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Abstract

The main manufacturing processes of TFT-LCD are composed of Array process, Cell
process and Module process. Each process is executed by a stand alone plant and has different
management focus. The major TFT-LCD companies in Taiwan own several plants for each
process. An internal supply chain is then composed of these multi-site plants for a TFT-LCD
company. To improve the manufacturing management capability for quick response to market,
the TFT-LCD company will face the following difficult problems: (1)how to decrease the cycle
time of Array plant and Cell plant; (2)how to increase the throughput of Array plant and Cell
plant.

An integration of DBR and demand chain for TFT-LCD plants is proposed in the project to
overcome the above problems. This system is the Drum-Buffer-Rope production solution. The
prototype developed by this research will be referenced by the TFT-LCD company.

Key Words: TFT-LCD, TOC, DBR, Bottleneck Reentry.
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2 Technology Management, Chung Hua University
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ABSTRACT

The main manufacturing processes of TFT-LCD
consists of Array process, Cell process and Module
process. In Array manufacturing, the equipment is
expensive and the process is complex for bottleneck
reentrant flows. The problem confronted by Array
plant are the cycle time reduction plan and the
throughput of  improvement.

The DBR management system in this paper is
therefore proposed to improve the cycle time and
throughput of an Array plant. The DBR management
system (A-DBRMS) is first proposed and the
modules are described detailed. A prototype is
designed to  demonstrate the feasibility of the
proposed system. An eM-Plant simulation model is
final utilized to test the function provided by this
prototype.

TFT-LCD

Keywords: Array  Manufacture

Bottleneck reentrant flows - Drum-Buffer-Rope.
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Scheduling and Control of TFT-LCD Cell plants Using
Drum-Buffer-Rope Systems
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Abstract

Thin film transistor liquid crystal display (TFT-LCD) manufacturing process consists of three basic
process stages: Array process, Cell process and Module process. Little previous research works are
found on the problem of scheduling and control TFT-LCD Cell plant due to its specific domain. In
this article, we are concerned with the scheduling and control of Cell plants by using
Drum-Buffer-Rope (DBR) Systems. Although the DBR system have been successfully implemented
in some manufacturing plants, the detailed design rule or applications must be customized based on
the special characteristics and requirement of different manufacturing environments. A DBR
customized model for TFT-LCD Cell process is proposed in this article due to its specific domain. A
detailed exploration of the required customization of drum design algorithm in this method is
presented. A real-life Cell plant case is utilized to explain the significance and feasibility of the
proposed method.

KEY WORDS: TFT-LCD Cell process, Drum-Buffer-Rope(DBR), Theory of Constraints (TOC),
Parallel machine scheduling

1. Introduction

TFT-LCD manufacturing process consists of three basic process stages: Array process, Cell process
and Module process. The Array process which fabricates TFT is very similar to semiconductor wafer
fabrication except the material components. The main raw material of Array process is the glass
substrate which must be processed 5-7 times through cleaning, coating, exposure, developing, etching,
and strip, etc. The Cell process consists of many assembly steps to assemble TFT and color filter
panels. The Module process is the last stage of TFT-LCD manufacturing processes where the
TFT-LCD panels passed from Cell process are assembled with all other necessary parts to complete
the final TFT-LCD product. Each process is executed by a stand alone plant and has different
management focus. The major TFT-LCD companies in Taiwan own several plants for each process.

The manufacturing cycle time (CT) of completing the TFT-LCD processes is about 9~13 days which
is the summation of about 5-7 days for Array process, 3-5 days for Cell process and 1 day for Module
process, respectively. The required cycle time of Array and Cell processes is a critical issue in
TFT-LCD industry. The TFT-LCD company therefore faces the pressure to improve the CT and
throughput of Array and Cell processes to release the risk of inventory and to enhance the fulfill rate
and response time to customer. In this article, we are concerned with the scheduling and control of
Cell plants by using DBR Systems to improve its CT and throughput.

The DBR method is the production application of Theory of Constraints, a global managerial
methodology that helps the manager to concentrate on the most critical issues. The DBR methodology
is now being implemented by a growing number of manufacturing organizations (Corbett and

* To whom correspondence should be addressed.
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Csillag 2001, Schragenhem and Ronen 1990). By enabling better scheduling and decision making on
the shop floor, its results are remarkable such as higher throughput, lower WIP, and shorter CT.
Although, the DBR methods and its applications in some industries has been studied in some
literatures recently(Atwater and Chakravorty 2002, Guide 1996, Wu and Yeh, 2006, Wu, et al 1994),
no previous research on the problem of scheduling and control TFT-LCD Cell plant using DBR can be
found. A DBR customized model for TFT-LCD Cell process is thus proposed in this article due to its
specific domain. A detailed exploration of the required customization of drum design algorithm in this
method is presented. A real-life Cell plant case is utilized to evaluate the significance and feasibility of
the proposed method.

2.

Manufacturing process and characteristics of a Cell plant

Cell process in TFT-LCD manufacturing is an assembly process in which two components, Color
Filter(CF) and TFT glasses are assembled. Usually, CF glasses are purchased from outside vendors
while TFT glasses are manufactured in their own Array plants. In the assembly process, glasses are
transported in a lot (or a cassette) which consists of 24 pieces (or sheets) of glasses. Each sheet of
glass contains four or six cells according to the size of glass and each cell represents a LCD panel
unit. Lots of TFT and CF glasses is released respectively into 1* Scribe & Grinding step that is the
first step of assembly process, as shown in Fig. 1. Throughout the assembly process, each TFT
and CF glasses are separately printed with poly-imid (PI) and rubbed, then attached together, hot
processed, filled with liquid crystal, sealed, finally cut into cell units and test. The final product of a
Cell plant is called a LCD panel. A LCD panel will be further assembled with other parts, such as
black light, IC and PWB, to be a final TFT-LCD product in a Module plant.

Processing  Setup Maximum Capacity
LCD panel time time for Batch process
| Test | 2 mins/pcs 0 -

|Grinding & Laminati0n| 12 mins/lot 30 mins -

| 2nd gcribe | 15mins/lot 20 mins -

| End4SeaI | 2 hrs/batch 20 mins 3 lots or 72 pcs

| LC Inj*ection | 8 hrs/batch 120 mins 8 lots or 192 pcs

| Vacuum :nnealing | 4 hrs/batch 0 16 lots or 384 pcs

| Hot Press | 5 hrs/batch 0 6 lots or 144 pcs

| Cell A;sembly | 12 mins/lot 60 mins -
Rub%ing 12 mins/lot 30 mins -

| Pl Pr?nting | 12 mins/lot 120 mins -

7 )
|1St Scribe & Grinding| 12 mins/lot 30 mins -

N

TFT glass CF glass

Figure 1 The typical manufacturing process of a Cell plant.
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Some special characteristics exist in Cell process:

(1) TFT glass and CF glass must be paired into assembly station. Therefore, three lots of TFT glasses
and then three CF glasses are usually processed serially in the stations before assembly, that are 1%
Scribe & Grinding, PI Printing and Rubbing.

(2) The machines after Assembly steps, such as Hot Press, Vacuum Annealing , LC Injection and End
Seal, are batching machine in which several lots can be processed simultaneously. If lots
processed are under the machine capacity, its capacity is lost. For example, the capacity of a Hot
Press machine can process six lots or 144 pcs of glasses simultaneously. If a Hot Press machine is
only loaded five lots, one lot (or 24 pcs) capacity is lost in this manufacturing process.

(3) The maximum capacity of different batching machines are different. For example, the maximum
capacity of a Hot Press machine is three lots in a process and that of a Vacuum Annealing is 16
lots.

(4) Each station including batching machine stations in the Cell process usually contains parallel
identical machines.

(5) The lot waiting time in some stations, such as LC Injection or Vacuum Annealing, is limited,
otherwise the quality of this lot will be worsen.

The manufacturing CT of TFT-LCD is about 9~13 days which is the summation of about 5-7 days for
Array process, 3-5 days for Cell process and 1 day for Module process, respectively. The required
cycle time of Array and Cell processes is a critical issue in TFT-LCD company. Due to the long
manufacturing CT, the TFT-LCD company employs the Make-to-Stock(MTS) production strategy
for the Array and Cell process and Assembly-to-Order production strategy for Module process (Lin et
al 2004). Under MTS production strategy, Cell plant first develops a monthly (medium-term)
production plan according to the aggregate forecast demand information provided by the sales
department. This monthly production plan will be then disaggregated into daily (short-term)
production plan by production planners. A daily production plan with 7-day planning horizon is
provided by the planner once a week as shown as an illustration in Table 1. The required quantity of
an item at some day is called a batch. For example, The required 114 lots of 14.1” panel in 4/1 is
called a batch. Although a daily production plan can guide a shop manager to produce a batch size per
item, it is only a rough-cut capacitated daily production plan for shop manager to implement in the
shop. For example, the release timing and quantity of a TFT and CF raw glasses can not be
determined based this daily production plan. That is the disaggregated daily production plan, i.e., a
shift production or hourly production plan, must depend on the experience of shop manager. Little
previous research works are found on the problem of scheduling TFT-LCD Cell process. Jeong et al
(2001) proposed scheduling procedures to disaggregate the daily production plan into shift production
schedule for a Cell plant. Their scheduling objective is to minimize the mean flow time and maximize
the production progressiveness. In this article, a Drum-Buffer-Rope (DBR) method is proposed to
schedule and control of TFT-LCD Cell plant to improve its CT and throughput and then strengthen its
competitive advantage.

Table 1. An illustration of daily production plan.

Current time(Tnow): 3/29 0:00

Item 4/1 4/2 4/3 4/4 4/5 4/6 4[7
24:00 24:00 24:00 24:00 24:00 24:00 24:00

14.1” 114 117 120 111 111 117 120

15” 72 75 75 69 75 75 75

17 27 30 27 27 33 30 33

3. DBR system overview

The DBR method is the production application of Theory of Constraints (TOC), a global managerial
methodology that helps the manager to concentrate on the most critical issues. The five steps of

32



focusing to implement TOC (Goldratt 1986a, Schragenheim and Ronen 1990) are:

Step 1. Identify the system constraint(s).

Step 2. Decide how to exploit the constraint(s).

Step 3. Subordinate everything else to the above decision.

Step 4. Elevate the system constraint(s).

Step 5. If, in the previous steps, a constraint has been broken, go back to step 1, but not let “inertia”
become the system constraint.

DBR represents a set of rules for implementing the first three steps in TOC. The constraints in a
manufacturing plant may be the market demand, plant capacity and material limitations. The most
obvious application of the DBR is when plant performance is constrained by a lack of
manufacturing capacity at a capacity constrained resource (CCR) or bottleneck. Hence, the entire
production throughput of a plant is based on the exploitation and subordination of its CCR. DBR is
a mechanism to fulfill the CCR exploitation and subordination process.

3.1 DBR scheduling method

According to Fig. 2, the three major components of DBR are the drum, the buffer, and the rope.
The drum is a detailed schedule of the CCR. The drum design performs the CCR exploiting
decision process when scheduling the DBR. The design method of a drum depends on the
requirements and complexities of different shop. A typical design process of drum proposed by
Goldratt (1990) can be referenced and will be discussed in section 3.2. Therefore, a drum, which is
the final result or documents after this CCR exploiting decision, is the optimized processing
sequence for all orders in CCR.

| Non-CCRs |
Gateway 4/—|\ —
Station | CCR Buffer R Shipping Buffer —1iRRi0
Rope Drum
now now

v v

future future

Figure 2. Three major components of DBR.

The buffer is a protection time to protect the CCR when raw materials are delayed by previous
processing procedures. The buffer size in a stable environment is generally defined as three times
the average lead time to the constraint from the raw material release point (Schragenhem and
Ronen 1990). Managers can employ this method to determine initial buffer sizes and make
adjustments based on Buffer Management approach over time until optimal buffer sizes are
identified (Goldratt and Fox 1986b, Schragenhem and Ronen 1991).

Finally, the rope, which can be measured by offsetting the buffer from the drum, is a detailed
schedule for releasing raw material into the shop floor to force all system parts to work only up to
the pace dictated by the drum.

Under the DBR system, any employee or resource in a manufacturing plant can be guided to fulfill
the CCR exploitation and subordination process, and thus attain the focus or goal of the plant.
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Therefore, two fold improvements can be found by implementation of DBR system. The first is it
can squeeze and protect CCR potential throughput so as to improve the system throughput. The
second is it restricts unlimited release of material into the system so as to prevent the growth of
inventory, which would increase in the CT.

3.2 Drum Design method
Two main steps in designing a drum were recommended by Goldratt (1990) as follows:

(1) Generating the ruins: The ruins are the ideal production schedules for all lots at bottleneck station
that do not consider the feasibility of the production capacity at the bottleneck. The ideal
production time at the bottleneck, required by a lot, is obtained by subtracting the shipping buffer
time from its due date or required time. The purpose of the ruins is to evaluate the relative
production priority at the bottleneck for different lots.

(2) Leveling the ruins: Since the ruins are the ideal production schedules that might not fit production
capacity at the bottleneck, the ruins will schedule a machine at the bottleneck station to process
two or more lots simultaneously. Therefore, these overlapping lots in the ruins must be leveled
and rationalized to produce a logical production schedule (drum) at the bottleneck.

In short, leveling the ruins determines actual priority for each lot in the piled lots to fit bottleneck
capacity. This leveling is usually performed by adopting leveling principles or sequencing
(dispatching) rules. For example, Dr. Goldratt (1990) proposed a set of backward leveling principles
for the make-to-order production mode. The lot completed latest in the ruins will be the first selected
for allocation in the drum. If two lots in the ruins are completed simultaneously, the lot that requires
more completion time will be assigned higher priority. If the location of a lot in the drum is already
occupied by other higher priority lots, the lot will be placed ahead (left) of these higher priority lots.
Finally, when all lots in the ruins have been leveled, any lot which has been pushed past or to a time
before zero must be evaluated. If yes, these lots will be pushed back to a reasonable start time. These
leveling principles translate the ruins to a workable drum.

Although the DBR system have been successfully implemented in some manufacturing plants, the
detailed design rule or applications must be customized based on the special characteristics and
requirement of different manufacturing environments. Due to the specific domain of TFT-LCD Cell
plant and little research on the problem of scheduling and control TFT-LCD Cell plant, a customized
DBR system for TFT-LCD Cell plant is presented.

4. A Customized DBR for TFT-LCD Cell plant
The bottleneck or CCR in the Cell plant is identified as PI Printing station based on the discussion

with the personnel in different Cell plants. According to the CCR station, the DBR system is applied
to the Cell plant as follows.

4.1 Buffer Determination

Based on the Pl Printing (CCR) step, the CCR buffer covers the 1% Scribe & Grinding step and the
shipping buffer covers from assembly to Test steps. The size of the buffer are determined by two
procedures: (1) evaluating initial buffer size based on the buffer evaluated formulas recommended by
Guide(1996) and (2) tuning it based on the current CT in Cell plant.

Step 1: Evaluating initial buffer size
Schragenheim and Ronen (1990) first recommended the size of the buffer in a stable
environment is normally defined as three times the average lead time to the constraint from

raw material release point. Guide (1996) then recommended a general formula in which
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buffer size was determined by a constant which is then multiplied by the cumulative
processing time as shown as Eq(1):

BS; = MULT x ) PT, (1)
j=1
Where

BSi = buffer size for CCR buffer (i=ccr) and Shipping buffer (i=shipping)

PTj=processing time for operations covered by CCR buffer or Shipping buffer

MULT=constant buffer size multiplier which was recommended by Schragenheim and Ronen
(1990) as three.

Therefore, based on Eq.(1) and the processing information shown in Fig. 1, the CCR buffer
and Shipping buffer for a lot are evaluated as follows:

BS.;=3%x12=36 (mins) =1 (hr)
BSshipping=3% (12+12+300+240+480+120+15+12+2)
=3579 (mins) =3600=60 (hrs)

Step 2: Tuning the initial buffer size based on the current CT in Cell plant.

The current manufacturing CT of TFT-LCD Cell process is about 3-5 days or average 4 days.
Because DBR restricts unlimited release of material into the system so as to prevent the
growth of inventory, which would increase in the CT, the CT under DBR system will be lower
than the average CT of 96 hrs. However, the CT of a lot is only about 60 hrs based on the
initial buffer evaluated in step 1. In other word, the initial buffer size of BS. and BSsipping 1S
some small. Therefore, the initial buffer size of BSc.; and BShipping are refined as 4 hrs and 64
hrs respectively. The initial buffer size can be further made adjustments based on Buffer
Management approach over time until optimal buffer sizes are identified (Goldratt and Fox
1986b, Schragenhem and Ronen 1991).

4.2 Drum Design

A daily production plan with 7-day planning horizon is assumed to be provided by the planner once a
week as shown in Table 1. A customized drum design process is required to design an effective drum
for Cell plant due to its specific domain, such as parallel machines and TFT glass and CF glass paired
into assembly station. The procedure of the customized drum process is first to calculate ruins for
each batch in daily production plan, allocate then these batches into machines, finally translate these
batches into TFT and CF lots and sequence them by three lots of TFT glasses and then three lots of
CF glasses.

Step 1: Generating the ruins
The ruins are the ideal production schedules for all batches at Pl station that do not consider
the feasibility of the production capacity at the PI station. The ideal completed time at the Pl
station for each batch is obtained by subtracting the shipping buffer time from its required time.
For example, the required time of 114 batch size of 14.1” is 4/1 24:00, the completed time for
this batch at Pl station is then 3/30 8:00(=4/1 24:00 — 64 hrs). The final ruins for batches in
date 4/1 and 4/2 in Table 1 are shown in Table 2.

Step 2: Allocating batches in daily production plan into PI machines

The purposes of allocating batches in daily production plan into PI machines are to balance
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these Pl machines and to guarantee these batches can be completed before their completed
times in ruins. The detailed steps are as follows:

Step 2.1: Sorting each batch in the daily production plan.

The batches in daily production plan are sorted by ascending its completed time in ruins. If two
batches have equal completed time in ruins, the larger batch (that requires more processing
time in Pl machine) is assigned higher priority. The 1% priority batch is named as an allocating
batch. For example, the allocating batch among ruins in Table 2 is the batch of 14.1” panel in
4/1.

Table 2. The ruins for batches in date 4/1 & 4/2 in Table 1.

Current time(Tnow): 3/29 0:00

Batches Batch Size | Start time at ruins | Completed time at ruins
14.1” for 4/1 114 3/28 10:24 3/30 08:00
15” for 4/1 72 3/29 03:12 3/30 08:00
17” for 4/1 27 3/29 21:12 3/30 08:00
14.1” for 4/2 117 3/29 09:12 3/31 08:00
15” for 4/2 75 3/30 02:00 3/31 08:00
17" for 4/2 30 3/30 20:00 3/31 08:00

Step 2.2: Selecting a highest priority Pl machine.

Based on the allocating batch, next step is to select a best feasible PI machine for allocation of
this batch. The purpose of this selection is to satisfy the scheduling goal that is first to meet the
requirement of daily production plan and then to reduce the setup time, which then increase
throughput. The machine selection procedures are as follows:

Step 2.2.1: Calculating first the available capacity (AC) for each PI machine.

The AC of a machine equals the completed time of the allocating batch in ruins minus the
available time (AT) of a Pl machine. The AT of a machine is defined as the time the latest
completion time of batches allocated in this machine. However, the initial AT depends on the
initial WIP in a PI machine. For example, an initial WIP for four Pl machines are given in the
first three rows in Table 3. Based on the WIPs in Table 3, the initial AT for the 1% PI machine is
3/29 8:00 which equals to the summation of current time(3/29 0:00) and the processing time of
40 lots of 14.1” panel in PI machine(i.e., 40x12 mins). The initial AT for the other Pl machines
are shown in the 4™ row in Table 3.

Step 2.2.2: Selecting the candidate machines.
The candidate machines are first defined as the machines whose AC are more than processing
time of three lots (i.e., 72 mins). If candidate machines do not exist, then all machines are
candidate machines. For example, based on AT in Table 3 and the completed time of allocating
batch in Table 2, the AC for four Pl machines are 24 hrs, 26hrs, 24hrs and 12 mins, and 23 hrs
and 36 mins, respectively. Therefore, these four machines are all the candidate machines.

Step 2.2.3:Revising candidate machines.

If none of the latest batch allocated in these candidate machines are same as the type of the
allocating batch, go to Step 2.2.4; otherwise the candidate machines is revised as these
machines whose latest allocated batch are same as the type of this allocating batch. For
example, because latest batch allocated in Pl machine #1 and #2 are same as the type of the
allocating batch as shown in Table 3, the candidate machines are revised as Pl machine #1 and
#2
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Step 2.2.2: Selecting the allocating machine.
An allocating machine is defined as a machine with earliest AT in candidate machines. For
example, because the AT of machine #2 is earlier than that of machine #1 as shown in Table 3,
the machine #2 is selected as the allocating machine.

Table 3. An illustration of the initial WIP in four Pl machines.

Current time(Tnow): 3/29 0:00

Pl Machine # 1 2 3 4
WIP Item 14.1” 14.1” 15” 17”7
WIP Qty 40 30 36 42
Initial Available Time | 3/29 08:00 | 3/29 06:00 | 3/29 07:12 | 3/29 08:24

Step 2.3: Allocating the allocating batch into the allocating machine.

Because TFT glass and CF glass must be processed by Pl station respectively, the process batch
size in Pl station is double size of the batch in the daily production plan. For example, the batch
size of the allocating batch (14.1” panel in 4/1) is 114, therefore the processing time of this
batch is 2736 mins (=114 x 2 x 12mins). When the allocating batch is allocated into the
allocating machine, the completed time of this allocating batch in the allocating machine can be
calculated as the summation of AT of this allocating machine and the processing time of this
allocating batch. However, if the type of this allocating batch is different to the type of the
latest batch in the allocating machine, a setup time (120 mins) is required. For example, the
completed time of the allocating batch (14.1” panel in 4/1) is 3/31 3:36 which equals 3/29
06:00 (the AT of the Pl machine #2) + 2736(mins).

Step 2.4: Verifying the availability of the completed time of this batch.

In order to guarantee this batch can be completed before its completed time in ruins, the
available completed time of this batch must be verified. If its completed time is not later than
that in ruins, the availability of the completed time of this batch is OK and so go to Step 2.5.
Otherwise, the later lots of this batch must be truncated to be another new batch(which will be
allocated into another Pl machine in later allocation process). For example, the completed time
of the batch of 14.1” panel in 4/1 is 3/31 3:36 which is later than its completed time in ruins
(i.e., 3/30 8:00 ). Therefore, only 63 lots can be allocated into allocating machine, the other 51
lots of 14.1” panel in 4/1 must be truncated to be another new batch as shown in Table 4.

Table 4. An updated daily production plan(in bold).

Current time(Tnow): 3/29 0:00

Item 4/1 412 4/3 4/4 4/5 4/6 a[7
24:00 24:00 24:00 24:00 24:00 24:00 24:00

14.1” 51 117 120 111 111 117 120

15” 72 75 75 69 75 75 75

17 27 30 27 27 33 30 33

Step 2.5: Updating the AT of the allocating machine.

The new AT of the allocating machine is updated as the completed time of the allocating batch.
For example, the AT of Pl machine #2 is updated as 3/30 7:12 (the completed time of the 63
batch size of 14.1” panel in 4/1). Then, return to Step 2.1 for allocation of another batch until
all batches in daily production plan are allocated. The final allocation results for batches in 1/4
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and 2/4 in Table 1 are shown in Fig. 3.

Pl mc #1 Pl mc #2 Pl mc #3 Pl mc #4
- -3/29 0:00
14.1” WIP 14.1” WIP 15” WIP 177 WIP
40 lot 30 lots 36 lots 42 lots
14.1” 14.17 15” 177 4/1
4/1 4/1 4/1 27 lots
51 lots 63 lots 60 lots Setup _
- { 15"4/1, 12 ots |--3/30 0:00
14.1” >eup 15”
14.17 4/2 1774/2 4/2
412 48 lots 30 lots 75 lots
- 69 lots |_3/310:00
- - - - --4/10:00

Figure 3. The final allocation results for batches in 1/4 and 2/4 in Table 1.
Step 3: Sequencing the production order of lots of the TFT glasses and CF glasses.

TFT glasses and CF glasses which are paired into assembly step must be processed by Pl
station respectively. Three lots of TFT glasses and then three lots of CF glasses are processed
serially in a Pl stations to guarantee the required pair of TFT and CF glasses and to avoid the
serious unbalanced WIPs between these two parts. Therefore, after allocating each batch in
daily production plan in Step 2, each batch must be further disaggregated in unit of three lots
and these lots are ordered in sequence of three lots of TFT glasses and three lots of CF glasses.
Based on the production order of lots of TFT glasses and CF glasses, the start time and ending
time of each lot in PI station can be computed one by one. And, finally, the drum is completed.
An illustration of the start time and ending time of lots for a batch of 27 lots of 17” in PI
machine #4 is shown in Fig.4.

4.3 Rope Schedule

Based on drum designed in section 4.2, the material releasing time of each lot is derived by offsetting
the CCR buffer from its start time in drum. Because each machine has its own drum, the required
material (glass) type and lots must be first derived from each drum. For example, one lot of 14.1” CF
glass is derived from drum of Pl machine #1 at 3/29 4:36 as shown in Table 5. In the mean time, one
lot of 14.1” TFT glass is derived from Pl machine #2, one lot of 15” TFT glass is derived from PI
machine #3, and one lot of 17” TFT glass is derived from Pl machine #4. Since the lots of glass are
conveyed in Cell plant by two approaches: manual and Automated Guided Vehicle (AGV), the rope is
required in different degree of trivial. In Cell plant with AGV system, the material released schedule is
real time transmitted, therefore a trivial rope as shown in Table 6 is preferred. However, in a manual
conveying system, the material (glass) is released by batch, for example one hour or more. Therefore,
each lot of glass in Table 5 must be further grouped into a group of lots by requiring size of group.
Table 7 shows a rope example with one hour group of lots. For example, the group of lots released at
3/29 5:00 is grouped by the lots from 3/29 4:36 to 5:24 in Table 5 or Table 6.
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Batch | Batch | Lots | Parts | Start time Ending
Size | Seq. time
. . . . : Pl mc #4
_ : : : : ) ~3/29 0:00
3 | TFT | 3/2908:24 | 3/2909:00 |\ 17" WIP
3 | CF | 3/2909:00 | 3/29 09:36 | _ ] 42 lots
3 | TFT | 3/2909:36 | 3/29 10:12
3 | CF | 3/2910:12 | 3/29 10:48 177 4/1
3 | TFT | 3/2910:48 | 3/29 11:24 287tlots
3 | CF | 3/2911:24 | 3/29 12:00 etup _
i 3 | TFT | 3/2912:00 | 3/29 12:36 -~ { 15"4/1, 12 ots |-3/30 0:00
3 | CF | 3/2912:36 | 3/29 13:12 | —]
17”1 27 [3 | TFT | 3/2913:12 | 3/29 13:48 | — 157
For | ots [ 3 | CF | 3/2913:48 | 3/29 14:24 4/2
an 3 | TFT | 3/2914:24 | 3/29 15:00 75 lots _
- 3 | CF | 3/2915:00 | 3/29 15:36 - - 3/31 0:00
3 | TFT | 3/29 15:36 | 3/29 16:12
3 | CF | 3/2916:12 | 3/29 16:48
3 | TFT | 3/2916:48 | 3/29 17:24
3 | CF | 3/2917:24 | 3/29 18:00
_ 3 | TFT | 3/2918:00 | 3/29 18:36 | /| __ __4/10:00
3 | CF | 3/2918:36 | 3/29 19:12 /7

Figure 4. An illustration of the start time and ending time of lots for a batch of 27 lots of 17” in PI
machine #4.

Table 5. Rope derived from drums in each PI machines(example)

Release Time | Derived from | Derived from Derived from | Derived from
drum of PI drum of PI drum of Pl drum of PI

MC #1 MC #2 MC #3 MC #4

3/29 3:24 14.1"TFT 15" TFT

3/29 3:36 14.1”TFT 157 TFT

3/29 3:48 14.1"CF 15” CF

3/29 4:00 14.1"TFT 14.1” CF 15” CF

3/29 4:12 14.1”"TFT 14.1” CF 15” CF

3/29 4:24 14.1”"TFT 14.1"TFT 15" TFT 17 TFT

3/29 4:36 14.1” CF 14.17°TFT 15" TFT 177 TFT

3/29 4:48 14.1” CF 14.1”"TFT 15” TFT 177 TFT

3/29 5:00 14.1” CF 14.1” CF 15” CF 17" CF

3/29 5:12 14.1"TFT 14.1” CF 15” CF 17" CF

3/29 5:24 14.1”TFT 14.1” CF 15" CF 17" CF

3/29 5:36 14.1”TFT 14.1”°TFT 157 TFT 177 TFT

3/29 5:48 14.1” CF 14.1”"TFT 15” TFT 177 TFT

3/29 6:00 14.1” CF 14.1"TFT 15” TFT 177 TFT

3/29 6:12 14.1” CF 14.1” CF 15” CF 17" CF

3/29 6:24 14.1”TFT 14.1”TFT 15” CF 177 CF
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Table 6. Rope with 12 minute cycle (example).

Rope 14.1” (lot) 15” lot ) 17” lot)

TFT | CF | TFT | CF | TFT | CF

3/29 3:36 1 1

3/29 3:48 1 1

3/29 4:00 1 1 1

3/29 4:12 1 1 1

3/29 4:24 2 1 1

3/29 4:36 1 1 1 1

3/29 4:48 1 1 1 1

3/29 5:00 2 1 1

3/29 5:12 1 1 1 1

3/29 5:24 1 1 1 1

3/29 5:36 2 1 1

3/29 5:48 1 1 1 1

3/29 6:00 1 1 1 1

3/29 6:12 2 1 1

3/29 6:24 1 1 1 1

3/29 6:36 1 1 1 1

3/29 6:48 2 1 1

3/29 7:00 1 1 1

3/29 T7:12 1 1 1 1

3/29 7:24 2 1 1

Table 7. Rope with one hour group (example).

Rope 14.1” (lots) 15” (lots ) 17” (lots )
TFT[ CF | TFT [ CF | TFT [ CF
3/29 4:00 5 3 2 3 1
3/29 5:00 4 6 2 3 2 3
3/29 6:00 6 4 3 2 3 2
3/29 7:00 5 5 3 2 3 2

4.3 Shipping (Completed) Schedule

The performance indexes concerned in Cell plant are CT of each lot and the confirmed volume in the
daily production plan. Therefore, the final completed time of each lot in a Cell plant is first computed
by adding the shipping buffer to its ending time in drum. Then, each batch in a batch of the daily
production plan is sorted by its completed time. Because the duration of the completed time of each
lot in a batch is between the completed time of the 1% lot and the last lot, the shipping (completed)
schedule of the batches can be represented as the completed time of the 1% lot and the last lot, as
shown in Table 8. If some lots are later than the required date, the quantity or ratio of later lots are
also shown in the shipping schedule. The message of later lots is highlighted to shop manager to take
any required improvement of action.
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Table 8. Shipping Schedule (example).

Date | Glass | Required | Completed Time Completed Time | Quantity of Ratio of
Type Lots of the First Lot of the Last Lot Later Lots Later Lots
14.1” 114 3/31 22:12 4/1 23:12 0 0%
4/1 | 15” 72 3/31 23:24 4/1 23:12 0 0%
17”7 27 4/1 00:36 4/111:12 0 0%
14.1” 117 4/1 20:36 4/2 24:00 0 0%
4/2 | 15”7 75 4/118:12 4/2 24:00 0 0%
17”7 30 4/2 01:24 4/2 13:12 0 0%

5. Conclusions

Thin film transistor liquid crystal display (TFT-LCD) manufacturing process consists of three basic
process stages: Array process, Cell process and Module process. Due to the specific domain of
TFT-LCD Cell plant and little research on the problem of scheduling and control TFT-LCD Cell plant,
the scheduling and control of Cell plants by using Drum-Buffer-Rope (DBR) Systems was presented
in this article. Although the DBR system have been successfully implemented in some manufacturing
plants, the detailed design rule or applications must be customized based on the special characteristics
and requirement of different manufacturing environments. A DBR customized model for TFT-LCD
Cell process was proposed in this article due to its specific domain. A detailed exploration of the
required customization of drum design algorithm in this method was also presented. A real-life Cell
plant case was utilized to explain the significance and feasibility of the proposed method.
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