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Abstract

Semiconductor manufacturing is a capital and technology intensive high-tech industry with complex
processes. As the technology evolution, to satisfy the high pin-count and performance requirements in the
1997 Roadmap, flip-chip became the predominant technology for chip-to-next level interconnect. Due to yield
concerns, the tops foundries, such as TSMC & UMC, build their own package factories for flip-chip processes.
However, the capacity of flip-chip factory is usually less than fabs’ and becomes the bottleneck of all
processes. It results in a large number of WIP, long cycle time and overdue orders and comes into being the
disaster of foundry.

In this work, an integrated shop floor control model for wafer fabrication and flip-chip factory was
developed. It included job release policy and lot priority adjustment rule of wafer fab. Due to the variability of
package technigue and demand, a shop floor control model will be developed to solve current production
planning and control issues. A dynamic lot priority adjustment rule will be established to apply to fab. This
rule will be based on the WIP level of flip chip to dynamically adjust the lot priority in wafer fabrication stage.
Therefore, the buffer management is applied to control WIPs. Furthermore, DBR scheduling is used for the
wafer release plan. Based on these two controls, the flow will be more smooth and efficient.

Key words: Flip-chip package, Shop floor control, Buffer management
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Abstract: Semiconductor manufacturing is a capital and
technology intensive high-tech industry with complex
processes. As the technology evolution, to satisfy the high
pin-count and performance requirements, flip-chip became
the predominant technology for chip-to-next level
interconnect. Due to yield concern, the tops foundries, such
as TSMC & UMC, build their own package factories for
flip-chip processes. However, the capacity of flip-chip
factory is usually less than fabs’ and becomes the
bottleneck of all processes. It results in a large number of
WIP, long cycle time and overdue orders and comes into
being the disaster of foundry.

In this study, a shop floor control model for wafer

fabrication and flip-chip factory will be developed. It

includes job release policy and lot priority adjustment rule

of wafer fab. Due to the variability of package technique

and demand, a shop floor control model will be developed

to solve current production planning and control issues. A

dynamic lot priority adjustment rule will be established to

apply to fab. This rule will be based on the WIP level of

flip chip to dynamically adjust the lot priority in wafer

fabrication stage. Therefore, the dynamic buffer

management will be applied to control WIPs of fab. In this

work, the lower bound and upper bound of WIP in front of

constraint machine will be set and to divide the WIP level

into three zones, red, yellow and green zone. When WIP

level falls into red zone (less than lower bound), lot

priority in wafer fabrication stage should be set higher. On

the contrary, if WIP level falls into green zone (more than

upper bound), lot priority can be set lower. Furthermore,

DBR scheduling concept will be applied to the wafer

release plan for flip-chip factory. According to the pace of

the constraint machine to release wafer, it can make sure

to maximize the factory throughput and to keep the WIP

lower. Hence, based on these two controls, the flow will

be more smooth and efficient both on wafer fabrication

and flip-chip factory.

Keywords: Wafer fabrication, Flip-chip package, Shop

floor control, Dynamic buffer management, DBR
scheduling

l. Introduction

Proceedings of the Tenth International Conference on Information and
Management Sciences, Lhasa, China, August 6-11, 2011, pp. 109-115.

Recently, the market needs to drive consumer electronic
products to be smaller, faster and higher functionality. The
trend in microelectronic packaging technology is toward
miniaturization and high performance. In order to keep the
competition, IC companies are forced to introduce advance
technology no matter in wafer fabrication, probe, testing or
assembly. However, the new generation technology always
becomes the bottleneck of the whole process when an
advanced technology is first introduced. Due to the
uncertainty of future demand, to speed the technology
migration rate or just keep in watch will be a dilemma
when the capacity of new technology shortage happens.
This phenomenon is also occurred in the flip chip process.
As the technology evolution, to satisfy the high pin-count
and performance requirements, flip-chip became the
predominant technology for chip-to-next level interconnect.
Flip chip bonding was first introduced by IBM in 1964. It
was called controlled collapse chip connection (C4) by
IBM, in which the flow of the solder bump during
soldering is controlled by the die solder bump volume, area
of the solder wet-table pad on the substrate, the die weight
and the solder surface tension[14]. Due to yield concern,
the tops foundries, such as TSMC & UMC, build their own
package factories for flip-chip processes. Under this
production strategy, the products in foundry can be
separated into two parts, non-bumping process and
bumping process. Nonetheless, the capacity of flip-chip
factory is usually less than fabs’ and becomes the
bottleneck of all stages. It results in a large number of WIP,
long cycle time and overdue orders and comes into being
the disaster of foundry. The most effective solution for the
issue is to increase the capacity of flip chip factory. As well
known, the capacity plan is a long term plan. It means the
capacity can not be increased within a short time.
Especially, when the market demand is instinct with
uncertainty, it is hard to decide to increase capacity. Under
this situation, a suitable shop floor control model for wafer
fabrication and flip-chip factory will be the best way to
relieve the disaster of foundry.

In the past studies, all shop floor control models are
designed for only one kind of factory, especially for fab [1],
[8], [11]. As we know, wafer fabrication is a capital
intensive industry. Therefore, to fully utilize the production
resources to get the maximum output and shortening cycle
time are the major targets of all fabs [4], [5], [10].
Nevertheless, although the fabs perform well, the bumping
products are still pilled in the flip chip factory. From the
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company management point of view, this kind of orders
will take a long cycle times or even be overdue. Hence, a
shop floor control model links with wafer fabrication and
flip chip factory is needed. It should manage not only fab
production but also flip chip portion.

Accordingly, an integrated shop floor control model is
developed in this work. It includes job release policy and
dynamic lot priority adjustment rules. Both release policy
and priority rules are based on the bottleneck machine
(platting equipment) to set the production smoothness f the
whole processes. Under this control, both fab and flip chip
factory can get the better performances. This paper was
structured as follows. In the next section, the job release
policy and dynamic lot priority adjustment rules are
proposed. In section 3, a numerical example is presented to
demonstrate this control model. Finally, the summary and
future researches are included in Section 4.

I1. Integrated Shop Floor Control Model (isfc)

Generally, wafer fabrication and flip chip factory are two
separated factories and managed by different teams and
rules. However, the flip chip factory should take the result
of fab. If the production management of fab focuses on
their own factory only, the chip flip factory will suffer the
variability of fab’s output. Therefore, an integrated shop
floor control model to link with fab and flip chip factory is
very important for the whole performance. In this model,
there are two parts of rules, including job release policy
and lot priority adjustment rule of wafer fab. Although
these rules all will be acted in fab, the indicator will be the
bottleneck of whole processes. In other word, it will be the
plating equipment in this model. The details are described
as follows.

A.NOTATION

The following terminology is required for the capacity
support control model.

PT, * Processing time of upstream machine
PTootencck - Processing time of bottleneck
machine
MTTR, * Mean time to repairf(MTTR) of Feeder
machines

S Upper bound of WIP level
EQ : Expected queue length of bottleneck

machine

Pooiencck - 1€ utilization goal of bottleneck
machine
o . allowance

B. RELEASE POLICY

Based on TOC (Theory of Constraints) concept, it reveals
that the system performance is decided by system
constraint (i.e. the bottleneck of the production system) and
all non-constrains should subordinate the constraint [6], [7].
Generally, the bottleneck of flip chip factory is the plating
workstations. Hence, the wafer release tempo should be
based on the production rate of plating workstation [9],
[13]. However, as mentioned above, the release of flip chip
factory comes from the output of fab. If the factor of flip
chip factory's constraint can't be taken into account to the
release policy of fab, any production planning can't be
effective. Therefore, the release rate of bumping products
to the fab should be based on the production rate of plating
workstation. Basically, the major factor affecting the
production rate is the processing time. In addition, the
capacity loss, for example machines breakdown, will also
impact the production rate. Hence, the production rate of
bottleneck should be modified by the availability of
workstation. Based on these concepts, the production rate
of plating workstation can be identified as the following
equation.

M
bumping = Hhpottieneck —
(Tbottleneck ) (1)

A

It can be made a conclusion that the bumping products
have to be released by the same rate as the service rate of
the bottleneck of flip chip factory. As we know, there is
another kind of products processed in fab and the capacity
of fab is more than flip chip factory. Therefore, the actual

A

bottleneck

arrival rate in fab will larger than the arrival rate of
bumping products. The relation can be described as

ﬂbumping . Arrival rate of bumping products in fab
Hootiencek ?erwce rate of plating workstation in flip chip
aCtO.ry . . . . .
Toottleneck Servwe time of plating workstation in flip
chip factory
A ieneck Availability of plating workstation in flip chip ¢0ws.
factory
M :  Number of bottleneck machines

s :  Lower bound of WIP level
ECL, * Expected capacity loss of feeder
machines of bottleneck machine
Expected capacity loss of bottleneck
machine

ECLbottIeneck :

A =4 + 4

bumping non—bumping (2)

C. DYNAMIC LOT PRIORITY
ADJUSTMENT RULE
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The production environment is full of uncertainty and

unpredictable events, such as machine breakdown,
material shortage, staffs’ leaving,...etc[11]. Although the
release policy is perfect, the production schedule is still
disturbed by the unpredictable events. Finally, the
execution results are far away from the plan. Shop floor
control is the best way to amend this result. Same as the
release policy, the shop floor control rules should be also
taken the status of flip chip factory into account and have
to adjust the production rate of bumping product
dynamically in wafer fabrication stage. In order to
avoiding the starvation of bottleneck machine and
lengthening the waiting time of bumping products in flip
chip factory, the concepts of buffer management in TOC
(Theory of Constraints) are applied. The WIP level of
bottleneck machine is divided into three zones by lower
bound and upper bound, names red, yellow and green
zone. When the WIP level is falling into the red zone, it
means that the WIP level is too low to protect the
bottleneck machine from starvation. Hence, the priority of
bumping products should be higher to push the WIP into
flip chip factory quickly. On the contrary, if the WIP level
is falling into the green zone, it stands for the WIP level is
too high. Too many WIPs waiting in front of bottleneck
machine will increase the cycle time of products [2], [4],
[5], [12]. Therefore, the priority of bumping products
should be lower down in wafer fabrication stage to
decrease the arrival rate of bumping products into flip chip
factory.
Based the description above, the critical point of this
dynamic lot priority adjustment rule is how to define the
lower bound and upper bound of WIP level. The purpose
of lower bound is to avoid the starvation of bottleneck
machine. The major cause of machine starvation is the
capacity loss of feeder machines. Under this situation, the
lower bound will be the amount of WIP to cover the
capacity loss of feeder machines. Besides, although the
priority of bumping products are heightening in wafer
fabrication stage and make them to flow into flip chip
factory quickly, the bumping products still should take
time to arrive the bottleneck machine. Therefore, the time
from the first workstation to the bottleneck has to take into
consideration. Accordingly, the lower bound of bottleneck
can be described as the following equations.

2P
a i 3
S= (Z ECLI - ECLbottIeneck) + PJTI ®)
i=1

bottleneck
ECL, = MTTR; x 2, x(1-A) 4)
The major purpose of the upper bound is to prevent the

long cycle time of products. The queuing theory is applied
to the formulation. Based on the queuing theory, waiting

time of products is decided by the utilization of equipment.

When the managers set the goal of cycle time of products,

the utilization of equipment can be calculated. The
expected queue length can also be derived based on the
utilization of equipment. Because the expected queue
length is just an average number, the allowance is put into
the upper bound equation and expresses as follows.

S = EQ (pbottleneck H M )X @ (5)
Px(lep

EQ(pbonleneck M ) = m (6)

S AT LA M
P_((nzz;‘(n! L} D Lt} Moxu—2
(7

A

= ®)

L M x u

II1. Numerical Example

Appendix 1, 2 and 3 show illustrate the preliminary data

concerning the example, including information about the
master production schedule (MPS), the machines and the
routing of products. The measure unit of releasing batch
into factory is “lot”. A lot includes 25 wafers. The release
policy is of uniform distribution. A wafer factory can
normally be divided into seven areas, with more than one
machine in each. Machines in the same area perform the
same functions. The processing time is defined by recipe in
wafer fabrication, however, it is defined by equipment in
flip chip factory.
This example assumes that the equipment of GP10 (Plating
equipment) is the bottleneck machine in flip chip factory.
Therefore, the release rate of bumping products in wafer
fabrication is as follows.

Based on equipment list of wafer bumping, it shows that
the WPH (Wafer Per Hour) of GP10 by product are as
follows.

Product Service Time(hrs)
A (3.316+3.125+6.812)/3=4.418
B (6.812+4*4.587)/5=5.032
C (6.812+4*4.587)/5=5.032
D 4.587
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fepny = o 4418+ 2 5,032 + 2 5,032
1141 1141 1141

! x4.587 =4.752
41

Agpro = (0.91+0.94+0.93+0.93+0.91+0.9+0.93
+0.93)/8 =0.92

8

ﬂ“bumping = Hepio = W = ISS(IOt / hOUr)

0.92

Based on the equation 3 and 5, the lower bound and upper
bound of GP10’s WIP level can be derived as follows.
Assume @ =1.1

Average Process Time of equipment in flip chip factory:

Average
Equipment Process
Time (Hrs)

GP1 0.246
GP2 1.041
GP3 1.520
GP4 0.650
GP5 0.840
GP6 1.220
GP7 1.294
GP8 0.703
GP9 1.420
GP10 4.752
GP11 1.826
GP12 1.021
GP13 1.125
GP14 2.013

The expected capacity loss of feeder machines :

z ECL; = ECLgps_; + ECLgpg , + ECLgpg 5 + ECLgpg

i=1
=110.4%1/0.703*(1-0.9)
+151.8%1/0.703* (1-0.9)
+100.2*%1/0.703* (1-0.9)
+156.6*%1/0.703* (1-0.9)
=738

ELC =273%1/3.316*(1-0.91)

+301.8%1/3.125*(1-0.91)
+285.6%1/6.812*(1—0.94)
+309%1/4.587*(1-0.93)

+268.2%1/4.587*(1-0.93)
+292.2%1/4.587%(1-0.93)
+300.6%1/4.587*(1-0.93)
+745.8%1/4.587 *(1-0.90)

=52.73

bottleneck

The time from the first workstation to the bottleneck:

> PT, =PTgo, +PTep, + PTgp + PTepy + PTep, +
j=1

PTgps +PTgp s + PTgp; + PTgp g + PTgp o +
PTgp s = 9.86(Hrs)

Therefore, the lower bound can be defined as follows.
§=73.8—52.73+9.86/4.752 = 23.15 ~ 24(lots)

L1 151787 1 [151787 8x0.1936
P= —x +—x x !
((;n! [0.1936}) 8! [0.1936} 8%0.1936 15178

=0.000053

__ L5178 ~0098
8x0.1936

0.000053x| 178 10,08
0.1936

. =459
8ix(1—0.99)

EQ(pbonleneck ’ M ) =

S = EQ(Pyyioncacs M) ¥ @ = 45.9x1.1=50.49 ~ 51(lots)

IV Conclusion

In this work, an integrated shop floor control model
between wafer fabrication and flip chip is established to
enhance the whole production performance. There were
two control rules are developed, wafer release policy and
dynamic lot priority adjustment rules. Both of them are
based on the bottleneck of whole production line to
manage the production tempo. Through these two control
rules, the production performances of wafer fabrication and
flip chip factory will be improved.

Regarding to the future works, there are two points can be
considered. The first one is the effect of deviation of wafer
release on the production performance. Actually, the
studies of release policy in most of researches focus the
mean of arrival rate. However, the sources of performance
variation come from the deviation of control factors.
Therefore, the sensitivity of deviation of arrival rate is
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worth studying. Besides, the arrival pattern is another
factor which will affect on the production performance.
Although the arrival pattern can not be well controlled in
the real life, it can be studied how the performance is
affected. Finally, this result can be used to adjust the shop

floor status.
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Appendices

Appendix 1: Master Production Schedule

Wafer fabrication

Product Demand(lot/month)
Non-bumping 2282
bumping 1093
Wafer bumping
Product Demand(lot/month)
A 520
B 420
C 200
D 1

Appendix 2: Machine information

Wafer fabrication

GP-2 -3 1 0.968 211.20 0.57
GP-3-1 1 1.644 65.40 0.82
GP-3 -2 1 1.535 66.00 0.82
GP-3 -3 1 1.382 64.80 0.82
GP-4 -1 1 0.767 56.40 0.85
GP-4 -2 1 0.533 57.00 0.85
GP-5 -1 1 0.966 82.20 0.87
GP-5 -2 1 0.714 59.40 0.90
GP-6-1 1 1.268 55.80 0.90
GP-6 -2 1 1.268 88.80 0.90
GP-6-3 1 1.125 166.80 0.90
GP-7-1 1 1294 225.60 0.90
GP-7-2 1 1.294 243.00 0.90
GP-7-3 1 1.294 19140 0.90
GP-8-1 1 0.703 110.40 0.90
GP-8-2 1 0.703 151.80 0.90
GP-8-3 1 0.703 100.20 0.90
GP-8-4 1 0.703 156.60 0.90
GP-9-1 1 1.420 0.00 0.94
GP-9-2 1 1.420 0.00 0.94
GP-9-3 1 1.420 74.40 0.94
GP-9-4 1 1.420 140.40 0.94
GP-9-5 1 1.420 56.40 0.94
GP-10 (A) -1 1 3316 273.00 091
GP-10 (A) -2 1 3.125 301.80 091
GP-10(A/B/C)| 1 6.812 285.60 0.94
GP-10(B/C)-1 | 1 4.587 309.00 0.93
GP-10 B/ C)2 | 1 4.587 26820 0.93
GP-10(B/0)-3 | 1 4587 292.20 0.93
GP-10 (B/C)4 | 1 4.587 300.60 0.93
GP-10 (D) 1 4587 745.80 0.90
GP-11-1 1 1.561 75.60 0.85
GP-11 -2 1 1.561 22740 0.85
GP-11-3 1 1.561 127.20 0.85
GP-11 -4 1 2.621 137.40 0.85
GP-12-1 1 1.021 195.00 0.86
GP-12-2 1 1.021 151.20 0.86
GP-12-3 1 1.021 333.00 0.86
GP-13-1 1 1.125 253.20 0.61
GP-13-1 1 1.125 277.20 0.61
GP-13-1 1 1.125 253.80 0.61
GP-14-1 1 2.013 250.20 0.89
GP-14-2 1 2.013 225.00 0.89
GP-14-3 1 2.013 319.20 0.89
GP-14-4 1 2.013 291.00 0.89

Appendix 3a: Routing of non-bumping product in wafer

. MTTR | MTBF A—
Equipment | M/C Qty (HI) (HI) Availability
ADI 19 1.5 48.50 0.97
AEI 10 1 49.00 0.98
cvd-1 14 3 72.00 0.96
cvd-clean 8 1 49.00 0.98
diff-1 55 5 95.00 0.95
diff-clean 15 1 49.00 0.98
dry-1 46 2.5 25.28 0.91
imp-1 6 2 20.22 0.91
imp-2 4 1.5 48.50 0.97
photo 49 2 38.00 0.95
pvd-1 4 1 49.00 0.98
pvd-clean 3 0.5 49.50 0.99
wet-1 25 2.5 39.17 0.94
Wafer bumpin
. M/C | Process o
Equipment Qty | Time (Hrs) MTTR(Hrs)| AVAIL(%)
GP-1-1 1 0.246 70.20 0.92
GP-1-2 1 0.246 61.80 0.92
GP-2 -1 1 1.111 249.00 0.57
GP-2-2 1 1.045 208.20 0.59

fabrication
Process Process
Step | Equipment | Time Step |Equipment| Time
(Min) (Min)
1 diff-Clean 11 63 diff-Clean 16
2 diff-1 360 64 diff-1 320
3 Photo 26 65 Photo 29
4 ADI 10 66 ADI 10
5 dry 32 67 dry 32
6 AEI 6 68 AEI 8
7 wet 14 69 wet 14
8 diff-Clean 14 70 CVD Clean 12
9 diff-1 360 71 CVD 26
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10 Photo 32 72 Photo 32 7 wet 14 75 | diff-Clean 12
11 ADI 10 73 ADI 12 3 diff-Clean 8 76 diff-1 250
12 dry 36 74 impl 26 9 diff-1 300 77 Photo 32
7 S S | s 0 1 P T2 | | [ abr | 17

Y 11T-
15 | diff-Clean 15 77 diff-1 320 i ; /Zgl ;2 ;z irEyI 382
16 diff-1 300 78 Photo 32 3 NG 3 o — %
17 Photo 29 79 ADI 12
18 ADI 10 ) dry %) 14 wet 11 82 |CVD Clean 15
o dry 29 31 NG g 15 diff-Clean 12 83 CVD 30
20 AR 10 v et 14 16 diff-1 360 84 Photo 26
21 wet 17 83 |PVD Clean| 18 17 Photo 26 85 ADI 12
22 | diff-Clean | 20 84 PVD 25 13 ADI 10 86 dry 32
23 diff-1 320 85 Photo 26 19 impl 26 87 AEL 8
24 Photo 26 86 ADI 10 20 wet 10 88 wet 15
25 ADI 12 87 dry 32 21 diff-Clean 12 89 |CVD Clean 14
26 dry 36 38 AEI 6 22 diff-1 320 90 CVD 28
27 AEI 8 89 wet 14 23 Photo 32 91 Photo 26
28 wet 14 90 |CVD Clean| 15 24 ADI 10 92 ADI 12
29 | diff-Clean 17 91 CVD 25 25 dry 32 93 Tmp2 32
30 diff-1 300 92 Photo 32 26 AEI 6 94 wet 12
31 Photo 32 93 ADI 12 27 wet 12 95 |CVD Clean| 15
32 ADI 10 94 Imp2 32 28 | diff-Clean [ 16 96 CVD 26
3 — 5 57 oD % 30 Photo 29 98 ADI 10
36 | diffi-Clean | 16 98 Photo 29 31 ADI 10 Kkl dry 36
37 diff-1 320 99 ADI 2 32 dry 32 100 AEL 8
38 | Photo 32 100 dry 36 33 AEL 8 101 wet 17
39 ADI 12 101 AEI ] 34 wet 14 102 CVDiClean 14
20 dry 30 102 wet 4 35 diff-Clean 17 103 CVD 26
42 wet 14 104 PVD 22 37 Photo 30 105 ADI 10
43 | diff-Clean 18 105 Photo 32 38 ADI 12 106 dry 36
44 diff-1 360 106 ADI 12 39 dry 32 107 AEI 8
45 Photo 29 107 dry 26 40 AEI 8 108 wet 15
46 ADI 10 108 AEIL 8 41 wet 16 109 | diff-Clean 14
47 dry 32 109 wet 14 42 diff-Clean 11 110 diff-1 320
32 ’:{Etl & H? CVI&%E“ ;‘1) 3 i1 250 111 | Photo 30
50 | difft-Clean | 12 12 Photo 26 2‘5‘ P:]‘;tl" g 13 &DIZ ;;
51 diff-1 320 113 ADI 10 P
52 | Photo 32 114 dry 32 46 dry E2 114 wet 18
53 ADI T 115 NI 3 47 AEI 3 115 [PVD Clean| 15
54 dry 36 116 wet 14 48 wet 12 116 PVD 29
55 AEI 7 117 CVD Clean 16 49 diff-Clean 13 117 Photo 32
56 wet 15 118 CVD 25 50 diff-1 360 118 ADI 10
57 | diff-Clean 15 119 Photo 26 51 Photo 34 119 dry 32
58 diff-1 360 120 ADI 10 52 ADI 12 120 AEI 3
59 Photo 26 121 dry 32 53 dry 32 121 wet 19
60 ADI 12 122 AEI 6 54 AEI 8 122 |CVD Clean 16
61 impl 32 123 wet 14 55 wet 16 123 CvD 26
62 wet 15 56 diff-Clean 16 124 Photo 29
57 diff-1 300 125 ADI 10
Appendix 3b: Routing of bumping product in wafer 58 Photo 32 126 dry 36
fabrication 59 ADI 12 127 AEI 6
Process Process 60 impl 15 128 wet 14
Time Time 61 wet 12 129 [CVD Clean| 15
Step | Equipment | (Min) Step_|Equipment| (Min) 62 | diff-Clean | 17 130 CVD 32
1 diff-Clean 7 69 |CVD Clean 12 63 diff-1 300 131 Photo 32
2 diff-1 300 70 CVD 32 64 Photo 36 132 ADI 10
3 Photo 32 71 Photo 32 65 ADI 12 133 dry 36
4 ADI 10 72 ADI 12 66 dry 32 134 AEI 9
5 dry 32 73 imp1 12 67 AEI 8 135 wet 15
6 AEI 6 74 wet 12 68 wet 12
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Appendix 3c: Routing of bumping product in wafer

bumping References
Product A Product B
Step | Equipment Step | Equipment
1 GP-1 1 GP-1 [1] Bowman, R.A. (2002). Job Release Control Using a Cyclic
2 GP2 2 GP2 Schedule, Production and Operations management, 11(2), 274-286.
[2] Chen, H., Harrison, J. M., Mandelbaum, A., Ackere, A. V., and
3 GP-1 3 GP-1 j . . .
Wein, L. M. (1988), Empirical evaluation of a queuing network
4 GP-3 4 GP-3 . o .
3 Gpa 3 Gp4 model for semiconductor wafer fabrication, Operations Research,
o GP_S o GP_S 36/2,202-215.
- - [3] Connors, D. P., Feigin, G. E. and Yao, D. D. (1996). A Queueing
7 GP-6 7 GP-6 network Model for Semiconductor Manufacturing, |EEE
8 GP-7 8 GP-7 Transaction on Semiconductor Manufacturing, 9(3), 412-427.
9 GP-8 9 GP-8 [4] Glassey C. Roger and Resende Mauricio G. C. (1988), A
10 GP-9 10 GP-9 scheduling rules for job release in semiconductor fabrication,
11 GP-8 11 GP-8 Operations Research Letters, 7(5), 213-217.
12 GP-10 (A) 12 GP-10 (B) [5] Glassey C. Roger and Resende Mauricio G. C. (1988), Closed-loop
13 GP-11 13 GP-11 job release control for VLSI Circuit, IEEE Transactions on
14 GP-12 14 GP-12 Semiconductor Manufacturing, 1(1), 36-46.
15 GP-1 15 GP-1 [6] Goldratt, E., and Cox J., 1992, The Goal, 2™ revised edn (Croton-
16 GP-13 16 GP-9 on-Hudson, NY: North River Press).
17 GP-14 17 GP-8 [7] Goldratt, E. M., 1990, The Haystack Syndrome, (Croton-on-
18 GP-13 Hudson, NY: North River Press).
19 Gp-14 [8] Hung, Y. F. and Chang, C. B. (2002). Dispatching Rules Using
20 GP-1 Flow Time Predictions For Semiconductor Wafer Fabrications,
Journal of the Chinese Institute of Industrial Engineers, 19(1), 61-
Product C Product D 74.
Step | Equipment Step | Equipment [9] Louw, L. and Page, D. C. (2004). Queuing network analysis
1 GP-1 1 GP-1 approach for estimating the size of the time buffers in Theory of
Constraints-controlled production systems, International Journal of
2 GP-2 2 GP-2 .
3 GP1 3 GP1 Production Research, 42(6), 1207-1226.
[10]NcNair, Mosconi and Norris, 1989, “Beyond The Buttomline”,
4 GP-3 4 GP-3 .
5 GP4 5 P4 (:Business one IRWIN)
e G = e G = [11]Russ, M. D. and John, W. F. (2003). A New Scheduling Approach
Lt P-5 Using Combined Dispatching Criteria in Wafer Fabs, |EEE
7 GP-6 7 GP-6 Transactions On Semiconductor Manufacturing, 16(3), 501-510.
8 GP-7 8 GP-7 [12]Wein L. M. (1992), On the relationship between yield and cycle
9 GP-8 9 GP-8 time in semiconductor wafer fabrication, IEEE Transactions on
10 GP-9 10 GP-9 Semiconductor Manufacturing, 5(2), 156-158.
11 GP-8 11 GP-8 [13]Wu, H. H. and Yeh, M. L. (2006). A DBR scheduling method for
12 GP-10(C) 12 GP-10 (D) manufacturing environments with bottleneck re-entrant flows,
13 GP-11 13 GP-11 International Journal of Production Research, 44(5), 883-902.
14 GP-12 14 GP-12 [14]Yuquan Li (2009), Flip Chip And Heat Spreader Attachment
15 GP-1 15 GP-1 Development, A Dissertation Submitted to the Graduate Faculty of
16 GP-8 16 GP-13 Auburn University.
17 GP-12 17 GP-14 ) )
18 GP-1 Ying-Mei Tu is an associate professor in the Department of Industrial
19 GP-8 Management at Chung-Hua University, Taiwan. She received her M.S.
and Ph.D. degrees in Department of Industrial Engineering and
20 GP-13 . . .
o1 GP-14 Management from National Chiao-Tung University. Her research
o) GP-1 activities include production management in semiconductor, supply chain
3 GP3 management (SCM), and project management.
24 GP-1




AP R IFEAT AR RAEEREHRFHE

# 100+ 08 " 16 p

E s |NSC 99—2221—-E—216—029

VR EH | FENM ARG RPE PSS FIREN RS ED

R AR b g PRt | ¢ =R

Vi SR 2 B 1 EaARE K REIRE N K
10082 6p 2 v )
R EF e 2 e idq;'z‘ ’

=g 10087 11 p ¢ %+ % | Lhasa, China

(F2) FAedmpag s L ER%EE R
2% 7 45
£ A (% =) The Tenth International Conference on Information and Management

Science(IMS2011)
(%) SRS R &I R BRI

B A

i (® <) Shop Floor Control Model for Wafer Fabrication and Flip Chip

- s R R

The Tenth International Conference on Information and Management Sciences was held in Lhasa, Tibet,
China. The goals of this Annual Conference of the International Association of Information and Management
Sciences are to enhance the global competitiveness of the business enterprises through the applications of
research in Information and Management Sciences, and to foster international research collaborations between
Asian scholars and scholars in all other parts of the world. In this era of rapid developments of technology,
scientific conferences of this type occur in many places at various time frames. In the conference, | presented
a paper entitled “Shop Floor Control Model for Wafer Fabrication and Flip Chip” and the topic attracted the
attention of attendants because the issue has not been researched a lot in the past. In addition, some other
topics about management have been presented and they were all impressed me very much.
-~ g N

The conference was a forum for researchers and practitioners from all over the world to share their
research findings and practical experiences on information and management science issues. This year's
conference also combined with another international conference names “The Second International Conference
on Uncertainty Theory”. Therefore, the papers regarding to the uncertainty theory were presented in this
conference. It enriched the conference very much. A total of 94 papers from different countries around the
world were presented in the conference. There are three kinds of presentations in this conference: plenary
talks, parallel oral presentation and Best-Paper-Awarding. In the plenary talks, the topic “Integrated Approach
to Tool Selection andMachine Loading in Designing and Planning Flexible Manufacturing Cells” by Zahari



Taha impressed me very much. He proposed another view for tool selection and will be a good reference for
me. In addition, some presentations such as Yu-Chuan Liu: Buffer Sizing Technique for Fuzzy Critical Chain
Scheduling, Dan Ralescu: Statistical Decision under Uncertainty, Lee Young Hae: Supply Chain Management:
Present and Future,...etc., are also superb presentations. This conference reaped no little benefit for me.
2T RRREER

During this trip, | made a visit to Professor Zhibin Jiang in ShangHai Chiao Tung University. Professor
Jiang is an expert in the production management of semiconductor manufacturing. We exchanged our
concepts and opinions in this research fields. Besides, we discussed the differences between Taiwan and
mainland China in semiconductor manufacturing. It is a good experience for me. Besides, in Lhasa, the
conference arranged all conferee to visit Potala Palace.
AR EE

The 10th International Conference on Information and Management Science was a large conference. As
we know that international conference is a good way not only to get new ideas quickly but also to face to face
discuss with the authors. Therefore, | suggested that National Science Council and school should review the
funding policy and increase the funding amount to encourage and support the teachers and graduate students
to attend the international conferences. Besides, | think to hold an international conference is a good way to
let everyone in the world to know Taiwan. It is not only to increase the academic position but also to publicize
our country. Therefore, it is important to encourage the universities and professor to hold the international
conference
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TEL: +886-3-5186067, Email: amytu@chu.edu.tw

Abstract: Semiconductor manufacturing is a capital and
technology intensive high-tech industry with complex
processes. As the technology evolution, to satisfy the high
pin-count and performance requirements, flip-chip became
the predominant technology for chip-to-next level
interconnect. Due to yield concern, the tops foundries, such
as TSMC & UMC, build their own package factories for
flip-chip processes. However, the capacity of flip-chip
factory is usually less than fabs’ and becomes the
bottleneck of all processes. It results in a large number of
WIP, long cycle time and overdue orders and comes into
being the disaster of foundry.

In this study, a shop floor control model for wafer

fabrication and flip-chip factory will be developed. It

includes job release policy and lot priority adjustment rule

of wafer fab. Due to the variability of package technique

and demand, a shop floor control model will be developed

to solve current production planning and control issues. A

dynamic lot priority adjustment rule will be established to

apply to fab. This rule will be based on the WIP level of

flip chip to dynamically adjust the lot priority in wafer

fabrication stage. Therefore, the dynamic buffer

management will be applied to control WIPs of fab. In this

work, the lower bound and upper bound of WIP in front of

constraint machine will be set and to divide the WIP level

into three zones, red, yellow and green zone. When WIP

level falls into red zone (less than lower bound), lot

priority in wafer fabrication stage should be set higher. On

the contrary, if WIP level falls into green zone (more than

upper bound), lot priority can be set lower. Furthermore,

DBR scheduling concept will be applied to the wafer

release plan for flip-chip factory. According to the pace of

the constraint machine to release wafer, it can make sure

to maximize the factory throughput and to keep the WIP

lower. Hence, based on these two controls, the flow will

be more smooth and efficient both on wafer fabrication

and flip-chip factory.

Keywords: Wafer fabrication, Flip-chip package, Shop

floor control, Dynamic buffer management, DBR
scheduling

l. Introduction

Proceedings of the Tenth International Conference on Information and
Management Sciences, Lhasa, China, August 6-11, 2011, pp. 109-115.

Recently, the market needs to drive consumer electronic
products to be smaller, faster and higher functionality. The
trend in microelectronic packaging technology is toward
miniaturization and high performance. In order to keep the
competition, IC companies are forced to introduce advance
technology no matter in wafer fabrication, probe, testing or
assembly. However, the new generation technology always
becomes the bottleneck of the whole process when an
advanced technology is first introduced. Due to the
uncertainty of future demand, to speed the technology
migration rate or just keep in watch will be a dilemma
when the capacity of new technology shortage happens.
This phenomenon is also occurred in the flip chip process.
As the technology evolution, to satisfy the high pin-count
and performance requirements, flip-chip became the
predominant technology for chip-to-next level interconnect.
Flip chip bonding was first introduced by IBM in 1964. It
was called controlled collapse chip connection (C4) by
IBM, in which the flow of the solder bump during
soldering is controlled by the die solder bump volume, area
of the solder wet-table pad on the substrate, the die weight
and the solder surface tension[14]. Due to yield concern,
the tops foundries, such as TSMC & UMC, build their own
package factories for flip-chip processes. Under this
production strategy, the products in foundry can be
separated into two parts, non-bumping process and
bumping process. Nonetheless, the capacity of flip-chip
factory is usually less than fabs’ and becomes the
bottleneck of all stages. It results in a large number of WIP,
long cycle time and overdue orders and comes into being
the disaster of foundry. The most effective solution for the
issue is to increase the capacity of flip chip factory. As well
known, the capacity plan is a long term plan. It means the
capacity can not be increased within a short time.
Especially, when the market demand is instinct with
uncertainty, it is hard to decide to increase capacity. Under
this situation, a suitable shop floor control model for wafer
fabrication and flip-chip factory will be the best way to
relieve the disaster of foundry.

In the past studies, all shop floor control models are
designed for only one kind of factory, especially for fab [1],
[8], [11]. As we know, wafer fabrication is a capital
intensive industry. Therefore, to fully utilize the production
resources to get the maximum output and shortening cycle
time are the major targets of all fabs [4], [5], [10].
Nevertheless, although the fabs perform well, the bumping
products are still pilled in the flip chip factory. From the
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company management point of view, this kind of orders
will take a long cycle times or even be overdue. Hence, a
shop floor control model links with wafer fabrication and
flip chip factory is needed. It should manage not only fab
production but also flip chip portion.

Accordingly, an integrated shop floor control model is
developed in this work. It includes job release policy and
dynamic lot priority adjustment rules. Both release policy
and priority rules are based on the bottleneck machine
(platting equipment) to set the production smoothness f the
whole processes. Under this control, both fab and flip chip
factory can get the better performances. This paper was
structured as follows. In the next section, the job release
policy and dynamic lot priority adjustment rules are
proposed. In section 3, a numerical example is presented to
demonstrate this control model. Finally, the summary and
future researches are included in Section 4.

I1. Integrated Shop Floor Control Model (isfc)

Generally, wafer fabrication and flip chip factory are two
separated factories and managed by different teams and
rules. However, the flip chip factory should take the result
of fab. If the production management of fab focuses on
their own factory only, the chip flip factory will suffer the
variability of fab’s output. Therefore, an integrated shop
floor control model to link with fab and flip chip factory is
very important for the whole performance. In this model,
there are two parts of rules, including job release policy
and lot priority adjustment rule of wafer fab. Although
these rules all will be acted in fab, the indicator will be the
bottleneck of whole processes. In other word, it will be the
plating equipment in this model. The details are described
as follows.

A.NOTATION

The following terminology is required for the capacity
support control model.

PT, * Processing time of upstream machine
PTootencck - Processing time of bottleneck
machine
MTTR, * Mean time to repairf(MTTR) of Feeder
machines

S Upper bound of WIP level
EQ : Expected queue length of bottleneck

machine

Pooiencck - 1€ utilization goal of bottleneck
machine
o . allowance

B. RELEASE POLICY

Based on TOC (Theory of Constraints) concept, it reveals
that the system performance is decided by system
constraint (i.e. the bottleneck of the production system) and
all non-constrains should subordinate the constraint [6], [7].
Generally, the bottleneck of flip chip factory is the plating
workstations. Hence, the wafer release tempo should be
based on the production rate of plating workstation [9],
[13]. However, as mentioned above, the release of flip chip
factory comes from the output of fab. If the factor of flip
chip factory's constraint can't be taken into account to the
release policy of fab, any production planning can't be
effective. Therefore, the release rate of bumping products
to the fab should be based on the production rate of plating
workstation. Basically, the major factor affecting the
production rate is the processing time. In addition, the
capacity loss, for example machines breakdown, will also
impact the production rate. Hence, the production rate of
bottleneck should be modified by the availability of
workstation. Based on these concepts, the production rate
of plating workstation can be identified as the following
equation.

M
bumping = Hhpottieneck —
(Tbottleneck ) (1)

A

It can be made a conclusion that the bumping products
have to be released by the same rate as the service rate of
the bottleneck of flip chip factory. As we know, there is
another kind of products processed in fab and the capacity
of fab is more than flip chip factory. Therefore, the actual

A

bottleneck

arrival rate in fab will larger than the arrival rate of
bumping products. The relation can be described as

ﬂbumping . Arrival rate of bumping products in fab
Hootiencek ?erwce rate of plating workstation in flip chip
aCtO.ry . . . . .
Toottleneck Servwe time of plating workstation in flip
chip factory
A ieneck Availability of plating workstation in flip chip ¢0ws.
factory
M :  Number of bottleneck machines

s :  Lower bound of WIP level
ECL, * Expected capacity loss of feeder
machines of bottleneck machine
Expected capacity loss of bottleneck
machine

ECLbottIeneck :

A =4 + 4

bumping non—bumping (2)

C. DYNAMIC LOT PRIORITY
ADJUSTMENT RULE
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The production environment is full of uncertainty and

unpredictable events, such as machine breakdown,
material shortage, staffs’ leaving,...etc[11]. Although the
release policy is perfect, the production schedule is still
disturbed by the unpredictable events. Finally, the
execution results are far away from the plan. Shop floor
control is the best way to amend this result. Same as the
release policy, the shop floor control rules should be also
taken the status of flip chip factory into account and have
to adjust the production rate of bumping product
dynamically in wafer fabrication stage. In order to
avoiding the starvation of bottleneck machine and
lengthening the waiting time of bumping products in flip
chip factory, the concepts of buffer management in TOC
(Theory of Constraints) are applied. The WIP level of
bottleneck machine is divided into three zones by lower
bound and upper bound, names red, yellow and green
zone. When the WIP level is falling into the red zone, it
means that the WIP level is too low to protect the
bottleneck machine from starvation. Hence, the priority of
bumping products should be higher to push the WIP into
flip chip factory quickly. On the contrary, if the WIP level
is falling into the green zone, it stands for the WIP level is
too high. Too many WIPs waiting in front of bottleneck
machine will increase the cycle time of products [2], [4],
[5], [12]. Therefore, the priority of bumping products
should be lower down in wafer fabrication stage to
decrease the arrival rate of bumping products into flip chip
factory.
Based the description above, the critical point of this
dynamic lot priority adjustment rule is how to define the
lower bound and upper bound of WIP level. The purpose
of lower bound is to avoid the starvation of bottleneck
machine. The major cause of machine starvation is the
capacity loss of feeder machines. Under this situation, the
lower bound will be the amount of WIP to cover the
capacity loss of feeder machines. Besides, although the
priority of bumping products are heightening in wafer
fabrication stage and make them to flow into flip chip
factory quickly, the bumping products still should take
time to arrive the bottleneck machine. Therefore, the time
from the first workstation to the bottleneck has to take into
consideration. Accordingly, the lower bound of bottleneck
can be described as the following equations.

2P
a i 3
S= (Z ECLI - ECLbottIeneck) + PJTI ®)
i=1

bottleneck
ECL, = MTTR; x 2, x(1-A) 4)
The major purpose of the upper bound is to prevent the

long cycle time of products. The queuing theory is applied
to the formulation. Based on the queuing theory, waiting

time of products is decided by the utilization of equipment.

When the managers set the goal of cycle time of products,

the utilization of equipment can be calculated. The
expected queue length can also be derived based on the
utilization of equipment. Because the expected queue
length is just an average number, the allowance is put into
the upper bound equation and expresses as follows.

S = EQ (pbottleneck H M )X @ (5)
Px(lep

EQ(pbonleneck M ) = m (6)

S AT LA M
P_((nzz;‘(n! L} D Lt} Moxu—2
(7

A

= ®)

L M x u

II1. Numerical Example

Appendix 1, 2 and 3 show illustrate the preliminary data

concerning the example, including information about the
master production schedule (MPS), the machines and the
routing of products. The measure unit of releasing batch
into factory is “lot”. A lot includes 25 wafers. The release
policy is of uniform distribution. A wafer factory can
normally be divided into seven areas, with more than one
machine in each. Machines in the same area perform the
same functions. The processing time is defined by recipe in
wafer fabrication, however, it is defined by equipment in
flip chip factory.
This example assumes that the equipment of GP10 (Plating
equipment) is the bottleneck machine in flip chip factory.
Therefore, the release rate of bumping products in wafer
fabrication is as follows.

Based on equipment list of wafer bumping, it shows that
the WPH (Wafer Per Hour) of GP10 by product are as
follows.

Product Service Time(hrs)
A (3.316+3.125+6.812)/3=4.418
B (6.812+4*4.587)/5=5.032
C (6.812+4*4.587)/5=5.032
D 4.587
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fepny = o 4418+ 2 5,032 + 2 5,032
1141 1141 1141

! x4.587 =4.752
41

Agpro = (0.91+0.94+0.93+0.93+0.91+0.9+0.93
+0.93)/8 =0.92

8

ﬂ“bumping = Hepio = W = ISS(IOt / hOUr)

0.92

Based on the equation 3 and 5, the lower bound and upper
bound of GP10’s WIP level can be derived as follows.
Assume @ =1.1

Average Process Time of equipment in flip chip factory:

Average
Equipment Process
Time (Hrs)

GP1 0.246
GP2 1.041
GP3 1.520
GP4 0.650
GP5 0.840
GP6 1.220
GP7 1.294
GP8 0.703
GP9 1.420
GP10 4.752
GP11 1.826
GP12 1.021
GP13 1.125
GP14 2.013

The expected capacity loss of feeder machines :

z ECL; = ECLgps_; + ECLgpg , + ECLgpg 5 + ECLgpg

i=1
=110.4%1/0.703*(1-0.9)
+151.8%1/0.703* (1-0.9)
+100.2*%1/0.703* (1-0.9)
+156.6*%1/0.703* (1-0.9)
=738

ELC =273%1/3.316*(1-0.91)

+301.8%1/3.125*(1-0.91)
+285.6%1/6.812*(1—0.94)
+309%1/4.587*(1-0.93)

+268.2%1/4.587*(1-0.93)
+292.2%1/4.587%(1-0.93)
+300.6%1/4.587*(1-0.93)
+745.8%1/4.587 *(1-0.90)

=52.73

bottleneck

The time from the first workstation to the bottleneck:

> PT, =PTgo, +PTep, + PTgp + PTepy + PTep, +
j=1

PTgps +PTgp s + PTgp; + PTgp g + PTgp o +
PTgp s = 9.86(Hrs)

Therefore, the lower bound can be defined as follows.
§=73.8—52.73+9.86/4.752 = 23.15 ~ 24(lots)

L1 151787 1 [151787 8x0.1936
P= —x +—x x !
((;n! [0.1936}) 8! [0.1936} 8%0.1936 15178

=0.000053

__ L5178 ~0098
8x0.1936

0.000053x| 178 10,08
0.1936

. =459
8ix(1—0.99)

EQ(pbonleneck ’ M ) =

S = EQ(Pyyioncacs M) ¥ @ = 45.9x1.1=50.49 ~ 51(lots)

IV Conclusion

In this work, an integrated shop floor control model
between wafer fabrication and flip chip is established to
enhance the whole production performance. There were
two control rules are developed, wafer release policy and
dynamic lot priority adjustment rules. Both of them are
based on the bottleneck of whole production line to
manage the production tempo. Through these two control
rules, the production performances of wafer fabrication and
flip chip factory will be improved.

Regarding to the future works, there are two points can be
considered. The first one is the effect of deviation of wafer
release on the production performance. Actually, the
studies of release policy in most of researches focus the
mean of arrival rate. However, the sources of performance
variation come from the deviation of control factors.
Therefore, the sensitivity of deviation of arrival rate is
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worth studying. Besides, the arrival pattern is another
factor which will affect on the production performance.
Although the arrival pattern can not be well controlled in
the real life, it can be studied how the performance is
affected. Finally, this result can be used to adjust the shop

floor status.
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Appendices

Appendix 1: Master Production Schedule

Wafer fabrication

Product Demand(lot/month)
Non-bumping 2282
bumping 1093
Wafer bumping
Product Demand(lot/month)
A 520
B 420
C 200
D 1

Appendix 2: Machine information

Wafer fabrication

GP-2 -3 1 0.968 211.20 0.57
GP-3-1 1 1.644 65.40 0.82
GP-3 -2 1 1.535 66.00 0.82
GP-3 -3 1 1.382 64.80 0.82
GP-4 -1 1 0.767 56.40 0.85
GP-4 -2 1 0.533 57.00 0.85
GP-5 -1 1 0.966 82.20 0.87
GP-5 -2 1 0.714 59.40 0.90
GP-6-1 1 1.268 55.80 0.90
GP-6 -2 1 1.268 88.80 0.90
GP-6-3 1 1.125 166.80 0.90
GP-7-1 1 1294 225.60 0.90
GP-7-2 1 1.294 243.00 0.90
GP-7-3 1 1.294 19140 0.90
GP-8-1 1 0.703 110.40 0.90
GP-8-2 1 0.703 151.80 0.90
GP-8-3 1 0.703 100.20 0.90
GP-8-4 1 0.703 156.60 0.90
GP-9-1 1 1.420 0.00 0.94
GP-9-2 1 1.420 0.00 0.94
GP-9-3 1 1.420 74.40 0.94
GP-9-4 1 1.420 140.40 0.94
GP-9-5 1 1.420 56.40 0.94
GP-10 (A) -1 1 3316 273.00 091
GP-10 (A) -2 1 3.125 301.80 091
GP-10(A/B/C)| 1 6.812 285.60 0.94
GP-10(B/C)-1 | 1 4.587 309.00 0.93
GP-10 B/ C)2 | 1 4.587 26820 0.93
GP-10(B/0)-3 | 1 4587 292.20 0.93
GP-10 (B/C)4 | 1 4.587 300.60 0.93
GP-10 (D) 1 4587 745.80 0.90
GP-11-1 1 1.561 75.60 0.85
GP-11 -2 1 1.561 22740 0.85
GP-11-3 1 1.561 127.20 0.85
GP-11 -4 1 2.621 137.40 0.85
GP-12-1 1 1.021 195.00 0.86
GP-12-2 1 1.021 151.20 0.86
GP-12-3 1 1.021 333.00 0.86
GP-13-1 1 1.125 253.20 0.61
GP-13-1 1 1.125 277.20 0.61
GP-13-1 1 1.125 253.80 0.61
GP-14-1 1 2.013 250.20 0.89
GP-14-2 1 2.013 225.00 0.89
GP-14-3 1 2.013 319.20 0.89
GP-14-4 1 2.013 291.00 0.89

Appendix 3a: Routing of non-bumping product in wafer

. MTTR | MTBF A—
Equipment | M/C Qty (HI) (HI) Availability
ADI 19 1.5 48.50 0.97
AEI 10 1 49.00 0.98
cvd-1 14 3 72.00 0.96
cvd-clean 8 1 49.00 0.98
diff-1 55 5 95.00 0.95
diff-clean 15 1 49.00 0.98
dry-1 46 2.5 25.28 0.91
imp-1 6 2 20.22 0.91
imp-2 4 1.5 48.50 0.97
photo 49 2 38.00 0.95
pvd-1 4 1 49.00 0.98
pvd-clean 3 0.5 49.50 0.99
wet-1 25 2.5 39.17 0.94
Wafer bumpin
. M/C | Process o
Equipment Qty | Time (Hrs) MTTR(Hrs)| AVAIL(%)
GP-1-1 1 0.246 70.20 0.92
GP-1-2 1 0.246 61.80 0.92
GP-2 -1 1 1.111 249.00 0.57
GP-2-2 1 1.045 208.20 0.59

fabrication
Process Process
Step | Equipment | Time Step |Equipment| Time
(Min) (Min)
1 diff-Clean 11 63 diff-Clean 16
2 diff-1 360 64 diff-1 320
3 Photo 26 65 Photo 29
4 ADI 10 66 ADI 10
5 dry 32 67 dry 32
6 AEI 6 68 AEI 8
7 wet 14 69 wet 14
8 diff-Clean 14 70 CVD Clean 12
9 diff-1 360 71 CVD 26
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10 Photo 32 72 Photo 32 7 wet 14 75 | diff-Clean 12
11 ADI 10 73 ADI 12 3 diff-Clean 8 76 diff-1 250
12 dry 36 74 impl 26 9 diff-1 300 77 Photo 32
7 S S | s 0 1 P T2 | | [ abr | 17

Y 11T-
15 | diff-Clean 15 77 diff-1 320 i ; /Zgl ;2 ;z irEyI 382
16 diff-1 300 78 Photo 32 3 NG 3 o — %
17 Photo 29 79 ADI 12
18 ADI 10 ) dry %) 14 wet 11 82 |CVD Clean 15
o dry 29 31 NG g 15 diff-Clean 12 83 CVD 30
20 AR 10 v et 14 16 diff-1 360 84 Photo 26
21 wet 17 83 |PVD Clean| 18 17 Photo 26 85 ADI 12
22 | diff-Clean | 20 84 PVD 25 13 ADI 10 86 dry 32
23 diff-1 320 85 Photo 26 19 impl 26 87 AEL 8
24 Photo 26 86 ADI 10 20 wet 10 88 wet 15
25 ADI 12 87 dry 32 21 diff-Clean 12 89 |CVD Clean 14
26 dry 36 38 AEI 6 22 diff-1 320 90 CVD 28
27 AEI 8 89 wet 14 23 Photo 32 91 Photo 26
28 wet 14 90 |CVD Clean| 15 24 ADI 10 92 ADI 12
29 | diff-Clean 17 91 CVD 25 25 dry 32 93 Tmp2 32
30 diff-1 300 92 Photo 32 26 AEI 6 94 wet 12
31 Photo 32 93 ADI 12 27 wet 12 95 |CVD Clean| 15
32 ADI 10 94 Imp2 32 28 | diff-Clean [ 16 96 CVD 26
3 — 5 57 oD % 30 Photo 29 98 ADI 10
36 | diffi-Clean | 16 98 Photo 29 31 ADI 10 Kkl dry 36
37 diff-1 320 99 ADI 2 32 dry 32 100 AEL 8
38 | Photo 32 100 dry 36 33 AEL 8 101 wet 17
39 ADI 12 101 AEI ] 34 wet 14 102 CVDiClean 14
20 dry 30 102 wet 4 35 diff-Clean 17 103 CVD 26
42 wet 14 104 PVD 22 37 Photo 30 105 ADI 10
43 | diff-Clean 18 105 Photo 32 38 ADI 12 106 dry 36
44 diff-1 360 106 ADI 12 39 dry 32 107 AEI 8
45 Photo 29 107 dry 26 40 AEI 8 108 wet 15
46 ADI 10 108 AEIL 8 41 wet 16 109 | diff-Clean 14
47 dry 32 109 wet 14 42 diff-Clean 11 110 diff-1 320
32 ’:{Etl & H? CVI&%E“ ;‘1) 3 i1 250 111 | Photo 30
50 | difft-Clean | 12 12 Photo 26 2‘5‘ P:]‘;tl" g 13 &DIZ ;;
51 diff-1 320 113 ADI 10 P
52 | Photo 32 114 dry 32 46 dry E2 114 wet 18
53 ADI T 115 NI 3 47 AEI 3 115 [PVD Clean| 15
54 dry 36 116 wet 14 48 wet 12 116 PVD 29
55 AEI 7 117 CVD Clean 16 49 diff-Clean 13 117 Photo 32
56 wet 15 118 CVD 25 50 diff-1 360 118 ADI 10
57 | diff-Clean 15 119 Photo 26 51 Photo 34 119 dry 32
58 diff-1 360 120 ADI 10 52 ADI 12 120 AEI 3
59 Photo 26 121 dry 32 53 dry 32 121 wet 19
60 ADI 12 122 AEI 6 54 AEI 8 122 |CVD Clean 16
61 impl 32 123 wet 14 55 wet 16 123 CvD 26
62 wet 15 56 diff-Clean 16 124 Photo 29
57 diff-1 300 125 ADI 10
Appendix 3b: Routing of bumping product in wafer 58 Photo 32 126 dry 36
fabrication 59 ADI 12 127 AEI 6
Process Process 60 impl 15 128 wet 14
Time Time 61 wet 12 129 [CVD Clean| 15
Step | Equipment | (Min) Step_|Equipment| (Min) 62 | diff-Clean | 17 130 CVD 32
1 diff-Clean 7 69 |CVD Clean 12 63 diff-1 300 131 Photo 32
2 diff-1 300 70 CVD 32 64 Photo 36 132 ADI 10
3 Photo 32 71 Photo 32 65 ADI 12 133 dry 36
4 ADI 10 72 ADI 12 66 dry 32 134 AEI 9
5 dry 32 73 imp1 12 67 AEI 8 135 wet 15
6 AEI 6 74 wet 12 68 wet 12
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Appendix 3c: Routing of bumping product in wafer
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