
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2014/0249884 A1 

US 20140249884A1 

HONG et al. (43) Pub. Date: Sep. 4, 2014 

(54) SYSTEM FOR DYNAMIC INVENTORY ation of application No. 12/697,510, filed on Feb. 1, 
CONTROL 2010, now Pat. No. 8,364,512. 

(71) Applicant: TAIWAN SEMICONDUCTOR Publication Classification 
MANUFACTURING COMPANY., 
LTD., Hsinchu (TW) (51) Int. Cl. 

G06Q 10/06 (2006.01) 
(72) Inventors: Andy HONG, Hsinchu City (TW); (52) U.S. Cl. 

Edwin D. LIOU, Taipei City (TW); CPC ................................ G06O 10/06315 (2013.01) 
Chiapin WEN, Taipei (TW); Winston USPC ......................................................... T05/7.25 
TSAI, Hsin-chu (TW); Chih-Sheng 
SHIH, Jhubei City (TW) (57) ABSTRACT 

A production management system is configured to dynami 
(73) Assignee: TAIWAN SEMICONDUCTOR cally controlling inventory of a semiconductor product to 

MANUFACTURING COMPANY., prevent overstock and Stockout. The production management 
LTD., Hsinchu (TW) system includes a production planning module including 

components containing data of demand forecast, and cus 
(21) Appl. No.: 14/279,522 tomer order. The production management system further 

includes a dynamic inventory control module including a 
(22) Filed: May 16, 2014 dynamic inventory control simulation module and an inven 

tory management system, wherein the dynamic inventory 
Related U.S. Application Data control simulation module is configured to adjust a target 

(60) Division of application No. 13/728.703, filed on Dec. inventory if a current inventory is beyond a threshold multi 
27, 2012, now Pat. No. 8,751,277, which is a continu plied by the target inventory for M number of review cycles. 

300 

Production Management System 

Demand 
Forecast 

Dynamic Inventory Control Simulation 

Future Future 
Inventory Inventory Shipment 
Simulator Simulator Simulator 

(T) (FI) (FS) 

Target Wafer 
Start 

Simulator 
(WS) 

Production Planning Module 
313 314 

Product 
Technology 

(PT) 

Product 
Priority 
(PP) 

Dynamic Inventory Control Module 

Inventory Management 
System 

Production Simulator 
335 336 341 

Time 342 
Simulator 

(CT) 

  



US 2014/0249884 A1 Sep. 4, 2014 Sheet 1 of 12 

90 I 

S0 I 

Patent Application Publication 

  

  

  

  

  



US 2014/0249884 A1 Sep. 4, 2014 Sheet 2 of 12 Patent Application Publication 

KIOJUQAUI 

Z ?IH SSZ ?no [[nd JO UI II n?. 

|UuïW Jap?O SÕ| 

    

  



| 0:1 ||(LO) || (SAA)(SH) || (IH) || (L) 

US 2014/0249884 A1 Sep. 4, 2014 Sheet 3 of 12 

?onpOJ?.10npOJA 

?seo©JOH pupuu2OI 

Patent Application Publication 

  



US 2014/0249884 A1 Sep. 4, 2014 Sheet 4 of 12 Patent Application Publication 

  



Patent Application Publication 

S 

Sep. 4, 2014 Sheet 5 of 12 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

US 2014/0249884 A1 

O 



Patent Application Publication Sep. 4, 2014 Sheet 6 of 12 US 2014/0249884 A1 

Establish initial forecast of target inventory, wafer stars 
inventory, shipment, cycle time, upper inventory 511 

threshold and lower inventory threshold for a product 

Start manufacturing of the product 512 

Review and compare real inventory and target inventory N-513 

If real inventory 
exceeds the upper inventory threshold 

for a number of consecutive 
periods 

54 

Reduce the forecast of target inventory 

Adjust forecast of wafer start, inventory, shipment, 
cycle time, upper inventory threshold and liner 

inventory threshold 

End of product 
life cycle Finish 517 

YeS 

Fig. 5B 

  

  

  

  

      

  

    

    

  

  

  



Patent Application Publication Sep. 4, 2014 Sheet 7 of 12 US 2014/0249884 A1 

s 
CN ; , ) 

YN r 
N2 

-Hy Ne 
Y. 

E N e 
N 

(? N i 
N 

| N 
/ NS 

se 

44, SN 
N 

N 

N 

N 

O 

N 

N 

N 

f 

\ ZE 
t 



Patent Application Publication Sep. 4, 2014 Sheet 8 of 12 US 2014/0249884 A1 

610 

Establish initial forecast of target inventory, wafer start, 
inventory, shipment, cycle time, upper inventory 

threshold and low inventory threshold for a product 
61 

Start manufacturing of the produce 612 

Review and compare real inventory and target inventory 
data 613 

If real inventory 
exceed the lower inventory threshold 

over a number of review 
periods 

64 

No 

Yes 

Reduce forecast of cycle time and increase 615 
forecast of wafer start 

Adjust forecast of target inventory, inventory, W 
shipment, upper inventory threshold and lower 616 

inventory threshold 

End of 
product life cycle'? 

NO 
67 

Yes 

Fig. 6B 

  

  

    

    

  

    

  



US 2014/0249884 A1 Sep. 4, 2014 Sheet 9 of 12 Patent Application Publication 

I. IAA 0 IAANo.s,LAA 9AA SAA WAWA £AA ZAWA IAA Z|2ØXXI ZZZ|ZØFØZ Ø ø Ø ± Ø Ø Ø ø ŒTZTZ 

-------- - - - - ~~ 

OL 



Patent Application Publication Sep. 4, 2014 Sheet 10 of 12 US 2014/0249884 A1 

710 

Establish initial forecast of target inventory, wafer start, 
inventory, shipment, cycle time, upper inventory 711 

threshold, and lower inventory threshold for a product 

Start manufacturing of the product 72 

Review inventory forecast on a regular basis 713 

If inventory 
forecast < 0 of a future period 71.4 

Adjust cycle time and safer start as early as possible, 
but not earlier than a load time 

Adjust forecast of target inventory, inventory, 
shipment, upper inventory threshold and lower 

inventory threshold 

End of 
product life cycle? 717 

Yes 

Fig. 7B 

  

  

  

  

  

  

  



Patent Application Publication Sep. 4, 2014 Sheet 11 of 12 US 2014/0249884 A1 

700 

Establish initial forecast of target inventory, wafer start, 
inventory, shipment, cycle time, upper control 80 

threshold, and lower inventory threshold for a product 

Start manufacturing of the product 802 

Review real inventory, target inventory and simulated 
inventory on a period basis 803 

If inventory a 
control turning point has 

been reached? 
804 

Yes 

Modify production control parameters 

Adjust forecast of parameters affected by the 
modification at operation 805 

End of 
product life cycle? 807 

Yes 

Fig. 8 

  

  

  

  

  

    

  

  

  

  



US 2014/0249884 A1 Sep. 4, 2014 Sheet 12 of 12 Patent Application Publication 

6 ‘??? /~^ 006 

KeIds[GI 

JOS InD 

95 euO) S 

  

  

  

  

  
  

  

  



US 2014/0249884 A1 

SYSTEM FOR DYNAMIC INVENTORY 
CONTROL 

PRIORITY CLAIM 

0001. The present application is a divisional of U.S. appli 
cation Ser. No. 13/728,703, filed Dec. 27, 2013, which is a 
divisional of U.S. application Ser. No. 12/697,510, filed Feb. 
1, 2010, now U.S. Pat. No. 8.364,512, both of which are 
incorporated by reference herein in their entireties. 

FIELD 

0002 This application relates to supply chain manage 
ment and, more particularly, to inventory control. 

BACKGROUND 

0003. The prevalent usage of Internet for information 
gathering and sharing, social networking, and commerce 
have given users reasons to demand new computation and 
communication hardware with more memories and faster 
processing rates. The advancement of semiconductor manu 
facturing has lowered the cost of manufacturing semiconduc 
tor chips and makes such new hardware affordable to the 
majority of people all over the world. Examples of hardware 
that utilize such new semiconductor chips include computers, 
personal digital assistants (PDAs), mobile phones, global 
positioning systems (GPSs), etc. Further, with the lowering of 
manufacturing costs of semiconductor chips, the usage of 
semiconductor chips are increasing expanded in other fields 
and applications. For example, more and more components of 
automobiles and home appliances include semiconductor 
chips as controllers, sensors, displays, etc. With the expanded 
applications, processing capabilities, and/or storage capaci 
ties, the demand for semiconductor chips has greatly 
increased. At the same time, the chip design and product 
cycles of semiconductor chips have both shortened to meet 
the demand of end users. Semiconductor manufacturers also 
need to respond to the shortened cycles to bring products to 
the market in a timely manner. 
0004. The manufacturing of semiconductor chips involves 
Substrate processing to make devices and die packaging. 
Semiconductor Substrate processing involves film deposition, 
lithographical patterning, dopant implant, etching, planariza 
tion, cleaning, etc. Some semiconductor chips require 50 
lithographical layers or more to define and to connect devices. 
Therefore, the manufacturing of semiconductor chips from 
bare silicon Substrates to assembled and tested chips can take 
2-3 months. With instability in the global economy and con 
Sumers interests, managing the inventory of semiconductor 
chips is very challenging. Overstocking of semiconductor 
chips very costly. On the other hand, shortage of Stock (or 
stockout) can pose serious problems for customers. How to 
properly manage (or control) inventory to meet the demand is 
critical. 

SUMMARY 

0005 Broadly speaking, the embodiments of the present 
application fill the need of properly controlling product 
inventory of semiconductor chips by providing methods and 
systems of dynamic inventory control. The methods and sys 
tems timely modify parameters affecting inventory. The 
parameters may include target inventory, cycle time, wafer 
start, future inventory and future shipment. In addition, the 
methods and systems gather real-time customer demand fore 
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cast to assist in production planning and adjustment. Further, 
the methods and systems identify inventory control turning 
points dynamically to adjust production activities to prevent 
overstock and to prevent stockout, i.e., out of stock situations. 
0006. In one embodiment, a method of controlling inven 
tory of a product to prevent overstock is provided. The 
method includes an operation of establishing initial forecast 
of target inventory, wafer start, inventory, shipment, cycle 
time, upper inventory threshold, and lower inventory thresh 
old for a product. The method further includes an operation of 
reviewing and comparing real inventory and target inventory 
data on a periodic basis. The method also includes the opera 
tion of determining if real inventory exceeds the upper inven 
tory threshold for a number of consecutive review periods. If 
the answer is yes, the method includes reducing a forecast for 
target inventory, and proceeding to the operation of determin 
ing if an end of product life cycle has been reached. If the 
answer is no, proceeding to an operation of determining if the 
end of product life cycle has been reached. In addition, the 
method includes an operation of determining if an end of a 
product life cycle has been reached. If the end of the product 
life cycle has been reached, the operation is terminated. If the 
end of the product life cycle has not been reached, the method 
returns to the operation of reviewing and comparing real 
inventory and target inventory data. 
0007. In another embodiment, a method of controlling 
inventory of a product to prevent stockout is provided. The 
method includes an operation of establishing initial forecast 
of target inventory, wafer start, inventory, shipment, cycle 
time, upper inventory threshold, and lower inventory thresh 
old for a product. The method also includes the operation of 
reviewing and comparing real inventory and target inventory 
data on a periodic basis. The method further includes deter 
mining if real inventory is lower than the upper inventory 
threshold for a number of consecutive review periods. If the 
answer is yes, the method decreases cycle time and increases 
wafer start, and proceeds to an operation of determining if an 
end of a product life cycle has been reached. If the answer is 
no, the method proceeds to an operation of determining if the 
end of product life cycle has been reached. In addition, the 
method includes an operation of determining if the end of the 
product life cycle has been reached. If the end of the product 
life cycle has been reached, the operation is terminated. If the 
end of product life cycle has not been reached, the method 
returns to the operation of reviewing and comparing real 
inventory and target inventory data. 
0008. In yet another embodiment, a production manage 
ment system to dynamically control inventory of a semicon 
ductor product to prevent overstock and stockout is provided. 
The production management system includes a production 
planning module including components containing data of 
demand forecasts, and customer orders. The production man 
agement system also includes a dynamic inventory control 
module including a dynamic inventory control simulation 
module and an inventory management system. The inventory 
management system records real inventory data. The 
dynamic inventory control simulation module includes simu 
lators for target inventory, future inventory, future shipment, 
and semiconductor product production. 
0009. Other aspects and advantages of this disclosure will 
become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings, illus 
trating by way of example the principles disclosed by this 
application. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The present disclosure will be readily understood by 
the following detailed description in conjunction with the 
accompanying drawings, and like reference numerals desig 
nate like structural elements. 
0011 FIG. 1 is a high-level flow diagram of an exemplary 
process flow 100 of order and manufacturing of semiconduc 
tor chips. 
0012 FIG. 2 is a high-level functional block diagram of an 
information system of a chip provider, and an information 
system of a chip manufacturer, in accordance with one 
embodiment of this disclosure. 
0013 FIG. 3 is a high-level functional block diagram of a 
production management system, in accordance with one 
embodiment of this disclosure. 
0014 FIG. 4 is a graph of inventory and target inventory as 
a function of time, inaccordance with one embodiment of this 
disclosure. 
0015 FIG. 5A is a graph of inventory and shipment of a 
product with and without using the algorithm described above 
in Example I to correct the target inventory, in accordance 
with one embodiment of this disclosure. 
0016 FIG. 5B is a high-level process flow diagram of 
controlling product inventory, in accordance with one 
embodiment of this disclosure. 
0017 FIG. 6A is a graph of an inventory of a product with 
and without the utilization of the algorithm II described above 
to correct the target inventory, in accordance with one 
embodiment of this disclosure. 
0018 FIG. 6B is a high-level process flow diagram of 
managing product inventory using algorithm II, in accor 
dance with one embodiment of this disclosure. 
0019 FIG. 7A is a graph of an inventory of a product with 
and without the utilization of the algorithm III described 
above to correct the target inventory, in accordance with one 
embodiment of this disclosure. 
0020 FIG. 7B is a high-level process diagram flow of 
managing product inventory using algorithm III, in accor 
dance with one embodiment of this disclosure. 
0021 FIG. 8 is a high-level process flow diagram of man 
aging product inventory, in accordance with one embodiment 
of this disclosure. 
0022 FIG. 9 is an example of a special-purpose or gen 
eral-purpose computer for implementing a dynamic inven 
tory control system in accordance with at least one embodi 
ment of this disclosure. 

DETAILED DESCRIPTION 

0023. It is to be understood that the following disclosure 
provides many different embodiments, or examples, for 
implementing different features described in this disclosure. 
Specific examples of components and arrangements are 
described below to simplify the present disclosure. These are, 
of course, merely examples and are not intended to be limit 
ing. In addition, the present disclosure may repeat reference 
numerals and/or letters in the various examples. This repeti 
tion is for the purpose of simplicity and clarity and does not in 
itself dictate a relationship between the various embodiments 
and/or configurations discussed. 
0024 FIG. 1 shows an exemplary process flow 100 of 
order and manufacturing of semiconductor chips. The pro 
cess starts with hardware sellers 101, such as computer or cell 
phone manufacturers/sellers, ordering semiconductor chips, 
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Such as graphic chips, from a chip provider 102. In the 
example here, the chip provider is a fabless design company 
that relies on semiconductor foundry companies to make the 
graphic chips that the chip provider designs. Alternatively, an 
integrated device manufacturer (IDM) can also rely on semi 
conductor foundry companies to produce semiconductor 
chips. IDMs are chip providers that also have chip manufac 
turing capabilities. 
0025. After receiving orders of semiconductor chips from 
the hardware sellers, the chip provider then places chip orders 
with a chip manufacturer 103 (a semiconductor foundry com 
pany in this example) to make semiconductor chips. Based on 
the order(s), the chip manufacturer processes Substrates in a 
fabrication facility (or fab) 104 to make and test the devices as 
semiconductor chips. Chip manufacturing materials. Such as 
Substrates, chemicals, and processing equipment, need to 
ordered and prepared to allow the Substrate processing to take 
place. As mentioned above, many processing steps are 
involved in the making of the semiconductor devices on the 
Substrates (or wafer). For example, the number of processing 
steps can be 300 steps or more, and the number of lithographi 
cal layers (or patterning steps) can be 50, or more. To com 
plete the entire processing sequence in the fab can take a few 
months. 
0026. After substrate processing is completed, circuits on 
each die of the substrates are electrically tested to determine 
how many dies on the Substrates are usable (working dies). 
The substrates can be temporarily stored in a die bank before 
being shipped to an assembly facility 105. In the assembly 
facility, the semiconductor dies on the Substrates are sawed 
and working dies are packaged. After packaging, the pack 
aged dies undergo final tests to ensure that packaged dies are 
still functional. The packaging and final test performed at the 
assembly facility can take a few weeks. Afterwards, the fin 
ished chips are placed in storage before being shipped to the 
delivery location(s) specified by the chip provider. 
0027. As mentioned above, in order to produce semicon 
ductor chips, chip manufacturing materials, such as Sub 
strates, chemicals, etc., and chip processing equipment need 
to be ordered and prepared to allow the Substrate processing, 
packaging, and testing to occur. Over-supply of the chip 
manufacturing materials and over-capacities (or under-utili 
Zation) of the equipment are very costly, since Some of the 
materials and the equipment can be very expensive. For 
example, many types semiconductor manufacturing equip 
ment cost multiple millions of dollars each. In addition, if the 
demand forecast is not correct, the inventory of the semicon 
ductor chips can be too great or too small. Too much chip 
inventory is costly for the chip manufacturers. Too little chip 
inventory runs the risk of stockout, which results in not being 
able to meet demands of customers. 

0028 Managing the supply chain activities of semicon 
ductor manufacturing in order to take orders to transform 
materials (such as Substrates, chemicals, etc.) with the help of 
resources (such as equipment, people, etc.) into finished prod 
ucts (semiconductor chips), and then delivering these prod 
ucts to the customers becomes very crucial in reducing the 
cost of semiconductor manufacturing. Inventory control in 
the Supply chain management for manufacturing of semicon 
ductor chips is especially important due to the market fluc 
tuation and short development and product cycles of semi 
conductor chips. 
0029 FIG. 2 shows an information system 200 of a chip 
provider A, and an information system 250 of a chip manu 
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facturer B, in accordance with one embodiment of this dis 
closure. In this example, chip manufacturer B produces semi 
conductor chips for chip provider A; therefore, chip provider 
A is a customer of chip manufacturer B. The information 
system 200 of chip provider A manages demand forecast, 
order (or order placement), and inventory. In the example 
shown in FIG. 2, the demand information system 200 
includes modules managing demand forecast 201, order 
placement 203, and inventory 205. The demand forecast 
module 201 may contain information from upstream custom 
ers, historical sales data, and market research data. For 
example, if chip provider A has a brand new product, chip 
provider A might need to rely on market research data to 
determine how many such chips will be needed in the market. 
In another example, if chip provider A has a newer version of 
a product, chip provider A could utilize the sales data of the 
older version of the product to forecast how many chips will 
be needed. The demand forecast module 201 may also 
include a Sub-module 202 that handles demand change in 
response to Sudden (or unexpected) changes in the market. 
The order placement module 203 contains order information. 
The inventory module 205 contains inventory information of 
various types of semiconductor chips of the chip provider A. 
0030 The information system 250 of chip manufacturer B 

is used to manage orders, manufacturing planning, manufac 
turing, material planning, and inventory of chips manufac 
tured by chip manufacturer B. In the example in FIG. 2, 
system 250 has an order management module 251, a manu 
facturing planning system 253, a material management mod 
ule 254, a manufacturing information module 255, and an 
inventory module 257. The order management module 251 
records the amounts, the types, and the delivery dates of chips 
ordered by customers. The order information is fed to the 
manufacturing planning system 253, which determines the 
manufacturing schedule based on a number of factors, includ 
ing the fab capacity. In at least Some embodiments, the manu 
facturing capacity and Schedule of chip manufacture B also 
influence the order taking. For example, sometimes chip 
manufacture B may need to turn down certain orders due to 
lack of manufacturing capacity. 
0031. The manufacturing planning system 253 is coupled 
to a material management system 254, which manages the 
order and the Supply of materials needed to produce the chips. 
The manufacturing schedule is then communicated to the fab, 
which records its manufacturing information (or data) in 
manufacturing information module 255. The manufacturing 
data may be at any combination of substrate level, die level 
and packaged chip level. Once the manufacturing of the semi 
conductor chips is completed, the products are shipped to 
storage and the product information (such as types and 
amounts) is recorded in the inventory module 257. After 
wards, the products are delivered to the location(s) specified 
by chip provider A. Once the products are delivered to speci 
fied location(s), the delivery information (such as types and 
amount of chips and delivery dates) is recorded in the inven 
tory module 205 of chip provider A and the inventory module 
257 of chip manufacturer B. 
0032. In the example of FIG. 2, the two information sys 
tems, system 200 and system 250, are not linked and often the 
information is not shared in a timely manner. Due to the lack 
of or delay of information sharing, order management, manu 
facturing planning, and material planning become very diffi 
cult and inefficient, especially when the demand fluctuates 
significantly. Without proper planning, the fab utilization 
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may sometimes be too high so that some customer orders 
might be turned down. On the other hand, the fab utilization 
may sometimes be too low, which results in waste of 
resources. Due to market fluctuation, chip provider A could 
request a pull-in (earlier delivery) or a pull-out (delayed deliv 
ery) of orders. Such unexpected changes worsen the planning 
and management of resources for chip manufacturer B. 
0033. To meet the demand of customers, chip manufactur 
ers, such as manufacturer B, normally keep a buffer inventory 
of already-made products (semiconductor chips) in storage. 
As mentioned above, managing inventory level is important 
and challenging, since excess inventory is costly and low 
inventory could result in stockout (or out of stock). Currently, 
there are two well-known methods of planning inventory. 
One method is to plan inventory based on demand forecast. 
However, since customers are fearful of stock-out, they tend 
to order extra when the demand trends are up. Such buffer in 
ordering during periods of trending up can come from mul 
tiple customers and results in significant overstock at the chip 
manufacturer's storage facilities. Such overstock phenom 
enon during demand trending up periods is commonly called 
a bullwhip effect. 
0034. Another method of inventory planning is based on 
shipment. The method can also be called a demand-pull 
method. For this method, the inventory is kept to a constant 
level. If more products are shipped, more products are made 
to replenish the stock, and vice versa. Such inventory plan 
ning methods were very popular in the 1980s and were popu 
larized by Toyota Motor. However, such methods work well 
in a stable market but do not work well in a market with 
frequent and significant fluctuations. When the demand fluc 
tuates often and by significant amounts, the inventory can 
easily run out. In addition, semiconductor chip manufactur 
ing has long lead-times. This method does not work well with 
products with long lead-times. 
0035) To avoid the problems associated with overstock 
and stock-out described above, it is desirable to have an 
integrated Supply chain with a dynamic inventory control 
algorithm that can respond to the changes in order and 
demand forecast effectively. If the demand forecast and 
inventory information of customers (chip providers) are 
known to the chip manufacturers (especially in real time), the 
chip manufacturers can more effectively plan and respond to 
fluctuations in the market. In addition, a dynamic inventory 
control method that can respond to fluctuation in shipment 
and forecast would help to minimize the impact of the fluc 
tuation. 
0036 FIG. 3 shows production management system 300, 
in accordance with one embodiment of this disclosure. The 
production management system 300 is used to manage the 
production of semiconductor chips produced by a chip manu 
facturer, such as chip manufacturer B described above. The 
production management system 300 includes a production 
planning module 310 and a dynamic inventory control mod 
ule 320. In the example of FIG. 3, the production planning 
module 310 includes a demand forecast component 311, 
which may store demand forecast data from customers, the 
sales data of the customers, the inventory data from the cus 
tomers, the shipping histories of various products of the chip 
manufacturer, and market research data of semiconductor 
chips. The forecast component 311 is configured to calculate 
and estimate the demand curve based on the information 
collected in the system. If the customers’ sales data, demand 
forecast and inventory data are included, the forecast demand 
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component 311 can more accurately calculate and estimate 
the demand curve. Further, if the customers’ data were fed to 
the demand forecast in real time or with little delay, the 
demand prediction would be even more accurate. The ship 
ping histories of products are useful in providing seasonal 
demand trends in products. Market research data are useful in 
predicting overall market trend and for predicting demands 
for new products. 
0037 Module 310 also includes an order component 312, 
which stores order information. Product order directly affects 
production, inventory and shipment. Further, module 310 
includes a fab capacity component 313, which includes infor 
mation related to the manufacturing capacity and types of 
products manufactured in the fab(s). Manufacturing fab(s) of 
a chip manufacturer often needs to make different types of 
chips for multiple customers. A piece of manufacturing 
equipment can be used to process different products. The 
availability of production equipments affects production 
schedule and planning. Module 310 may further include a 
product technology component 314. Different types of semi 
conductor chips use different photolithography masks, and 
may require different numbers of lithographical layers. Fur 
ther, different products (types of chips) may use different 
process flows, and are under different process technology 
nodes. For example, some chips utilize 65 nm technology, 
while others might use 40 nm technology. Different process 
technology nodes could use different processes and equip 
ment in some process steps. Sometimes, Substrate sizes can 
be different, such as 8 inches versus 12 inches. In addition, 
module 310 may include a product priority component 315. 
The semiconductor foundry fabrication facility receives 
orders for a variety of products. In one embodiment, some 
products are marked to have different production priorities 
from others. Such priority information is stored in the product 
priority component 315. 
0038. The production planning module 310 is coupled to 
(or connected to) the dynamic inventory control module 320. 
The dynamic inventory control system 320 has an inventory 
management system 340, which stores inventory and ship 
ment data. In the example shown in FIG. 3, the inventory 
management system 340 has a shipment information compo 
nent 341 an inventory information component 342. The data 
in components 341 and 342 are real shipment and inventory 
data, not simulated data. The inventory and shipping data may 
be current, historical and predictive (future targeted). The 
inventory control system 320 further includes a dynamic 
inventory control simulation module 330, which perform 
simulations based on real time information, historical trends 
and market research information. The simulation module 330 
is capable of dynamically simulating and predicting a number 
of parameters in response to real time data and real time 
changes. The simulation module 330 simulates the number of 
parameters for the next few days, next few weeks, next few 
months, and next few years (until the end of product life 
cycle). 
0039. In one embodiment, the dynamic inventory control 
simulation module 330 includes an inventory target simulator 
331, which simulates ideal inventory target based on a num 
ber of parameters. The inventory of semiconductor chips is 
typically reviewed on a regular basis by the manufacturer, 
Such as daily, every few days, weekly, every few weeks, 
monthly, etc. In one embodiment, target inventory at the next 
review period (T,) is expressed as equation (1): 

T1=IT+AT, (1) 

Sep. 4, 2014 

Where 'i' is a particular review period, and i+1 is the next 
review period after review period “i'. IT is the initial target 
inventory. IT can be a function of time or a constant. In one 
embodiment, IT can be set based on a number of parameters, 
such as initial order (IO), historical trend (HT), seasonal 
effect (SE), etc. These relationships are expressed as equation 
(2): 

IT, f(IO, HS, SE,...) (2) 

AT is determined by a number of parameters, such as target 
inventory (T), current inventory (I), future (or simulated) 
inventory (FI), and future (or simulated) shipment (FS). 
Future inventory (FI) can also be called forecast demand 
(FCST). 

AT f(T, I., FI, FS, ...) (3) 

0040. The dynamic inventory control simulation module 
330 also includes a future inventory (FI) simulator 332, which 
simulates future inventory based on real inventory (I), wafer 
start (WS), and future shipment (FS, based on forecast). In 
one embodiment, FI can be expressed as equation (4). 

FI 

99 
1 I, is the real inventory (not simulated) of review period 

WS, describes how working chips can be produced by a 
number of wafers being started (or being added to the pro 
cessing line) at review period “i'. In one embodiment, WS, is 
calculated by the number of wafers started per period (num 
ber of wafers being put into process line) multiplying the 
number of dies on a wafer (or Substrate), and multiplying a 
fraction of usable chips out of the number of dies on the wafer. 
WS is determined by a number of parameters, such as target 
inventory (T), real inventory (I), future inventory (FI), future 
shipment (FS), etc. 

WS, f(T, I., FI, FS, ...) (5) 

Future shipment (FS) can be determined by a number of 
parameters. Such as historical trend (H), seasonal effect (SE), 
target inventory (T), current inventory (I), future inventory 
(FI), future shipment (FS), etc., as shown in equation (6) 
below. 

FS, f(H., SE, T, I., FI, FS, ...) (6) 

0041. Simulation module 330 further includes a future 
shipment simulator 333, which simulates future shipment 
based on a number of parameters, described in equation (6) 
above. In addition, the simulation module 330 includes a 
production simulator 334, which includes a wafer start (WS) 
simulator 335 and a cycle time (CT) simulator 336, in accor 
dance with one embodiment of this disclosure. The relation 
ship between wafer start (WS) and a number of parameters 
that affect WS has been shown above in equation (5). Cycle 
time describes how much time it takes to produce the chips. 
Since different types of chips require different process 
sequences and different lithographic masks, the cycle time of 
a product is often measured in numbers of days to finish a 
layer (dayS/layer). Each product has a cycle time, which is 
estimated by dividing the number of days to finish the product 
by the number of lithographic layers. For example, if a prod 
uct takes 90 days to complete and there are 60 lithographical 
layers, the cycle time of this product is 1.5 days/layer. In one 
embodiment, cycle time (CT) can be expressed as equation 
(7). 

CT=CT+ACT, (7) 



US 2014/0249884 A1 

Where CT is the initial fab cycle time. CT is affected by a 
number of parameters, such as Product Technology (PT), 
Product Priority (PP), and Fab capacity (FC). 

CT=f(PT, PP, FC) (8) 

ACT is affected by a number of parameters, such as target 
inventory (T), real inventory (I), future (or simulated) inven 
tory (FI), future (or simulated) shipment (FS), etc., as shown 
in equation (9) below. 

ACT, f(T, I, FI, FS, CTo...) (9) 

0042. The various simulators in the dynamic inventory 
control simulation module 330 uses the information in mod 
ule 310 and in the inventory management system 340 to 
predict the ideal target inventory, future inventory, future 
shipments, wafer starts, and cycle times to assist the produc 
tion of semiconductor chips. 
0043. As mentioned above, the important task of the 
dynamic inventory control simulation module 330 is to antici 
pate and to respond to upcoming, Sudden, or immediate 
changes (unexpected changes) in demand. If there are 
changes in demand, there needs to be an algorithm to deter 
mine if Such changes are significant enough to warrant pro 
duction change. Typically the target inventory includes a 
buffer inventory to prevent stock becoming too low. FIG. 4 
shows a diagram 400 of inventory and target inventory as a 
function of time, in accordance with one embodiment of this 
disclosure. The Y-axis of the diagram 400 is inventory and the 
X-axis is time. In diagram 400, T. corresponds to the end 
time of a product cycle. There are 4 curves in FIG. 4. Curve 
401 represents the target inventory, which starts at T (initial 
inventory target). The area under curve 401 is divided into 
three Zones. Zone1 is defined by curve 402 and Zero inventory 
(Y=0). Zone 1 is a region in which the inventory is considered 
to be low. If the inventory falls into this low region, there is a 
great risk of stockout. Zone 2 is defined between curve 402 
and 403 and is considered a safe Zone. The inventory is not too 
high and not too low. Zone3 is defined between curve 403 and 
target inventory (401). Inventory in this region is relatively 
high. As we have discussed above, there is a cost associated 
with having a relatively high inventory. The ideal situation is 
to have the real inventory fall back into Zone 2. 
0044 Curve 405 of FIG. 4 is the real inventory. As we can 
see from FIG.4, the real inventory of this product falls mostly 
in Zone 2, with an exception at t. At t the inventory 
(curve 405) crosses curve 403, and the real inventory almost 
goes into Zone 3. In this case, there is no need to change the 
target inventory or production plan. However, another real 
inventory curve 405" was in Zone 2 only before t. Aftert 
the inventory continues to go up, possibly due to a reduction 
in market demand. At t, curve 405 is even higher (exceed 
ing) the target inventory. With the weak demand of the market 
and also without proper correction, the inventory (cure 405') 
continues to stay high, which results in a large amount of 
inventory (I) at the end of product life cycle (at T). 
0045. When curve 405' crosses curve 403 to move into 
Zone 3 for a period, the production plan and inventory target 
should be altered to avoid the excess inventory situation we 
described above. Similarly, if the inventory falls too low to an 
extent that signals a risk of stock out, the production plan and 
inventory target should also be modified. Therefore, it is 
important to establish an algorithm that identifies an inven 
tory control turning point. When an inventory control turning 
point has been reached, or meets the criteria to make produc 
tion planning modification, the simulators determine the 
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types and amount of changes needed. The simulators make 
the best and appropriate adjustment based on the data in the 
system, instead of over-reacting as occurs without a proper 
calculation. 

Algorithm I 

0046 Algorithm I is used to determine an inventory con 
trol turning point of too much inventory, in accordance with 
one embodiment of this disclosure. 

0047. If I>CUT, over M number of review cycles, i, i+1, 
i+2, ... i--M-1 
0048 Lower future inventory target T, T1, T2, 

where CU, is an upper control (or threshold) fraction (a num 
berless than 1), and T, is the current inventory target at current 
time (t). CUT, is an upper inventory threshold signaling 
high inventory. If the real inventory data are greater than the 
defined upper threshold(s) of inventory over an extended 
period. Such as M review cycles, then the target inventory is 
lowered to prevent high inventory. As mentioned above, 
wafer start (WS), cycle time (CT), future shipment (FS), and 
future inventory (FI) can all be affected by changes in target 
inventory (T). M can be any integer and represents the number 
of review cycles that triggers the target inventory change (or 
signals reaching an inventory control turning point). The cri 
teria for reaching an inventory control turning point are estab 
lished to be high inventory(ies) (over threshold CU.T.) over 
a number of (M) review cycles. Once criteria for the inventory 
control turning point are met, the inventory target for the next 
review cycle and future review cycles, such as T, T1, 
T. . . . . are lowered. CU (upper control fraction) can be 
a constant or can vary with the review period. 
0049. In one embodiment, the T. T., and T. 
are adjusted according to the equations below: 

: T. MTM-R, TM-1, 

: T. M. T.M. 1-R, TM-1: 

: TM-2TM2-R. T. M-1, 

Where R is a reduction ratio (<1). R*T 1 represents the 
amount of target inventory to be reduced at T. Alterna 
tively, the T, T1, and T2 are adjusted according to 
the equations below: 

: T. MTM-R, TM-1, 

: T. M. T.M. 1-R, TM, 

R, can be a constant or can change based on a number of 
parameters, such as the value of inventory target and time 
(review period, time of year, . . . ), etc. 
0050. In one embodiment, the number of cycles (M) with 
high inventory(ies) are defined based on a number of factors, 
Such as the amount of high inventory, the requirement of 
business, the type of chip, historical trend, etc. M could be 
one, two, or more review cycles. Further, the target inventory 
are lowered for a number of review cycles (such as in cycles, 
where n is an integer) or for all future cycles. 

EXAMPLE I 

0051 One example of applying algorithm is described 
below. In this example, the initial target inventory is set to be 
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To which is a constant. The algorithm for reaching inventory 
control turning point is shown below. 
0052. When I2(2/3)T, for 3 review period (t, t+1, t+2), 
0053 Set T=T-(1/3)T i--23 

Tis Tis-(1/3)T2, 

Once the inventory control turning point is reached, all future 
target inventories are adjusted. In this example, the CU is 2/3 
and R, is 1/3. As described above, once the target inventory is 
adjusted, other simulated parameters are also adjusted. 
Adjusting the wafer start and cycle time will take a while to 
affect the inventory, since there is a lead-time in wafer and 
chip production. However, other parameters, such as future 
shipment and future inventory, can be adjusted immediately. 
0054 FIG. 5A shows a diagram of inventory and shipment 
of a product with and without using the algorithm described 
above in Example I to correct the target inventory, in accor 
dance with one embodiment of this disclosure. The double 
dotted curve 501 is the inventory curve without utilizing the 
inventory target correction algorithm. Without the correction, 
the inventory eventually goes out of control and exceeds the 
target inventory. In contrast, the solid curve 502 employs the 
correction algorithm. In the example shown in FIG. 5A, the 
target inventory is adjusted after inventory exceeds the upper 
inventory threshold for three consecutive review periods, 
W05, W06, and W07. After three weeks of high inventory, the 
target inventory is adjusted to be lower for W07, W08, and 
beyond. In the example in FIG.5A, the shipment is reduced 
significantly in W08 and beyond. The lowering of the target 
inventory of W07 and beyond helps to bring the inventory 
back to the ideal Zone of operation (middle Zone between the 
upper inventory threshold TH and lower inventory threshold 
TH). Note that the shipment in FIG. 5A is at a different scale 
in comparison to the inventory. 
0055 FIG. 5B shows a process flow 510 of controlling 
product inventory of a semiconductor chip, in accordance 
with one embodiment of this disclosure. At operation 511, the 
initial forecast for target inventory, wafer start, shipment, 
inventory, cycle time, upper inventory threshold and lower 
inventory threshold is established for a product (a particular 
type of semiconductor chip). In one embodiment, the initial 
forecast is established for the entire product cycle. In another 
embodiment, the initial forecast is established for a period 
(not an entire product cycle). As described above, the initial 
forecast could be based on customer orders, customer fore 
cast, shipping forecast, inventory forecast, current inventory, 
historical product data, and/or market research information. 
At operation 512, the manufacturing of the product is started. 
Alternatively, operation 512 can occur before operation 511. 
At operation 513, the actual inventory and target inventory 
data of the current period and the historical periods are 
reviewed and compared on a periodic basis. At operation 514, 
a decision is made regarding if the actual (or real) inventory 
exceeds an upper inventory threshold for a number of con 
secutive review periods. If the answer is yes, the operation 
proceeds to operation 515. At operation 515, the forecast of 
target inventory is reduced (or lowered). Examples of how the 
forecasts of target inventory can be adjusted are shown above. 
At the next operation 516, the forecast of wafer starts, inven 
tory, shipment, cycle time, upper inventory threshold and 
lower inventory threshold is adjusted based on the forecast of 
target inventory arrived (or calculated) at operation 514. After 
operation 516 and at operation 517, it is decided if the end of 

Sep. 4, 2014 

product life cycle (or end of production) has been reached. If 
the answer is “yes”, the process flow is completed. If the 
answer is “no”, process flow returns to operation 513 to 
review and compare real inventory and target inventory data 
at the next review period. In addition, if the answer at opera 
tion 514 is “no', the operation proceeds to operation 517. 

Algorithm II 
0056 Algorithm II is used to determine an inventory con 
trol turning point corresponding to too little inventory, in 
accordance with one embodiment of this disclosure. 
0057. If I <CL*T, over O review periods, i, i+1, i+2, ... 
i+O-1 
0058 Decrease future cycle time CT, CT, CT, 

2. . . . . and 
0059. Increase future wafer start WSWS, WS 
O--2, . 

where CL, is a lower control (or threshold) fraction (a number 
less than 1), and T, is the current inventory target at current 
time (t). CLT, is a lower inventory threshold signaling low 
inventory. If the real inventory data are greater than the 
defined lower threshold(s) of inventory over a number of 
periods. Such as O review periods, then the cycle time needs 
to be reduced and wafer start needs to be increased to raise the 
production rate. As mentioned above in equation (4), wafer 
start (WS) and cycle time can affect future inventory (FI). O 
can be any integer and represents the number of review cycles 
that signal reaching an inventory control turning point. Since 
running out of stock (or stockout) is highly undesirable, O is 
a small integer number. In one embodiment, O is Smaller than 
M. 

EXAMPLE II 

0060. One example is described below. The algorithm for 
determining an inventory control turning point is shown 
below. 
0061. When I,<(1/3)T, for one review period (i), 
I0062 Set CT-CT-F, *CT and 

where F is a cycle time fraction (a less than 1 number that 
is related to cycle time) and CT product is the cycle time of the 
product. The cycle time of the product can be shortened by 
running hot lots (cassettes of Substrates identified to have 
processing priority compared to other lots). FCT is a number 
signaling how much a cycle time can be shortened as 
described in equation (10) below. 

Processing time for regular lots. Processing time for 
hot lots=1+F (10) 

0063. By running hot lots, the cycle time can be shorted by 
F, CT. The inventory can also be increased by 
increasing wafer starts. For example, F can be 0.2,0.3, or 
other less than 1 numbers. As shown above, the wafer start (or 
the number of wafers being started in a particular period) can 
be increased by a buffer amount (BTi). Extra wafers are 
started to ensure Sufficient inventory and to prevent stockout. 
B is a positive number that is less than 1. 
0064 FIG. 6A shows an example of an inventory of a 
product with and without the utilization of the algorithm II 
described above to correct the target inventory. The dotted 
curve 601 is the inventory curve without utilizing the inven 
tory target correction algorithm. Without the correction, the 
inventory ran out of stock. In contrast, the solid curve 602 
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employs the correction algorithm (algorithm II). In the 
example shown here, the inventory target is adjusted after the 
inventory falls below the lower threshold of inventory control 
(TH) at W8. The cycle time and wafer start are adjusted 
immediately without delay. The shipment is relatively higher 
in W8, W9 and W10. The decrease in cycle time and the 
increase in wafer start help to bring the inventory eventually 
back to the safe middle Zone of between Th, (upper threshold) 
and Th, (lower threshold) of inventory. Note that the shipment 
in FIG. 6A is at a different scale in comparison to the inven 
tory. 
0065 FIG. 6B shows a process flow 610 of managing 
product inventory using algorithm II, in accordance with one 
embodiment of this disclosure. At operation 611, the initial 
forecast for target inventory, wafer starts, shipment, inven 
tory, cycle time, upper inventory threshold and lower inven 
tory threshold are established for a product (a particular type 
of semiconductor chip). At operation 612, the manufacturing 
of the product is started. Alternatively, operation 611 can 
occur after operation 612. At operation 613, the actual inven 
tory and target inventory data of the current period and the 
historical periods are reviewed and compared on a periodic 
basis. At operation 614, a decision is made regarding if the 
actual (or real) inventory falls below a lower inventory thresh 
old for a number of consecutive review periods. If the answer 
is yes, the operation proceeds to operation 615. At operation 
615, the forecast of cycle time is reduced and the forecast 
wafer start is increased. At the next operation 616, the forecast 
of target inventory, inventory, shipment, upper inventory 
threshold and lower inventory threshold are adjusted based on 
the forecast of cycle time and wafer start times(or calculated) 
at operation 615. After operation 616 and at operation 617, a 
decision of if the end of product life cycle (or end of produc 
tion) has been reached or not is made. If the answer is “yes”. 
the process flow is completed. If the answer is “no”, process 
flow returns to operation 613 to review and compare real 
inventory and target inventory data at the next review period. 
In addition, if the answer at operation 614 is 'no', the opera 
tion proceeds to operation 617. 

Algorithm III 
0066 Algorithm III is used to determine an inventory con 

trol turning point for too little inventory. 
(0067. If I-0 for any period in the future G is a review 
period in the future) 
0068 Decrease CT-leadtime CT-leadine-Fict'CTproduce 
and 

I0069. Increase WS WS-1,+B*T, if pos 
sible, otherwise, 
0070 decrease CT and increaseWS at the earliest possible 
cycle. 
where CT is the cycle time at period (j-leadtime) and 
WS is the wafer start at period (j-leadtime). When the 
inventory forecast (simulated) is less than 0, the wafer start 
needs to be increased and the cycle time needs to be shortened 
to prevent this from happening or to keep the risk to a mini 
mum. Typically, there is a lead-time for semiconductor chip 
manufacturing. Depending on the products, the complexity of 
the manufacturing process, and the fab capacity, the lead-time 
for a product can range from a few weeks to a few months. If 
based on the inventory simulation, the future inventory of one 
or more periods are less than Zero (stockout), the cycle time 
needs to be reduced and the wafer starts need to be increased 
possibly a lead-time before the simulated stockout period. As 
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shown above, the wafer starts can be increased by the amount 
of deficit in the inventory (-I, is a positive value). In addition, 
a buffer amount (BT, where B is a fraction) can be added to 
ensure sufficient inventory. The amount S-I, is added to the 
wafer start because is likely that the situation is caused by a 
spike due to earlier shipping. 
0071 Since there is a lead-time for manufacturing, the 
cycle time and wafer start could be corrected a lead-time 
ahead of the time (i) that has stockout problem. However, 
sometimes, when the time 'i' is identified to have a stockout 
problem, the time between now and time 'i' is already less 
than the lead-time for the product. When this happens, the 
cycle time and the wafer time need to be adjusted as early as 
possible. Once the cycle time and wafer start are adjusted, the 
simulation can be used to see if the stockout at period “i’ can 
be avoided or the amount of stockout be minimized. To bring 
the stock back, hot lots (with short cycle time) and increased 
wafer starts might need to be applied for a number of periods. 
If the inventory is adjusted to be greater than 0, but less than 
the lower threshold of the target inventory, the algorithm 
described in FIGS. 6A-6C should be used until the inventory 
is in the “safe' Zone (Zone 2). 

EXAMPLE III 

0072. One example of algorithm III is described below. 
The algorithm for reaching inventory control turning point is 
shown below. 

(0073. When I-0 for one future review period (j), 
0074 CT, =CT -0.2*CT and j-4 weeks j-4 weeks product 

(0075 WS =WS-1,+1/3*T, if possible, 
otherwise, decrease CT and increase WS at the earli 
est possible cycle. 

where F is 0.2 and the lead-time is 4 weeks. B in this 
example is 1/3. 
0076 FIG. 7A shows an example of an inventory level of 
a product with and without the utilization of the algorithm III 
described above to correct the target inventory. The dotted 
curve 701 is the inventory curve without utilizing the inven 
tory target correction algorithm. Without the correction, the 
inventory ran out of stock. In contrast, the solid curve 702 
employs the correction algorithm (algorithm II). In the 
example shown here, the inventory forecast indicates that 
future inventory will fall below zero at W8 due to a sudden 
change in shipment forecast. This was found out after W3. 
The cycle time and wafer start are adjusted immediately 
without delay at W4. The adjustment avoided stockout. The 
decrease in cycle time and increase in wafer starts help to 
bring the inventory eventually back to the safe middle Zone of 
between Th (upper threshold) and Th (lower threshold) of 
inventory. Note that the shipment in FIG. 7A is at a different 
scale in comparison to the inventory. 
(0077 FIG. 7B shows a process flow 710 of managing 
product inventory using algorithm III, in accordance with one 
embodiment of this disclosure. At operation 711, the initial 
forecast for target inventory, wafer starts, shipment, inven 
tory, cycle time, upper inventory threshold and lower inven 
tory threshold are established for a product (a particular type 
of semiconductor chip). At operation 712, the manufacturing 
of the product is started. Alternatively, operation 711 can 
occur after operation 712. At operation 713, the forecast of 
inventory data is reviewed on a periodic basis. At operation 
714, a decision is made regarding if future inventory of an 
upcoming period falls below zero. If the answer is yes, the 
operation proceeds to operation 715. At operation 715, the 
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cycle time is reduced and the wafer starts are increased start 
ing at a period as early as possible and less than a lead-time 
from the identified period (the period the inventory forecast 
falls below zero). At next operation 716, the forecast of target 
inventory, inventory, shipment, upper inventory threshold and 
lower inventory threshold are adjusted based on the forecast 
of cycle time and wafer start times (or calculated) at operation 
715. After operation 716 and at operation 717, a decision of if 
the end of product life cycle (or end of production) has been 
reached or not is made. If the answer is “yes”, the process flow 
is completed. If the answer is “no', process flow returns to 
operation 713 to review and compare real inventory and target 
inventory data at the next review period. In addition, if the 
answer at operation 714 is 'no', the operation proceeds to 
operation 717. 
0078 FIG. 8 shows a process flow 800 of managing prod 
uct inventory using inventory control algorithms (such as 
algorithms I, II, III mentioned above), in accordance with one 
embodiment of this disclosure. At operation 801, the initial 
forecast for target inventory, wafer starts, shipment, inven 
tory, cycle time, upper inventory threshold and lower inven 
tory threshold are established for a product (a particular type 
of semiconductor chip). At operation 802, the manufacturing 
of the product is started. Alternatively, operation 801 can 
occur after operation 802. At operation 803, the forecast of 
inventory data is reviewed on a periodic basis. At operation 
804, a decision is made regarding if an inventory control 
turning point has been reached. If the answer is yes, the 
operation proceeds to operation 805. At operation 805, pro 
duction control parameters, such as target inventory, cycle 
time, wafer starts, etc., are modified to bring inventory level to 
a safe operating level. At next operation 806, the forecast of 
other production and inventory control parameters, are 
adjusted based on the modifications at operation 805. After 
operation 806 and at operation 807, a decision of if the end of 
product life cycle (or end of production) has been reached or 
not is made. If the answer is “yes”, the process flow is com 
pleted. If the answer is “no”, process flow returns to operation 
803 to review and compare real inventory and target inventory 
data at the next review period. In addition, if the answer at 
operation 804 is “no', the operation proceeds to operation 
807. 

0079 Utilizing the methods and systems described above 
help to reduce the cost of overstock and the risk of stockout 
and result in Substantial cost saving and good customer rela 
tionship. The embodiments of methods and systems 
described above are merely examples. Other variations of 
methods and systems based on the same principles are also 
applicable. In addition, the methods and systems can be 
modified to be applied to inventory control of products that 
are not semiconductor chips. 
0080 Various modifications, changes, and variations 
apparent to those of skill in the art may be made in the 
arrangement, operation, and details of the methods and sys 
tems disclosed. The embodiments may include various steps, 
which may be embodied in machine-executable instructions 
to be executed by a general-purpose or special-purpose com 
puter (or other electronic device). Such a general-purpose or 
special-purpose computer 900 is illustrated in FIG. 9. The 
computer 900 comprises a central processing unit (CPU) 904 
that executes instructions stored in read only memory (ROM) 
908, and storage device 910, using random access memory 
(RAM) 906 as working memory. The CPU 904 communi 
cates with these other devices over a bus 902. The computer 
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900 interfaces with a user via input device 930, display device 
932 and cursor control 934. The computer 900 also comprises 
a communication interface 920 that enables communication 
with other computers such as Web server 952 and host com 
puter 942 via network 940 or the Internet 950. Alternatively, 
the steps may be performed by hardware components that 
contain specific logic for performing the steps, or by any 
combination of hardware, software, and/or firmware. 
Embodiments may also be provided as a computer program 
product including a machine-readable medium having stored 
thereon instructions that may be used to program a computer, 
such as computer 900 (or other electronic device) to perform 
processes described herein. The machine-readable medium 
may include, but is not limited to, floppy diskettes, optical 
disks, CD-ROMs, DVD-ROMs, ROMs, RAMs, EPROMs, 
EEPROMs, magnetic or optical cards, or other type of media/ 
machine-readable medium Suitable for storing electronic 
instructions. Such machine-readable media may be read, for 
example, by an input device 930 attached to computer 900. 
For example, instructions for performing described processes 
may be transferred from a remote computer (e.g., a server) to 
a requesting computer (e.g., a client) by way of data signals 
embodied in a carrier wave or other propagation medium via 
a communication link (e.g., network connection). 
I0081. One aspect of this description relates to a production 
management system for dynamically controlling inventory of 
a semiconductor product to prevent overstock and stockout. 
The production management system includes a production 
planning module including components containing data of 
demand forecast, and customer order. The production man 
agement system further includes a dynamic inventory control 
module including a dynamic inventory control simulation 
module and an inventory management system, wherein the 
dynamic inventory control simulation module is configured 
to adjust a target inventory if a current inventory is beyond a 
threshold multiplied by the target inventory for M number of 
review cycles. 
I0082 Another aspect of this description relates to a pro 
duction management system for dynamically controlling 
inventory to prevent overstock and stockout. The production 
management system includes a production planning module, 
wherein the production planning module is configured to 
determine a demand curve for at least one product. The pro 
duction management system further includes a dynamic 
inventory control module connected to the product planning 
module. The dynamic inventory control module includes a 
dynamic inventory control simulation module configured to 
generate instructions for altering a production process based 
on the demand curve. The dynamic inventory control module 
further includes an inventory management system configured 
to store real inventor data and real shipping data. 
I0083 Still another aspect of this description relates to a 
production management system for dynamically controlling 
inventory of a semiconductor product to prevent overstock 
and Stockout. The production management system includes a 
production planning module comprising a first processor con 
figured to establish an initial forecast of target inventory, 
wafer starts, inventory, shipment, cycle time, upper inventory 
threshold, and lower inventory threshold for a product includ 
ing components containing data of demand forecast, and 
customer order. The production management system further 
includes a dynamic inventory control module comprising a 
second processor configured to: review and compare real 
inventory and target inventory on a periodic basis. The second 
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processor is further configured to reduce the forecast of target 
inventory, responsive to a determination that the real inven 
tory exceeds the upper inventory threshold for a number of 
consecutive review periods. The second processor is further 
configured to repeat the step of reviewing and comparing real 
inventory and target inventory data and the step of reducing 
the forecast of target inventory, responsive to a determination 
that an end of product life cycle has not been reached. 
0084. Although the foregoing disclosure has been 
described in some detail for purposes of clarity of understand 
ing, it will be apparent that certain changes and modifications 
may be practiced within the scope of the appended claims. 
Accordingly, the present embodiments are to be considered as 
illustrative and not restrictive, and this disclosure is not to be 
limited to the details given herein, but may be modified within 
the scope and equivalents of the appended claims. 
What is claimed is: 
1. A production management system for dynamically con 

trolling inventory to prevent overstock and stockout, the pro 
duction management system comprising: 

a production planning module including components con 
taining data of demand forecast, and customer order, and 

a dynamic inventory control module including a dynamic 
inventory control simulation module and an inventory 
management system, wherein the dynamic inventory 
control simulation module is configured to adjust a tar 
get inventory if a current inventory is beyond a threshold 
multiplied by the target inventory for M number of 
review cycles, wherein M is an integer. 

2. The production management system of claim 1, wherein 
the dynamic inventory control simulation module is config 
ured to reduce the target inventory by a reduction ratio each 
future review cycle if the threshold is an upper threshold. 

3. The production management system of claim 2, wherein 
the reduction ratio is constant over time. 

4. The production management system of claim 1, wherein 
the dynamic inventory control simulation module is config 
ured to provide instructions to reduce a cycle time if the 
threshold is a lower threshold. 

5. The production management system of claim 4, wherein 
the dynamic inventory control simulation system is config 
ured to provide instructions to reduce the cycle time by pro 
viding instructions to run hot lots. 

6. The production management system of claim 1, wherein 
the dynamic inventory control simulation system is config 
ured to provide instructions to increase a wafer start param 
eter if the threshold is a lower threshold, wherein the wafer 
start parameter is a number of usable chips obtained per 
period. 

7. The production management system of claim 1, wherein 
M is greater if the threshold is an upper threshold than if the 
threshold is a lower threshold. 

8. A production management system for dynamically con 
trolling inventory to prevent overstock and stockout, the pro 
duction management system comprising: 

a production planning module, wherein the production 
planning module is configured to determine a demand 
curve for at least one product; and 

a dynamic inventory control module connected to the prod 
uct planning module, wherein the dynamic inventory 
control module includes: 
a dynamic inventory control simulation module config 

ured to generate instructions for altering a production 
process based on the demand curve; and 
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an inventory management system configured to store 
real inventory data and real shipping data. 

9. The production management system of claim 8, wherein 
the production planning module comprises a fab capacity 
component configured to store information related to a manu 
facturing capacity and types of products manufacturable by a 
fab. 

10. The production management system of claim 8. 
wherein the production planning module comprises a product 
technology component configured to store information 
related to process flows, tools and materials usable for manu 
facturing products in a fab. 

11. The production management system of claim 8. 
wherein the production planning module comprises a product 
priority component configured to store information related to 
a production priority of a product to be manufactured in a fab. 

12. The production management system of claim 8. 
wherein the dynamic inventory control simulation module is 
configured to generate instructions to alter a production pri 
ority of a product to be manufacture in a fab. 

13. The production management system of claim 8. 
wherein the dynamic inventory control simulation module 
comprises a target inventory simulator configured to simulate 
an inventory target based on an initial order parameter, a 
historical trend parameter, and a seasonal effect parameter. 

14. The production management system of claim 8. 
wherein the dynamic inventory control simulation module 
comprises a future inventor simulator configured to simulate 
a future inventory parameter based on a real inventory param 
eter, a wafer start parameter, and a future shipment parameter. 

15. The production management system of claim 14, 
wherein the dynamic inventory control simulation module 
further comprises a future shipment simulator configured to 
determine the future shipment parameter based on a historical 
trend parameter, a seasonal effect parameter, a target inven 
tory parameter, a current inventory parameter, and a future 
inventory parameter. 

16. The production management system of claim 14, 
wherein the dynamic inventory control simulation module 
further comprises a wafer start simulator configured to deter 
mine the wafer start parameter based on a target inventory 
parameter, the real inventory parameter, the future inventory 
parameter, and the future shipment parameter. 

17. The production management system of claim 14, 
wherein the inventory management system is configured to 
store the real inventory parameter. 

18. A production management system for dynamically 
controlling inventory of a semiconductor product to prevent 
overstock and stockout, the production management system 
comprising: 

a production planning module comprising a first processor 
configured to establish an initial forecast of target inven 
tory, wafer starts, inventory, shipment, cycle time, upper 
inventory threshold, and lower inventory threshold for a 
product including components containing data of 
demand forecast, and customer order; and 

a dynamic inventory control module comprising a second 
processor configured to: 
review and compare real inventory and target inventory 

on a periodic basis; 
reduce the forecast of target inventory, responsive to a 

determination that the real inventory exceeds the 
upper inventory threshold for a number of consecu 
tive review periods, and 
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repeat the step of reviewing and comparing real inven 
tory and target inventory data and the step of reducing 
the forecast of target inventory, responsive to a deter 
mination that an end of product life cycle has not been 
reached. 

19. The production management system of claim 18, 
wherein the second processor is further configured to reduce 
aforecast of the cycle time and increase aforecast of the wafer 
starts, responsive to a determination that the real inventory is 
below the lower inventory threshold for a second number of 
consecutive review periods. 

20. The production management system of claim 18, 
wherein the second processor is further configured to increase 
the forecast of target inventory following a second number of 
cycles after the forecast of target inventory is reduced. 

k k k k k 
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