 f(q)

1.60
1.40
1.20
1.00
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1.60
1.40
1.20
1.00
0.80
0.60
0.40
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0.00

1 5 9 1317212529 33 37 41 45 49

1.80
1.60
1.40
1.20
1.00
0.80

0.60

0.40
0.20
0.00

1 11 21 31 41 51 61 71 81 91101
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y 4-9
4-9
1 2 3 4 5 6 7 8 9 10 11

A ( )|460| 1140 | 1710 | 1710 | 2290 | 5200 | 5500 | 8050 | 10900 | 8950 | 11900

% | 60 60 77 80 82 85 87 90 90 90 90
B ( )]300| 500 | 1550 | 4000 | 8950 | 11900

% | 65 70 75 80 80 80
c ( )|208| 415 216 467 457 994 | 1136 | 1467 | 1630

% | 65 63 86 80 85 87 90 91 93
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4-10

410 A.B.C

RZ

A f(x)=100-74.948X%*> | 0.976 82.645%
B f(x)=100-40.454X°*" | 0.980 91.57%

f(x)=100-55.1X %3 0.902 80.385%

100%
A

A

f(x)= 100-74.948X %47

f(x)

X

(CIY C/100)= (C/100) = (100/Y)

x 100
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4-11 A
Y [(100/Y)-1
1 | 44900 | 1.227
2 | 55.708 | 0.795
3 | 61019 | 0.639
4 | 6439 | 0553
5 | 66.812 | 0.497
10 | 73.322 | 0.364
15 | 76521 | 0.307
20 | 78555 | 0.273
30 | 81126 | 0.233

1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

( ) Y [|@ooy)-1
40 | 82.761 | 0.208
50 | 83931 | 0.191
60 | 84.828 | 0.179
70 | 85547 | 0.169
80 | 86.143 | 0.161
90 | 86.647 | 0.154
100 | 87.083 | 0.148
200 | 89.617 | 0.116
300 | 90.862 | 0.101

——

L 4

50

100 150

200 250 300 350

500
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200 20
35 A 1000
3.2 B 500
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D 800
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4-12

Week 1 2 3 4 5 6 7 8 9 10 11 12
Non_LC 1366.86 1366.86 1366.86 1366.86 1366.86 1366.86 1366.86 1366.86 1366.86 1366.86 1366.86 1366.86
M2 1481.281432.491407.221390.58 1378.351368.78 1360.97 1354.391348.741343.80 1339.421335.49
M3 1506.481451.801423.72 1405.321391.851381.34 1372.77 1365.58 1359.41 1354.031349.26 1344.99
M2-Non_LC 8.37% 4.80% 2.95% 1.74% 0.84% 0.14% -0.43% -0.91% -1.33% -1.69% -2.01% -2.30%
M3-Non_LC 10.21% 6.21% 4.16% 2.81% 1.83% 1.06% 0.43% -0.09% -0.54% -0.94% -1.29% -1.60%
M3-M2 1.70% 1.35% 1.17% 1.06% 0.98% 0.92% 0.87% 0.83% 0.79% 0.76% 0.73% 0.71%
4-12
M3
M2
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