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The LED chip manufacturing (LED-CM) is an important
process in the LED supply chain. The make-to-order
production is a general model for the LED-DM plants
to satisfy the variety requirement of their
customers. Because the unstable production output of
the LED-CM plants, the effective order fulfillment is
low and variety. Therefore, the production planner
will thus confront the issue of an insufficient
output of a manufacturing order (MO). Although
material re-issued is allowed by the customers, this
re-issued lot is required to be rush order. The LED-
CM plant thus confront the issues of on-time delivery
of those re-issued lots and the impact on the normal
lots.

An enhanced models of Drum-Buffer-Rope (DBR) system
for LED-CM plants is proposed in this project to
improve those issues mentioned above. This model
provides the hot lot schedule in DRUM and immediate
material-issued i1n ROPE. A simulation and experiment
model is also designed in this project to demonstrate
the feasibility and effectiveness of this model.
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Based on the simulation study, this model surpasses
the traditional EDD model or EDD + hot lot first
model in mean flow time or the deviation between
forecast due-date and actual delivery.

Key Words: Drum-Buffer-Rope(DBR), LED chip
manufacturing (LED-CM), Re-issued lot, Expediting
model, Hot lot scheduling
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Abstract

The LED chip manufacturing (LED-CM) is an important process in the LED supply chain. The make-to-
order production is a general model for the LED-DM plants to satisfy the variety requirement of their
customers. Because the unstable production output of the LED-CM plants, the effective order fulfillment is
low and variety. Therefore, the production planner will thus confront the issue of an insufficient output of a
manufacturing order (MO). Although material re-issued is allowed by the customers, this re-issued lot is
required to be rush order. The LED-CM plant thus confront the issues of on-time delivery of those re-issued
lots and the impact on the normal lots.

An enhanced models of Drum-Buffer-Rope (DBR) system for LED-CM plants is proposed in this project
to improve those issues mentioned above. This model provides the hot lot schedule in DRUM and immediate
material-issued in ROPE. A simulation and experiment model is also designed in this project to demonstrate
the feasibility and effectiveness of this model. Based on the simulation study, this model surpasses the
traditional EDD model or EDD + hot lot first model in mean flow time or the deviation between forecast due-
date and actual delivery.

Key Words: Drum-Buffer-Rope(DBR), LED chip manufacturing (LED-CM), Re-issued lot, Expediting
model, Hot lot scheduling
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Abstract. The LED chip manufacturing (LED-CM) is an important process in the LED supply chain. The
make-to-order production strategy is a general production model for the LED-CM plants to satisfy the variety
requirement of their customers. Because the unstable production output of the LED-CM plants, the effective
order fulfillment is low and variety. Under the severely competitive pressure, the production planner will thus
confront the issue of material re-issued for an insufficient output of an MO. The purpose of this effort is to
meet the required due-date of this MO and to reduce the unnecessary inventory of by-product chips.
Therefore, a study of the material (EPI) re-issued MO model for an insufficient output of the LED chip
manufacturing plant is proposed in this paper. Three material re-issued models are proposed and detailed
discussed first. A real-life LED-CM case is then utilized to demonstrate and evaluate the application and

effectiveness of these models. A simulation model is also designed to complete the further experiment.

Introduction

The major processes of the LED industry compose of four parts: material substrate, upstream, midstream and
downstream[1]. Substrate is an important material to produce the Epitaxy wafer (EPI). Two substrate
materials are Sapphire substrate and Silicon substrate. The manufacturing process of LED Chip
Manufacturing (LED-CM) plant is in the midstream. The production process of a LED-CM plant not only
complex but also unstable, and the quality of the LED chips will determine the function of the subsequent
applications. Therefore, the LED-CM plants are important in the LED supply chain and the focus of this
paper.

The make-to-order production strategy is a general production model for the LED-CM plants to satisfy the
variety requirement of their customers. However, the special features of the unstable production output and a
product composed of the chips of different feasible Bins exist in the LED-CM plant. The production planner
will confront the issue of effective inventory control and exact due-date performance under the severely
competitive pressure. An order fulfillment model was therefore presented by Wu et al.[2]. Therefore a re-
issued model for order fulfillment is further proposed in this paper to improve the due-date performance of the
LED-CM plants.

The specificity and order fulfillment issues of the LED-CM plants are first discussed in the second section.
The material re-issued models are then presented in the third section. A real-life LED-CM case is also utilized

to demonstrate and evaluate the application and effectiveness of the proposed models.

The Order Fulfillment Issues in the LED-CM Plant
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Basically, the input material of LED-CM plant is EPI and the final products are LED chips. The
manufacturing process of LED-CM can be divided into two parts, i.e., frontend process and backend process.
The major purpose of the frontend process is to manufacture the electrical function into EPI. And the
functions of the backend process are chip probing, cut and break, sort (by different bins) and package. An EPI
can be cut or broken into several or several ten thousands LED chips depending on its size. Although the
specifications of the LED chip are several, such as structure, size, electrical functions, voltage or customized
requirements etc., the major specification is the electrical functions, i.e., lightness and wavelength. And these
two functions are only utilized as the product specification of the order in the following discuss. The notations

utilized in this paper are as follows:

I: The types of the product specification.

i: The index of a product specification, i =1,2,,1.

Il;: The lower bound light grade of product specification i , i =1,2,,1.

lu;: The upper bound light grade of product specification i ,i =1,2,,1.

J: The maximum range of light grade.

Jj: The index of light grade for a Bin, j=1,2..J.

b;: The chip inventory in the Bin indexed with the j™ grade light and k™ wave band, ;=1,2..J.
ri: The required quantity of an order of the product specification i, i=1,2..1.

g The gross required quantity of an order of the product specification 7, i=1,2..1.

pi: The planning output distribution of the Bin indexed with the j* grade light, i=1,2,..1, j =1,2,,].
g:: The issued quantity for product specification i, i=1,2,..I.

e;: The actual output of the Bins for the order product specification 7, j =1,2,,J.

t;: The total production output probability of the feasible Bins for a product specification i, i=1,2,..1.

The Feasible Bins for a Product Specification. The major product specifications compose of lightness and
wavelength. For example, for the yellow light, the wavelength is between 584nm and 594nm and lightness is
between 100med and 300mcd. Therefore, besides the color of the LED chips, the specification of order must
further define clearly the range of wavelength and lightness. For example, if users want more yellow and light
LED chips, their specifications of wavelength will be between 586nm and 588nm and lightness between
200mcd and 250mcd. However, for the yellow LED chips, the wavelength of another user requirement will be
between 588nm and 590nm and lightness between 150med and 200mcd.

In the LED-CM plant, a user product specification is then transferred to be feasible Bins[1-3]. A Bin is
defined by the light grade and waveband. However, waveband is ignored in this paper to reduce the
complexity of Bin. The detailed Bins descriptions please refer Wu et al[2]. The lightness of a color LED chip
is divided into several light grades (i.e., J grades) depending on the requirements of users. For example, the
yellow lightness is between 100mcd and 300mcd and is divided into 6 grades as shown in Table 1. Therefore,

the feasible Bins for an order with product specification i are defined in Eq. 1.

FB,‘ :{bj, ll,é]élu,}, i=1,2, LI (1)

The shipment chips of an order are then based on the chips of these feasible Bins. For example, the
specifications of an order are yellow LED chips and lightness is between 80mcd and 160mcd. Because the

quality of Bins must narrow than the specification of order, the feasible Bins for this order are light grade 2~3
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(i.e., =2 and /u=3), as shown the shadow boxes in Table 1. Therefore, the inventory chips of these feasible

Bins for a product specification are as shown in Eq. 2.

lu;

v,BY b, =12, .1 (2)

8,

Table 1. An example of Bin definition for yellow LED chips.

Bin # Current Date: 10/19
Light Grade j 1 2 3 4 5 6
Lightness [mcd] 50~100 | 100~15 | 150~20 | 200~25 | 250~30 (300~350
0 0 0 0
Chips in Bin [XK 100 5 5 20 5 50
grains] b;

If the inventory chips of these feasible Bins are sufficient for this order, the shipment of this order is
fulfilled by these inventory chips. Otherwise, a production plan or MO of the 1* product specification will be

issued to produce for this order.

Production Output Distribution of Bins. Because the status of process stable or not in the frontend process
will determine the electrical distribution of those several thousand chips in an EPI, the electrical functions of
the production output of chips in an EPI will be gradient distribution. In other words, the electrical function of
each chip in an EPI is different. Therefore, these chips with non-identical electrical function are classified into
different Bins. Basically, the different Bins distributions will be determined by the different process parameter
or EPI. Therefore, the different product specification identifications are provided by the R&D or engineering
department to get the optimal Bins distributions, as shown the example in Table 1. The total production output

probability of these feasible Bins for a product specification i is thus as shown in Eq. 3.

lu;

LK p,Li=12, .0 3)

Jull;

When the inventory chips in the feasible Bins are insufficient for an order, a production plan or MO of a
feasible product specification is required. The gross required quantity of an order i is first determined by Eq.
4.

gi ﬂ rl D vi ’ i:1)23"I (4)

Then the production quantity of chips for this order is determined by the g; and ¢, as shown in Eq. 5.

g, f— i=12,.1 (5)

1

Hit Target of a MO. Because the status of process stable or not in the frontend process will determine the
electrical distribution of those several thousand chips in an EPI, the actual distribution of the production
output of chips in an EPI will not be same as the planned. The Hit Target (HT) for a MO is the ratio of the

production output chips which are in the feasible Bins. If the ratio is greater than the value of t;, a higher HT is
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performed for this MO. For example, the lightness specifications of two MOs are both 150~200mcd.

Therefore, if the HT of a MO is greater than the planed level, this order can be delivered on time. However,
the planner will get too much excess chips in the Bins. On the contrary, if the HT of a MO is less than the
planed level, a shortage will occur for this MO. An expediting replenishment plan must be switched on by the
planner to catch the requirement of this MO[4]. The determination of an expediting replenishment is by the
remaining time before the due-date of the order of product specification i. The first alternative is to re-create a
MO and re-issue it to replenish the shortage quantity. And, the second alternative is to select a shifting MO
from the WIP to replenish the shortage quantity. The this paper studies the material re-issued models for the
first alternative. Although the order release field has been a popular topics in the literature[5-9], the re-issued
model is little studied. The purpose of this paper is therefore to present the material re-issued models for an
insufficient output of a MO in the LED-CM plant.

Material Re-issued Models for LED-CM Plants

Three material re-issued models are proposed in this section. The first model is to issue the shortage quantity
only (SQO). The second model is to issue the shortage quantity and loss buffer. (SQLB). The third model is to
consider the global WIP inventory status after the probing process. The re-issued quantity depends on the
global shortage quantity(GSQ).

SQO Model. Let si is the shortage quantity of the order of product specification i. Then si is as:

lu;

s, dr, 0 I e, (6)

i,

Then, the inventory chips of the feasible Bins for this product specification must be reviewed again. And si is

revised as:
7 lu; v
s, Bmaxg0,s, | £ b, (7
\ jan, ¢

Therefore, if s;1s greater than zero, the re-issued quantity (rg;) of SQO model is as :

S.

1

rq; i o (8)

1

SQLB Model. The loss buffer (L) is considered in the SQLB model to confirm the enough output of the re-
issued quantity. Basically, the loss buffer is the average loss ratio in which the HT is lower than ti in the last
some periods. Therefore, if s;1s greater than zero by utilizing (7), the re-issued quantity (rg;) of SQLB model
is as:

s, 010 L)

rq, Ht—. ©)

1

GSQ Model. The global WIP inventory status after the probing process is considered in the GSQ model. The
global shortage quantity(gsi) is equal to the required quantity minus the output of the orders with the same

product specification and in the process after probing. Let wi is the current process of the order of the product
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specification 7, i=1,2..1. The gs;is then as shown in Eq. 10.

lu;
gs, H 4 0 K e) (10)
iN{i|w; X probing process} Jll;
The re-issued quantity depends on the global shortage quantity(gsi). If if gs;is greater than zero, the re-issued
quantity (rg;) of GSQ model is as :

rg 85 (11)

1

A Case of a LED-CM Plant

A LED-CM plant located in the Hsinchu Science Park of Taiwan is utilized to illustrate the above models. The
lightness specification is only considered. The lightness is further divided into six specifications, i.e., A~F. as
shown in Table 2. The range of light grades and production output distribution are also shown in Table 2. The
normal or hot run cycle times (CT) for different process are shown in Table 3. Suppose today is 10/19 and
there are 28 lots in production. Table 4 shows the information of these lots. Lot # 001~009 have completed the
Probing process and the HT is known. The HT of other lots are still unknown. For example, the HT quantity
of lot #1 is 263K and greater than the required quantity 250K. Therefore, this lot can be delivered on time.
However, lot #9 met some troubles. The HT quantity of lot #1 is only 867K and less than the required quantity
1000K. Therefore a re-issued lot is required as soon as possible. Based on the proposed re-issued models, the

re-issued lot is shown in follows respectively.

SQO Model. Because si is 133K and the inventory chips of the feasible Bins for this product specification are
25K, s, Bmaxi0,133K 0 25K"@108K .  Therefore, by utilizing (8), the re-issued quantity
rq, 108K /0.6 H180K. That is an expediting lot # 009-1 is issued and its quantity is 108K and duedate is
11/6. Therefore, the lot #9 is split into two lots. The first lot is still # 009 but its quantity is revised to be 892K.
The second lot is #009-1 and its quantity is 108K and duedate is 11/6.

SQLB Model. The si is same as SQO model. Suppose the loss buffer (i.e., L) is equal to 20% by past
experience. Therefore, by utilizing (9), the re-issued quantity ¢, 108K ¢ (11 0.2)/0.6 H216K. That is an
expediting lot # 009-1 is issued and its quantity is 108K and duedate is 11/6. Therefore, the lot #9 is split into
two lots. The first lot is still # 009 but its quantity is revised to be 892K. The second lot is #009-1 and its
quantity is 108K and duedate is 11/6.

Table 2. An example of product specifications and their output distribution.

ID of product |Light grade |Feasible Output distribution of Bin Total production
specification ] EPI 1 2 3 4 5 6 | output probability
[i] [#]
A 2~3 X 15%130% | 30% | 15% | 5% 60.00%
B 3~4 Y 5% | 15% | 30% | 30% | 15% | 5% 60.00%
C 4~5 V4 5% | 15% | 30% | 30% | 15% 60.00%
D 2~4 X 15%130% | 30% | 15% | 5% 75.00%
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3~5

5%

15%

30%

30%

15%

5%

75.00%

4~6

5%

15%

30%

30%

15%

75.00%

Table 3. The cycle time for the different process of LED-CM plant.

[days] Front process Cut Probing | Sorter QC Die Count
Standard CT 15 2 1.5 3 1 2.5
Hot Run CT 10.50 1.40 1.05 2.10 0.70 1.75

Current Date: 10/19

Table 4. Lot information in production.

Unit: x K grains

Lot # |Hot Run| Prod. Required Issued Issued DueDate Current Remaining Remaining DueDate | Output probability HT Qty of HT
[Y/N] Spec. Qty Qty date process Days [Std] | Days[Hot run] |[Hot Run] [ti]

001 N B 250 417 9/27 10/22 Die Count 3 2 10/21 60.00% 63.00% 263
002 N E 400 533 9/27 10/22 Die Count 3 2 10/21 75.00% 75.00% 400
003 N C 300 500 9/27 10/22 Die Count 3 2 10/21 60.00% 62.00% 310
004 N A 500 833 9/28 10/23 QC 4 3 10/22 60.00% 65.00% 542
005 N B 1200 2000 9/29 10/24 Sorter 5 4 10/23 60.00% 61.00% 1220
006 N C 700 1167 9/29 10/24 Sorter 5 4 10/23 60.00% 66.00% 770
007 N A 300 500 10/1 10/26 Probing 7 5 10/24 60.00% 64.00% 320
008 N D 100 133 10/1 10/26 Probing 7 5 10/24 75.00% 79.00% 105
009 N C 1000 1667 10/1 10/26 Probing 7 5 10/24 60.00% 52.00% 867
010 N A 500 833 10/3 10/28 Cut 9 6 10/25 60.00%

011 N B 500 833 10/3 10/28 Cut 9 6 10/25 60.00%

012 N E 600 800 10/5 10/30 Front process 11 8 10/27 75.00%

013 N C 100 167 10/5 10/30 Front process 11 8 10/27 60.00%

014 N F 500 667 10/7 11/1 Front process 13 9 10/28 75.00%

015 N E 100 133 10/7 11/1 Front process 13 9 10/28 75.00%

016 N F 200 267 10/7 11/1 Front process 13 9 10/28 75.00%

017 N B 700 1167 10/7 11/1 Front process 13 9 10/28 60.00%

018 N A 800 1333 10/13 11/7 Front process 19 13 11/1 60.00%

019 N C 600 1000 10/13 11/7 Front process 19 13 11/1 60.00%

020 N D 1000 1333 10/13 11/7 Front process 19 13 11/1 75.00%

021 N B 200 333 10/15 11/9 Front process 21 15 11/3 60.00%

022 N B 300 500 10/15 11/9 Front process 21 15 11/3 60.00%

023 N E 2000 2667 10/15 11/9 Front process 21 15 11/3 75.00%

024 N D 100 133 10/18 11/12 Front process 24 17 11/5 75.00%

025 N A 500 833 10/18 11/12 Front process 24 17 11/5 60.00%

026 N C 200 333 10/18 11/12 Front process 24 17 11/5 60.00%

027 N F 700 933 10/18 11/12 Front process 24 17 11/5 75.00%

028 Y C 130 217 10/19 11/13 Front process 25 18 11/6 60.00%
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GSQModel. Based on the information shown in Table 4, the lots which are product specification C and has
processed by Probing process are lot # 003, 006 and 009. Therefore, by utilizing (9),

gs; (300K 1 700K [1 1000K)[ (310K 1 770K [1 867K) # 53K . Then, utilizing (10), rq; 853K /0.6 488K . That
is an expediting lot # 009-1 is issued and its quantity is 53K and duedate is 11/6. Therefore, the lot #9 is split
into two lots. The first lot is still # 009 but its quantity is revised to be 947K. The second lot is #009-1 and its
quantity is 53K and duedate is 11/6.

Simulation and Experiments

In order further to compare the performance of these three re-issued models, the simulation experiments are
designed. The environments of experiment are as follows:
(1) Six processes, i.e., frontend, cut, probing, sorter, QC, and Die count etc. and their CT are as shown in
Table 3.
(2) Seven product specifications, i.e., A~G etc. and their production output distributions are shown in Table 2.
(3) The production specification of arriving order depends on uniform distribution.
(4) The required quantity of an arriving order depends on normal distribution and its mean is 600K grains and
standard deviation is 100K grains.

(5) The materials of all arriving orders are issued first come first in but limited by 2000K grains per day.
(6) The materials are successively issued until 100 days and this experiment ends when all orders are

completed.
(7) The ratio of HT depends on the production output probability in Table 2 but its mean is changed by normal

distribution.

Two indexes are utilized to evaluate the performance of different re-issued model. The first index is the rate
of re-issued requirement (RRR). The RRR is the total re-issued lots divided by total issued lots. The higher
RRR the worse the model is. The second index is the inventory level in the Bins (ILB). The higher ILB the

worse the model is.
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Some results of the simulation are shown in the follows:

(1) The GSQ model can get the lower RRR and the SQO model gets the higher RRR, as shown in Fig. 1 and
Table 5.

(2) The ILB is lowest for GSQ model in all Bins but the highest for the SQO, as shown in Fig. 2 and Table 6.

(3) The inventory of by-product, i.e., Bin 1 and 6, are higher than the inventory of other Bins for all re-issued
model, as shown in Fig. 2. However, the SQO model gets the highest inventory level of by-product.

(4) Although the ILB of SQLB model is lower than that of the SQO model in most Bins, the ILB in Bin #2
and #3 of SQLB model is much more than that of SQO model, as shown in Table 6.

Based on the preliminary simulation study, the GSO model gets better performance in both indexes, on the
contrary, the performances of the SQO model are worse in neither indexes. Although the SQO model is
simple and popular application, the GSO model is recommended to improve the order fulfillment performance
and inventory in the LED-CM plant.

Conclusions

The LED chip manufacturing (LED-CM) is an important process in the LED supply chain. The make-to-
order production strategy is a general production model for the LED-CM plants to satisfy the variety
requirement of their customers. Because the unstable production output of the LED-CM plants, the effective
order fulfillment is low and variety. Under the severely competitive pressure, the production planner will thus
confront the issue of material re-issued for an insufficient output of an MO. The purpose of this effort is to
meet the required due-date of this MO and to reduce the unnecessary inventory of by-product chips.
Therefore, a study of the material (EPI) re-issued model for an insufficient output of the LED chip
manufacturing plant is proposed in this paper. Three material re-issued models, i.e., SQO, SQLB and GSQ
etc, are proposed and detailed discussed first. A real-life LED-CM case is then utilized to demonstrate and
evaluate the application and effectiveness of these models. A simulation model is designed to complete the
further experiment. Based on the simulation study, although the SQO model is simple and popular application,
the GSO model is recommended to improve the order fulfillment performance and by-product inventory in the
LED-CM plant.

Grains
Rty 10000
e 5q0
18.00‘;’2 - 8000 [ —
o g AN ~S0LB

1900 100 =

can = 100 Z

o.00% ‘ T~ ‘ 0
SQO SQLB GSQ Fi

g. 1 The inventory level of Bins for

different re-issued models.

Binl Bin2 Bin3 Bind BinS Binb

Fig. 2 The re-issued ratio required
for different re-issued models.

Table 5. The inventory level of Bins for different re-issued models.

Inventory in Bins Bin #
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Grains [bj] 1 2 3 4 5 6
SQO 8266.15| 1766.6 | 370.35 | 108.8 | 1218.05 [3599.05
SQLB 6222.25|12087.35| 1407.25 | 120.7 | 729.35 |2006.85
GSQ 3382.25(2003.75| 860.2 254 288.15 | 1207.6

Table 6. The re-issued ratio required for different re-issued models.

Re-issued Models | Re-issued Ratio | Issued Lots | Re-issued Lots
SQO 16.93% 384 65
SQLB 4.92% 386 19
GSQ 0.00% 389 0

Acknowledgements

The authors would like to thank the National Science Council of the Republic of China, Taiwan for partially
supporting this research under Contract No. NSC 101-2221-E-216-016-.

References

[1]

(2]

[3]

[4]

[3]
[6]
[7]

[8]
[9]

Horng-Huei Wu, Ming-Feng Li and Tzu-Fang Hsu: An order fulfillment model for the LED chip
manufacturing plant, submitted to the 4™ International Conference on Manufacturing Science and
Engineering, Dalian, China (2013).

Horng-Huei Wu and Ming-Feng Li: A study of the order fulfillment and production model for the LED
die manufacturer, Proceeding of Chinese Institute of Industrial Engineers Confrence, Hsinchu, Taiwan
(2011). (in chinese)

Chen-Fu Chien, Jia-Nian Zheng and Chi-Wen Lee: Production planning and business optimize support
system in the LED industry, Proceeding of Chinese Institute of Industrial Engineers Confrence, Hsinchu,
Taiwan (2011). (in chinese)

H. Aytug, M. A. Lawley, K. M. Mckay, S. Mohan and R. Uzsoy: European Journal of Operational
Research Vol.161 (2005), p.86.

Satya S. Chakravorty: Omega, Vol. 29 (2001), p.335.

J. W. M. Bertrand and A. M. Van e Wakker: Production Planning & Control, Vol. 13 (2002), p. 639.

S. H. Chung, W.L, Pearn, A.H.I. Lee and W.T. Ke: Intational Journal of Production Research, Vol. 41
(2003), p.1765.

S. Fallah-Jamshidi, N. Karimi, M. Zandieh: Expert Systems with Applications, Vol. 38 (2011), p.13549.
Peter Purgstaller and Hubert Missbauer: International Journal Production Economics, Vol. 140 (2012),
p.670.

23



BB S BERAZR EIA T HREBRE2 NS R USHS

HHEA : 1028 A 1 H

YRS
=T SRR NSC 101 —2221 —E—216—016-
st BR i 58 & = HEAZ £ T (DBR)#? LED & #i 8458 B & F < SR L R XA R
=R eR Bl A faran B3
Ay | Mg | FERFERERER
R BB
EE 102/7/1~7/3 & New York Institute of Technology -Vancouver
R ] Campus
Hh 2
= (F3)2013 F2HEmERBEEEIRMTE
% (& 32) 2013 Global Business & International Management Conference
ELES (FX)LED A sliEmEaHE TEERNERNEBRA SR R
égjé (3 30)A Study of the shifting MO Model for an insufficient Output of the LED Die
=

Manufacturing Plant

—. ZNETEHLB
AT EZRIBEER A 2013 F 7/1-7/3, MBABNELRBNEE, 25 HREHEER. 176, B H
TE. HBHREE, RANBRERLELZEBEFERATEZER " A Study of the shifting MO Model for

24




. B Sl 2 A T
an insufficient Output of the LED Die Manufacturing Plant LED (&% 243i& g E H A :

oo =5 Z_\/EE% Ejﬁ*&
at P _‘mj ; I:tm'ﬁ‘g \TJT a %E,\ﬁ ;2 I 1 m@ /é %

I A$%_tz% -J-) ﬁ -J-A A / AE_FIEE B8 T_L E‘X_._njfﬂ:ﬁ %E, / tl: :%ﬁ?'&— $ =] i ) jtjj 7 ﬁm

J X =] o RJ =/~

Bk = A &

+AEEFHESE Eﬂz%:+%ﬂ%ﬁ2§%7%—&%,%%Eﬁﬁﬁakizgiiﬁ

1__ n E ’ N A% : 4= ? o ; o

Ik B RS2 B sk B PSRBT E . 73 B R BB M L — K, R TS

Z. BT A Study of the Shifting MO Model for an l ient. ) =

‘ HIEH: =i 5k 5 T T i SR 2 Ll g

3mmn¢méﬁﬁ%ﬂﬁmﬁmﬁ%@&ﬁ%ﬁ£ﬁﬁ,iaffiﬁig%;%§¢m
EEEEVEEGLIER, HRFBRONE BT IROBBERE AKKS BN

Horng-Hucj Wu, Professor of Chung Hua [initersity. Taiwan

RAE, Hung-Hsuan Wu. Student of Kwantlen Polytechnic University, Canada

=. %/gﬁéﬁgﬂléﬁ(ﬂ%la‘/@@ %Imﬁijl Graduate Student of Chung Hua University, Taiwan

M. #& ABSTRACT

fiii3 The LED die manifacteing (LED-DM) iy an imporiant process in the 7 P S

B o R T R ol Tt ix i ool madel for the LED-DM plants 1o Satishi the variety reguiremen af
. HEEHEERNE | | sihwprisien i
meir customers, Becayge the wnstable {’“C'(‘;ﬁfé{’eﬂeé“mafﬁtak’“‘ﬁ” planis, the effective oprder
iness; & International Manggeme - - -

Global BUSll'le_$ﬂ{ eI ati artell Unider the severely Competitive pressure, the production planer will ths
K. Hit confrons the isvue of an tnsufficient output of o manmfacturing order (M), Tao strategies that e
/N >~ " b ) s .
° material Fe-fssied gng shifting: ather MOy are generally wilized Especialiv, the shifting MO strategy iy
required when the mansfacineing lead-time is not enoigh ar die-date i tight. Therefore, a stirely of the

shifting MO model for an insufficient autput of the LED-DM plamt is proposed in this paper, The feasible
shifting MOy wre firs servened by some requirements in phiv model. Then three

priority rules are
proposed and detailed discussed 4 real-life LED-DM caxe is then utifized 1o g

ansivate and evalinate

the application and effectivenesy of thiv model. A siandleation and experiment moded i further designed 1o

compare the performance of these il Based an the simulation seudy, the LDI rule iy pog ammended o

tmprave the order filiilimen; Perfarmance and fv-produc imventory in the LED-DM plant

Keywards; Shifting mamifacturing prder MO stvategy, Expediting model, Rescheduling, Unstable
production ouipur, LED die maifactring

INTRODUCTION

The major processes of the LED industry compose of four paris: material substrate, upstream,
midstream and downstream (Wy & Li, 2011). Substraic is an important material to produce the Epitaxy
wafer (EPI). Two substrate miterials are Sapphire substrate and Silicon substrate, The manufaciuring
process of LED Die Manufacturing (LED-DM) plant is in the midstream. The production process of a
LED-DM plant not only complex but also unstable, and the quality of the LED dies will determine the
function of the subsequent applications (Chang ef af., 20|32, Scholand & Dillon, 2017, Therelore, the
LED-DM plants are important in the LED supply chain and the focus of this paper.

The make-to-order production Stmtegy 15 a general production model for the LED-DM plants w
satisfy the variety requirement of their customers, However, the special features of the unstable
production output and a product composed of the dies of different feasible Bins exist-in (he LER-DM
plant. The production Planner will confront the izsye of effective inventory control and exact due-date
perfommance under the severely competitive pressure. An order fulfillment model was therefore presented
by Wu er af. (2013a). However, an nsufficient output MO (I0M) s unavold due o the unstable
production process in the LED plant. A shortage will vecur for an IOM because its production outpul 15
less than the planed requirement this M. An expediting replenishment plan must be switched on by the
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planner to catch the insufficient requirement of this MO (Avtug ef al., 2005), Two allernatives are
generally utilized for the expediting replenishment plan. The first alternative | is to re-create a MO and
re-issue it to replenish the shortage quantity. And the second alternative is to select a shifling MO from
the WIP to replenish the shortage quantity. The determination of the expediting replenishment allernative
is by the remaining time before the due-date of the 10M. If the remaining time is still enough, the
alternative to re-issue a new MO is prefered. Otherwise, the aliernative to select a feasible shiftng MO
from the WIP is required. The purpose of this paper is to propose the models 1o select a shifling MO from
the WIP for order fulfillment to improve the due-date performance of the LED-DM plants.

The specilitity and order fulfillment issues of the LED-DM plants are first discussed in the second
section. The models of the selection shifting MO are then presented in the third section. A real-life
LED-DM case is also utilized to demonstrate and evaluate the application and effectivencss of the
proposed models.

ORDER FULFILLMENT ISSUES IN THE LED-DM PLANT

Although the order fulfillment process is generally in a make-to-order plantCroxton, 2003,
Kawtummachai & Hop, 2005, Parameshwaran ef al. 20011). this process in the LED-DM plant possesses
some special characteristic and featurcs,  Basically, the input material of LED-DM plant is EPT and the
final products are LED dies. The manufacturing process of LED-DM can be divided into two parts, Le.,
frontend process and backend process. The major purpose of the fromtend process is o manufaciure the
clectrical function into EPL And the functions of the backend process are die probing, cut and break. sort
(by diffcrent bins) and package. An EPI can be cut or broken into several or several ten thousands LED
dies depending on its size. Although the specifications of the LED die are several, such as structure, size,
clectrical functions, voltage or customized requirements etc., the major specification is the cleetrical
functions, i.¢., lightness and wavelength. And these two functions are only utilized as the product
specification of the MO in the following discuss. The notations utilized in this paper are as follows:

K: the total number of MO in the WIP.

&: the index of a MO, k=12 K.

F: the index of an 10M, F e {1,2, K}

I: The types of the product specification,

i The index of a product specification, i =1,2..1.

Il The lower hound light grade of product specification i i =1.2..1

Iti;: The upper bound light grade of product specification 7 4 =121

11 The maximum range of ligh grade,

i The index of light grade for a Bin, j=1.2.J.

by The die inventory in the Bin indexed with the j* grade light + j=1,2.1.
v;: The wial inventory of the feasible bins for product specification i+ { =121
M:The number of major work stations in the LED-DM plant,

C,.: The standard cycle time required in the m™ work station, m=1,2,.M.
H.,: The hot run evele tme required in the m™ work station, m=1.2,.M.
my: The work station where the K MO s processed . =1.2..K.

di: The required due-date of the £ MO, k=1.2_K.

ry: The required quantity of the " MO, =1.2.K.

g The gross required guantity of the £ MO, A=1.2.K,

e ——
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iz The issued quantity of the ¥* MO, &=1,2,. K.

5: The specification of the &% MO, k=1,2. K.

#q- The planned probability cutput of the jth bin for a product specification i, =1,2,.1, j =12, .
ey: The actual probability output of the jth bin for a product specification 4, =1,2,.1,j=1,2,.].

t;: The total planned probability output of the feasible bins for a product specification i, i=1,2..1.
a;: The total actual probability output of the feasible bins for a product specification i, i=1.2...1.
Trnow: Current date,

The Feasible Bins for a Product Specification

The major product specifications compose of lightness and wavelength. For example, for the yellow
light, the wavelength is between 584nm and 59%4nm and lightness is between 100med and 300med.
Therefore, bezides the color of the LED dies, the specification of order must further define clearly the
range of wavelength and lightness, For example, if users want more yellow and light LED dies, their
specifications of wavelength will be between 586nm and 588nm and lighiness between 200med and
250mcd. However, for the yellow LED dies, the wavelength of another user requirement will be between
388mm and 590nm and lightness between 150med and 200med.

In the LED-DM plant, a user product specification is then transferred to be feasible Bins, A Bin is
defined by the light grade and waveband. However, waveband is ignored in this paper to reduce the
complexity of Bin. The detailed Bins descriptions please refer Wu er al(2013a). The lightness of a color
LED die is divided into several light grades (i.e., ] grades) depending on the requirements of users. For
example, the yellow lightness is between 100med and 300med and is divided into 6 grades as shown in
Table 1. Therefore, the feasible Bins for a product specification 7 are defined as Eq.(1).

FB, ={b, h=j=lu}, =12, .1 (n

The shipment dies of an order are then based on the dies of these feasible Bins. For example, the
specifications of an order are yellow LED dies and its lightness is between 80med and 160med. Because
the quality of Bins must narrow than the specification of order. the feasible Bins for this order are light
grade 2-3 (i.e., #=2 and fu=3), as shown the shadow boxes in Table 1. Therefore, the inventory dies of
these feasible Bins for a product specification are as Eq.(2).

v,=Yb, 12,1 @

If the inventory dies of these feasible Bins are sufficient for this order, the shipment of this order is
fulfilled by these inventory dies. Otherwise, a production plan or MO of the 1* product specification will
be issued to produce for this order.

Table 1: An Example of Bin Definition for Yellow LED dies

Bin # Current Date: 10/1%
Light Grade / 1 2 3 4 ] ]
Lightness [med] 50-~100 | 100~150 | 150-200 | 200-250 | 250-300 | 300-350
Chips in Bin [=K grains) by 100 5 5 20 5 30

Production Qutput Distribution of Bins

Because the status of process stable or not in the frontend process will determine the electrical
distribution of those several thousand dies in an EPI. the electrical functions of the production output of
dies in an EPI will be gradient distribution, as shown in Figure 2. In other words, the electrical function of
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each die in an EPI is different. Therefore, these dies with non-identical electrical function are classified
into different Bins. Rasically, the different Rins distributions will be determined by the different process
parameter or EP1. Therefore, the different product specification identifications are provided by the R&D
or engineering department to get the optimal Bins distributions, as shown the example in Table 1. The

total planned probability output of these feasible bins for a product specification 7 is thus as Eq. (3).
i,

Ir|, =ZPI;):,:"-I.1~..] I:'E:I

=)
Wheit the inventory dies in the feasible Bins are insufficient for an order, a production plan or MO
of a feasible product specification 15 required. The gross required quantity of a MO & is first determined

by Eq. (4)

E, = — V.. 12K (4)
Then the production quantity of dies for this MO is determined by the g and l'_f__ . that is f—*

Finally, the issued quantity of wafers for a MO § is as Eq.(5)

g =2 =12 K (s)

£

Hit Target of a MO

Because the status of process stable or not in the frontend process will determing the electrical
distribution of those several thousand dies in an EPL, the actual distribution of the production output of
dies in an EPl will not be same as the planned, The total actual probability output of these feasible bins
for a product specification i 15 the sum of actual probability output (g, Jof cach feasible bin, as shown as
Eq. (6},

.l']rl
d, = ZEU ,=12, 1 (6)
A=t

The Hit Target (HT) for a MO is therefore the total actual probability output of these feasible bins
or the ratio of the actual production output dies which are in the feasible Bins. If the ratip is greater than
the value of t;, a higher HT is performed for this MO. The difference of the actual output and planned
output for a MO £ is as shown in Eq.{7).

IFJ, = {.F-.L -5 af‘ :])-C q, (7

Therefore, if [, 0, i.e., the HT of this MO & is greater than the planed, the planner will get too
much excess dies. However, if £ < 0, i.e., the HT of this MO £ is less than the planed, an IOM will oceur.
For an 10M, an expediting replenishment plan must be switched on by the planner to catch the
requirement of this MO, Two alternatives are generally utilized for the expediting replenishment plan:
Alrermative I: The planner will re-create a MO and re-issue i to replenish the shortage guaniiiv,
Altermative 2: The planner will select a shifting MQ jrom the WIP o replenish the shortage quantin,

The determination of an expediting replenishment alternative is by the remaining time (i.c., due date —
Tnow) before the due-date of the TOM. If the remaining time is still enough, the aliemative 1o re-issue a new
MO is prefered(Wu er af, 2013b). Otherwise, the altermative o select a shifting MO from the WIP is
required. The purpose of this paper is to propose the models to select a shifting MO from the WIP for the
second alternative o improve the due-date performance of order fulfillment of the LED-DM plants.

—— .
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MODEL FOR THE SELECTION OF OPTIMAL SHIFTING MO

Two major processes are required for the selection of the optimal shifting MO model. The first
process is the evaluatation of the feasible shifting MOs from the WIP. The second process is the
determination of the first priority shifting MO from these feasible shifting MOs.

The Evaluation of the Feasible MOs from WIP
Three criteria are required to filter the feasible MOs from WIP, That is, for a feasible shifting MO &,
k=1.2..K and k2F, for an IOM F | the following three criteria or equations must be satificd,
(1} Based on the same EPL. the feasible hins of the specifications of the shifting MO & must be overlapped
with that of the IOM. Let OB be the overlapped bins of MO k and 10M F, as shown in Eq. (8).
OB, =FB, nFB, #)

Therefore, the first criterion is that OB, # ¢ .

{2} The quantity of the overlapped bins of the shifting MO must be greater than the shortage quantity of
the 10M. That is, the second criterion is that Eq. (%) must be satified.

2Py >l ©)
JeEChE,
(3) The due date for this shifting MO is late enough to re-create a new MO and re-issue it Otherwise this
shifting MO will be late itself. Therefore, the third eriterion is that Eq. (10) must be satified.
W
d, » Tnow + Z i, {1
f=l
The feasible shifting MOs can be filtered through the above three creteria. Then the second process
for the selection of the optimal shifting MO model is to determine the priority shifting MO Afier ree
material re-issued models are proposed in th from these feasibe shifting MOs.

The Determination of the First Priority Shifting MO

Three priority rules for the selection of the optimal shifting MO maodel, i.c., Earliest due date MO
first (EDD), Latest due date MO first (LDD) and Smallest reguired quantity MO first (SRQ) cic., are
proposed and detailed discussed in the following, Let FM be the set of the feasible shifting MOs for an
IOM £ and 5 is the selected shifting MO,
(1} Earliest due date MO first (EDD): The optimal shifting MO is determined by the Eq. (11}

S=min {4, |k FM ) (11
A
(2} Latest due date MO first (LDD) : The optimal shifting MO is determined by the Eq. (12).
S =max !d,|ke FM |} (12)
&
(3) Smallest required quantity MO first (SRQ) - The optimal shifting MO is determined by the Eq. (13).
3=min {r, |k e FAM ] [13)
i
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A CASE OF A LED-DM PLANT

A LED-DM plant located in the Hsinchu Science Park of Tatwan is utilized to illustrate the above
models. The lightness specification is only considered in this case study. Six praduct specifications, ic..
A~F, are considered as shown in Table 2. The range of light grades and production output distribution for
each product specification are also shown in Table 2, The normal or hot run cyele time (CT) for different
station are shown in Table 3. Suppose today is 10/19 and there are 28 MOs (lots) in production. Table 4
shows the information of these MOs. MO #001-009 have completed the Probing process and the HT is
then known. The HT of other MOs are still unknown. For example, the HT quantity of MO #001 is 263K
and greater than the required quantity 250K. Therefore. this MO can be delivered on time. However, MO
#009 met some troubles, Its HT guantity is only 867K and less than the required quantity |000K.
Therefore MO #009 is an 10M and an expediting replenishment plan is required as soon as possible,
Considering the due date requirement, the remaining time for the MO #009 is not enough to re-issue a
new MO, Therefore, the selection of a shifting MO from the WIP is an inevitable alternative to delivery
the MO #009 on time. The required process to select a feasible shifting MO from the WIP is shown in
follows respectively.

Table 2: An Example of Product Specifications and Their Output Distribution,

1D of product specification [i] L'JL””’“" Feasible EPI— Uu;wt dl.:lnbuum uf_fm - muT;:Ll::aFurE:Eﬁm:]
A 2-3 X 15% | 30% | 30% | 15% | 5% A0.00%
B 34 Y 5% ]5'?*'1 0% | 30% | 15% | 3% GO0
C 4-5 £ 5% | 15% | 30% | 30% | 15% GO0,
B 24 X I 5% | 30% [ 30%4 | 15% ] 3% 7500
E 35 Y 3% | 15% | 30% [ 30% | 15% | 5% T3.00%
F dfr 7z 5% | 15% ] 30% [ 30% [ 15% 7500
Table 3: The Cycle Time for the Different Station of a LED-CM Plant, Unit: Dhays
Station Front process Cut Probing Sorter Qc Die Coum
Standard CT 16 2 1.5 1.5 | 2.5
Hot Run CT 11.50 1.40 1.05 1.10 0.70 1.75

The Evaluation of the Feasible MOs from WIP

Step 1: The EPI and specification of MO #009 (i.e.. 10M) is Z and C respectively. The feasible
shifiing MOs are #013, #014, #016, #019, #026, #027 and #0258 which can satisfy the first criterion, i.e.,
OB, =¢.

Step 2: The Quantity of HT of these feasible shifting MOs are 100, 400, 160, 600, 199, 559 and 130
respectively. Thercfore based on the criterion Eq.(7). The feasible shifting MOs are #014, #0186, #019,
#0216 and #027.

Step 3: The hot run CT reguires |8 days at least as shown in Table 3. Therefore, if the due date a
MO is not late than 1175, it will be late if its MO is re-create and re-issue today (10019}, Thercfore, based
on the Eq. (B), the feasible shifting MOs are then #019, #026 and #027.
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The Determination of the First Priority Shifting MO

The determination of the priority for the feasible shifiting MOs s dependent on the utilization of
pricrity rules, i.e.. EDD, LDD and SRO.

(1) EDD rule: Because the due date of the three feasible shifting MOs, j.e., # 019, #026 and #027
are 1177, 11712 and 11713, respectively, the sclected shifting MO for the 10M #009 is then the MO #019,

(2) LDD rule: Becausc the due date of the three feasible shifting MOs are 11/7, 11/12 and 11713,
respectively, the selected shifting MO for the [OM #009 is then the MO #027.

{3} SROQ} rule: Because the required quantity of the three feasible shifting MOs are 600K, 200K and
TOOK, respectively, the selected shifling MO for the IOM #009 is then the MO #026,

Table 4: Lot Information in Production

Current Date: 10019 Unit: = K grains
E; HocRun | Pod | Requied | bued | dsod [ o T Cumnr | Remaining | Remaig | DacDate | D0t pocabily P
: [YN] [Sme | Ow | Ow | due Stalion Doy [Sud] | Days{Hot run] | [Hot Run| [ :
@ N 8| 2 [a7 [ 102 [ Dicomt ! ? 2| [T TS
W N |E| a |58 (97 [02 [ DieCoum 1 ! 1021 T
03| N [ C ] a0 |50 % [ 02 | DieCoun 3 ] ] G
] N (Al [ |on| o 1 3 103 T T
M5 { N | B | 100 [M00[ 9% [ 0N | Sow 5 [ W] [ T
W | N [C| o [ um | oM | Somr i [ 0 o (et | T
W N Ja| % [50]00 [ 10% [ Pt 1 5 0 o Jesms [
W] N 1D w |53l | 0% P 1 5 1024 ET O T T
9] N [ € o0 [ 667 [ 100 [ 1005 | Probing 7 5 W | e [s2om ] m
o0 | N J A [ so0 [ w3 | i0n | o (e I b 103 000

o] K [ B [ sm [ wa | 03 | wn Car 9 b EG [T

02 ) N JE ] 60 | o0 [ 105 | 000 | Fremproess | 1l § 1027 TH00 =
03| N T 1o [l [ 05| 0% | Fowpoces | 1l § [T LI

Ol 8 T F ) 50 [o67 [ 007 | 00 |Fompmoe | 13 y [0 5.4

(05| N T E | w0 [ 138 [ 007 [ 00 {Fomeprocess | 13 [ 1028 T5.00%

s | K F | o 7 {107 | 161 | Front process 13 § L] T5 00

0i7 N i i 1167 | 107 11 | Fronl process 13 q {11 0%

Uk ] N T A m0 [oss] o] 07 |Foupees| 1 B 11 [

(09 | X 1 C | a0 [0 [0 ] 07 | Fompeces | W 3 111 L

| N [ o] ww |00 07 | Fowees | B 13 11 TE0HE,

] N T8 ] [ [w5| 19 | frepoes | 2 1§ 13 s

@] K |8 0 [0 [ 5| 0 | Froupmes | 2 I5 13 a0

B3] K [ E [ 200 ]2 | 003 ] 109 [ Frompeoces | 21 15 113 T ]
4l N [0 ] we | [ W | Fompoces || M 7 113 TN,

5] N [ Al s |85 [ 008 ] 000 | Fompmees | i 11§ I Ly
6| K ] C ) 200 |35 [ 0008 ] o | Foerprocess | M 17 18 08y

] N T Ff om0 [0 [ | R | Fomprees || » 17 115 5.0

Wl Y [C[ o [ o7 [0 ] W3 |Fooipowess | 5 i 1% 60,00

SIMULATION AND EXPERIMENTS

In order further to compare the performance of these three priority rules, the simulation experiments
are designed. The environments of experiment are as follows:
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{1} Six processes, i.c.. frontend, cut, probing, sorter, QC, and Die count ete., and their CT are as
shown in Table 3.

{2} Seven product specifications, i.e., A-G ete. and their production output distributions are shown
in Table 2

{3) The production specification of armiving order depends on uniform distribution,

{4) The required quantity of an arriving order depends on normal distribution and its mean is 600K
grains and standard deviation is 100K grains,

(5) The matenals of all armving orders are ssoed Grse come first in bat limated by 2000k grains per
day. =
() The materials are successively issued until 100 days and this experiment ends when all orders
ane completed.

{7) The ratio of HT depends on the production output probability in Table 2 but its mean is changed
by normal distribution,

Three indexes are utilized o evaluate the performance of these priority rules. The first index is the
ratie of requiring at least two shifting MOs (RRS), i.c., RRS=the number of MOs that require at least two
shifling MOs + the wtal MOs. The higher RRS the worse the rule is. The second index is the inventory
level in the Bins (ILB). The higher ILB the worse the model is. And the final index is the average cvele
time (ACT). The higer ACT the worse the rule is.

Some results of the simulation are shown in the follows:

(1) For RRS, the performance of LDD rule is the best one. The EDD rule and SRQ rule gets the
higher RRR and more 20% than that of LDD rule, as shown in Table 5.

(2) For ACT, the performance of SR rule is the worst one, The performances of both of EDD mule
and LI rule are better and almost alike, as shown in Table 6.

(3) The inventory of by-product, i.e., Bin #1 and #6, are higher than the inventory of other Bins for
all priority rules, as shown in Table 7. However, the EDD rule gets the highest inventory level of
by-product. And the performance of LDD rule and SRO rule have no significant difference.

Based on the preliminary simulation study, the LDD rule gets better performance in all indexes. On
the contrary, the performances of the SRO rule are worse in neither indexes.  Therefore, the LDD rule is
recommended to improve the order fulfillment performance and inventory in the LED-DM plant.

Table 5; The Ratio of MOs Which Requires at Least Twice Shifting MOs {RRS)

RS55
EDD rule 12.14%
SRQ rule 12.47%
LDDrule 10.10%

Table 6: Average Cyele Times (ACT) for Different Priority Rules

ACT (days)
EDD rule 32.63
SRO nle 31489
LDD rule 32.267

e e e
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‘Table 7: The Inventory Level in the Bins for Different Priority Rules

Dic pieces (x K) Gl G2 il Cid G5 G Total

EDD rule 4055.05 | 1682.05 168.05 113 T84.8 375155 | 145545

SRO nule 6943.75 1711.4 1260.8 130.9 234.6 1767.65 | 12049.]

LDD rule B487.15 998.2 739.3 223.25 649,05 1267.45 | 123644
CONCLUSIONS

The LED dic manufacturing (LED-DM) is an important process in the LED supply chain. The
make-to-order production strategy is a general production model for the LED-DM plants to satisly the
variety requirement of their customers. Because the unstable production output of the LED-DM plants,
the effective order fulfillment is low and variety. Under the severely competitive pressure, the production
planner will thus confront the issue of expediting replenishment for an insufficient output of an MO, Two
strategies, i.e., material re-issued and shifting other MO, arc generally utilized. Especially, the shifting
MO strategy is required when the manufacturing lead-time is not enough or due-date is tight. The purpose
of this effort is 1o meet the required due-date of this MO and 1o reduce the unnecessary inventory of
by-product dies,

Therefore, a sy of the shifling MO model for an insufTicient output of the LED die
manufacturing plant is proposed in this paper. The feasible MOs are first screened by some requirements
in this model. Then three priority rules for this model, i.c.. Earliest duc date MO first (EDID), Latest due
date MO first (LDD) and Smalles required quantity MO first (SROQ) ele.. are proposed and detailed
discussed. A real-life LED-DM case is then utilized to demonstrate and cviluate the application and
effectivencss of this model. A simulation and experiment model is further designed to compare the
performance of these rules. Based on the simulation study, the LDD model is recommended w improve
the order fulfillment performance and by-product inventory in the LED-DM plant.
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