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METHOD AND SYSTEM FOR EFFICIENTLY 
COORDINATING ORDERS WITH PRODUCT 
MATERIALS PROGRESSING THROUGH A 

MANUFACTURING FLOW 

BACKGROUND OF THE DISCLOSURE 

[0001] The present disclosure relates generally to product 
manufacturing management, and more particularly, to an 
ef?cient management of production of high volume and 
highly customiZed semiconductor products. 

[0002] A standard production management process might 
be to order large quantities of raW materials and reorder 
When stocks look loW. This method is simple and does not 
require any sophisticated analysis. It is effective for small lot 
production in a loW volume environment. It can also be 
made effective in a mass-production environment of a single 
product. This process provides poor response to demand 
changes. It is ineffective in high-volume, multi-product 
environments. It often requires carrying large inventories 
With the related inventory expenses. 

[0003] Amore advanced standard process has been devel 
oped that plans inventory purchasing based on orders and 
forecast. This system is referred to by several names, more 
commonly as MRP (Material Requirements Planning. These 
systems calculate the quantity of materials and resources 
required to ?ll existing orders and forecast. Based on esti 
mated delivery lead-times and the order of assembly, the 
system generates estimates for a time-sequenced purchasing 
plan. 
[0004] MRP Works Well in large-volume, multi-product 
environments. It is capable of responding to rapidly chang 
ing order environments. HoWever, MRP is not particularly 
effective in managing production that includes customiZed 
orders or frequent change-orders. 

[0005] What is needed is an ef?cient method for managing 
material and resources in support of frequent order changes 
in a high-volume, continuous-?oW, highly-customiZed 
manufacturing environment. 

SUMMARY OF THE DISCLOSURE 

[0006] A method and system is provided for dynamically 
coordinating one or more product orders With product parts 
progressing through a manufacturing process ?oW. After 
identifying a ?rst order for generating one or more lots of 
parts for manufacturing a ?rst product, Wherein the ?rst 
order identi?es a predetermined base feature, one or more 
customer speci?c features, one or more order speci?c fea 
tures, and the quantity of the ?rst product, A smart code is 
assigned to the ?rst order and the lots of parts, Wherein the 
smart code identi?es an association betWeen the ?rst order 
and the lots of parts. An analysis is then performed, based on 
the smart codes assigned thereto, to see Whether one or more 
available lots of parts of a second order in production are 
ready to be converted to produce the ?rst product. The smart 
code of the available lots is changed to the smart code of the 
?rst order if the available lots of the second order are chosen 
to be further processed for ful?lling the ?rst order. 

[0007] Various bene?ts are achieved over conventional 
approaches. For instance, opportunities for rerouting or 
reWork of parts are identi?ed, thus reducing costly scrap and 
resource consuming restarts. Therefore, it could signi? 
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cantly reduce scrap and reWork, cost to the customer, lead 
time for delivery, and plant and material capacity planning. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 
[0009] FIG. 2 illustrates the association betWeen product 
part lots and orders through a smart code. 

[0010] FIG. 3 illustrates a process for re-arranging orders 
based on an order modi?cation according to one example of 
the present disclosure. 

[0011] FIG. 4 illustrates a manufacturing process How for 
processing orders according to one example of the present 
disclosure. 

FIG. 1 illustrates an order-?oW timing diagram. 

DETAILED DESCRIPTION 

[0012] High-volume, continuous-?oW, highly-customized 
manufacturing environments present unique challenges to 
standard production management. MRP Works Well in large 
volume, standard product environments, it is not effective in 
managing production that includes highly customiZed orders 
or frequent modi?cations of existing orders (referred to as 
“change-orders”). Multi-product mass production is exem 
pli?ed by capacity limits and changing customer demands. 
This often generates delays and material shortages. Cus 
tomer orders often must be prioritiZed to establish up-to-date 
completion schedules. 

[0013] Conventionally, each order is given a part number 
to identify product materials needed and the features of the 
expected product When the order is entered into a comput 
eriZed manufacturing management system. Due to the cus 
tomer’s speci?c customiZation requirements, most part num 
bers Will be unique to the requested order. For illustration 
purposes, product materials progressing through the manu 
facturing How are referred to as “parts,” and they become 
“products” When all processes are ?nished thereon. Once the 
parts have begun processing, change-orders can be submit 
ted to change the quantity requirements for one or more 
parts. A change-order may request quantity changes to 
multiple parts, each part must be addressed separately, 
potentially generating scrap and restarts. 

[0014] The folloWing examples Will use custom semicon 
ductor device fabrication as a typical high-volume, highly 
customiZed product manufacturing environment. FIG. 1 
illustrates a general order-?oW timing diagram (100). The 
orders and lots of parts are shoWn on various points on a 
production time-line (102) so as to illustrate their progress 
through the production ?oW. Milestones in the process How 
are marked as WF, CP, AS, and FT Which represent Wafer 
start, current-probe, assembly, and ?nal-test, respectively. 

[0015] As illustrated in FIG. 1, a customer places an order 
With the customer’s usual special features for 50 Wafers of 
internal part-number 005. This request is entered on Decem 
ber 01 as O1L1 PN#005, Which indicates that it is Line #1 
on Purchase Order #1. A neW batch of Wafers is started and 
is designated O1L1 PN#005 (104), and is assigned to Lot A 
(106). 
[0016] The same customer places another order for 25 
Wafers of internal part-number 007, With the customer’s 
usual special features. The order is added to the original 
Purchase Order and is entered on December 15 as O1L2 
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PN#007 (Line#2 on Purchase Order #1). A neW batch of 
Wafers is started and is designated O1L2 PN#007 (108), and 
is assigned to Lot B (110). It is assumed that ?nished 
products of part number 007 are different from those of part 
number 005, but they all start from the same initial parts. 

[0017] The same customer submits a change-order on 
December 21. In this request, the quantity of PN#005 is 
reduced to 25 Wafers (112). As 50 Wafers have been started 
in Lot A to satisfy the original order, there are noW 25 eXtra 
Wafers in Lot A. HoWever, according to the conventional 
practice, since the 25 Wafers in eXcess are part-numbered as 
O1L1 PN#005, they cannot be reassigned to another order. 
As such, the 25 eXtra Wafers become scrap (112), an undes 
ired Waste is then unnecessarily introduced in production. 
Either the manufacturer or the customer Will have to pay for 
the Waste. 

[0018] In the eXample shoWn in FIG. 1, the same cus 
tomer has another change-order (114) on December 21 to 
increase the quantity of PN#007 to 50 Wafers. Normally, this 
Would trigger another request to generate 25 additional 
Wafers. FolloWing Lot B (110), Which has already pro 
gressed partially through the fabrication ?oW, a neW batch of 
Wafers is started and is designated O1L2 PN#007 (114), and 
is associated With Lot C (116). The delivery of these neW 
Wafers Will be later than those in Lot B. 

[0019] It should be noted that the Wafers in Lot A (106) 
have not yet progressed to a fabrication point that Would 
preclude them from being reassigned to and completed as a 
portion of O1L2 PN#007. If it is determined that Lot A can 
be changed as such, this reassignment action taken in the 
production How Would both eliminate the need of scrapping 
25 Wafers and starting 25 additional Wafers. Material cost, 
resource usage, and time Would all be saved. In addition, the 
customer’s tWo orders Would be ?lled sooner. Even though 
many orders may process through quite a feW common 
process steps, and sometimes, even through identical steps 
When completed, therefore, they can be reassigned if needed 
during the process ?oW. Unfortunately, the conventional part 
numbering system cannot identify these opportunities. 

[0020] An improved method according to this disclosure 
alloWs identifying and possibly automating opportunities for 
rerouting uncompleted Wafers that have not yet reached the 
differentiating process step, or returning a Wafer lot back to 
the process line for reWork, or both. Since many customer 
speci?c parts have custom features that are identical until a 
speci?c state in the manufacturing process, it should be 
possible to take advantage of parts that are already in the 
process that might readily be converted to a neW request. For 
eXample, When a customer places a change-order, a request 
to increase the quantity of one part could be offset by a 
request to decrease the quantity of another. 

[0021] When an order is entered into a manufacturing 
management system, each order might be given a part 
number that re?ects the base feature, the customer speci?c 
features, and the order speci?c features. Additionally, both 
the part number and the order number are associated With a 
“smart code”. This code associates orders knoWn to the sales 
department With product parts knoWn to manufacturing 
operations personnel. 

[0022] FIG. 2 is a schematic (200) illustrating the use of 
smart codes to link lots of Wafers With orders. When orders 
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are received and Wafer lots are ready to be initiated, smart 
codes (202) are assigned to each production lot (204) and 
each purchase order (206). This smart code provides a link 
that couples a production lot With a particular purchase order 
as the lot travels through the fabrication process. When 
needed, the manufacturing management system can auto 
matically search and locate lots that Were generated by a 
particular purchase order using the smart code. For eXample, 
When a change-order is requested by a customer to modify 
a purchase order, it is possible to use the smart code to locate 
all lots that Were originally generated by the purchase order, 
regardless of their part numbers. Therefore, the smart code 
has the feature to alloW the manufacturing management 
system to identify parts With different part numbers, Which 
might be available for rearrangement in the change-order 
situation. Thus, a request to increase the quantity of one part 
could be offset by a request to decrease the quantity of 
another. This could signi?cantly reduce scrap and reWork. 

[0023] FIG. 3 illustrates a How diagram 300 illustrating 
the use of the smart code to identify and reroute Wafers, in 
order to satisfy a change-order request according to one 
eXample of the present disclosure. This Wafer lot identi? 
cation and re-arranging process might be referred to as a 
Synchronize Order Change (SOC). In the eXample illus 
trated, a customer initially places a tWo-line purchase order. 
Purchase order one, line-one (302), is a request for 50 Wafers 
PN#005 With their usual special requirements. Purchase 
order one, line-tWo (304), is a request for 25 Wafers PN#007 
With their usual special requirements. Purchase order one, 
line-one (ON1LN1) is associated With tWo 25-Wafer lots 
(306), Lot A and Lot B. Purchase order one line-tWo 
(ON1LN2) is associated With a single 25-Wafer lot (308), 
Lot C. The orders and the lots are each assigned With a smart 
code respectively (310 and 312). The sample smart code for 
ON1LN1 is sc20010701005 and the one for ON1LN2 is 
sc20010701007. They are only different in the last digit 
shoWing that they have different part numbers, and it also 
shoWs that they belong to the same customer and are similar 
in features before being fully completed. 

[0024] It is assumed that a change-order request is sub 
mitted at an arbitrary point in the fabrication process. The 
change-order modi?es ON1LN1 from 50 Wafers to 25 
Wafers (314). The change-order also modi?es ON1LN2 
from 25 Wafers to 50 Wafers of PN #007 (316). When this 
change happens, the SOC process (318) is initiated and 
examines Whether re-arrangement opportunities eXist before 
initiating fresh Wafer lots or scrapping any lots. The SOC 
detects the smart codes (320 and 322) for the orders being 
changed, i.e., ON1LN1 (302) and ON1LN2 (304). As 
shoWn, the smart codes (310 and 312) are used as indices to 
identify the Wafer lots A, B, (306) and C (308) that Were 
initiated for the original order. Order related process 
progress information is provided that indicates Where these 
Wafer lots stand in the fabrication process ?oW. The key 
information needed for SOC is Whether these lots have 
progressed to a point that they have had different features 
incorporated thereon. Based on such information, it is 
assumed that the SOC determines that Wafers can be 
rerouted (324) to satisfy both changes (314 and 316). As a 
result, Lot B is rerouted as PN#007, and the smart code 
sc20010701007 replaces the old smart code sc20010701005 
for this lot. The ?nal result is that the change-request is 
satis?ed Without scrapping or restarting any Wafer lots. 
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[0025] FIG. 4 illustrates a relevant portion of a manufac 
turing process How (400) according to one example of the 
present disclosure. A manufacturing management system 
poWered by modern computer systems is used by multiple 
operators throughout the process ?oW. It is assumed that the 
system is netWorked together so that the information is all in 
a real time fashion. The manufacturing management system 
includes both the SOC feature. In this example, the process 
How has been divided into three functional stages: Sales 
Administration, Production Control, Output Planning, and 
Manufacture Line Control although many other alternatives 
for dividing the How are also possible. The folloWing 
subsystems or modules are included, and Will be described 
in greater detail: Auto Wafer Start System (402), Output 
Planning System (404), Wafer Picking system (406), Smart 
Code Processing System (408). 

[0026] The early part of the manufacturing management 
system may be referred to as an Order Entry Module (410). 
An order (412) is entered into the system by the sales 
administration personnel and might include the base feature 
number, customer-speci?c features, order-speci?c features, 
and other required data. The order-entry data is provided to 
the Auto Wafer Start System (402). Normally, the Auto 
Wafer Start System initiates the production process for 
fabricating the requested order so that Wafer lots are started 
in the manufacturing process ?oW. Assuming no SOC is 
available, smart codes are assigned to the lots and the orders 
by a smart code assignment module (414). The smart code 
data is saved in a storage module (416) and made available 
to the rest of the manufacturing management system. The 
order data, smart code data, lot data, and any other appro 
priate data, is particularly important for the Output Planning 
System (404) as they control the output How of the Wafer 
lots. 

[0027] Functions centered around the Output Planning 
System may be referred to as a Planning Module (418). It is 
assumed that data has been provided to the Output Planning 
System (404) from the Order-Entry Module (410). If it is a 
neW order and it is determined that there are no available 
Wafer lots that can be used for this neW order, the Output 
Planning System (404) submits requests for starting orders 
to the Wafer Picking System (406), Which Will start appro 
priate numbers of Wafers to satisfy the neW order. The 
Output Planning System may also provide information 
about excessive Wafer lots currently in the manufacturing 
process based on current inventories and Work-in-process 
(WIP). As such, it has an order revieW module (420) that 
revieWs the incoming order based upon the excess available 
to determine if opportunities exist to reroute or reWork WIP 
for the neWly input order to avoid starting neW lots by the 
Wafer Picking System. Based on the planning result, the neW 
order Will be con?rmed by a Wafer initiation request con 
?rmation module (422) so that the Wafer Picking System 
can start processing neW Wafer lots after adjustments made 
based on the analysis from the Output Planning System 
(404). This adjustment helps to reduce the Waste in the 
production. 

[0028] Functional modules labeled as (424) may be col 
lectively referred to as a Smart Code Processing Module. 
Smart code processing applies to both neW orders or change 
orders. In the situation Where a modi?cation of an order or 
change-order (426) is made by a customer and conveyed to 
the operators in the Manufacturing Line Control, the Smart 

Mar. 10, 2005 

Code Processing Module is triggered to ?nd the best solu 
tion for making the changes. The Smart Code Processing 
Module (424) Works With the Planning Module (418) to 
analyZe the orders and outstanding Wafer lots, and orders 
that are determined to have opportunities for rerouting or 
reWork of WIP Will be identi?ed. It has to be determined that 
one or more available Wafer lots are of the same base feature 

and they have not been processed so far in the manufacturing 
process How that it Would prohibit them from being con 
verted to another product With additional processing. In 
addition, it is also determined Whether the Wafers have the 
customer speci?c features processed or can have the cus 
tomer speci?c features incorporated in future processes. 
When available Wafer lots are found that are readily con 
vertable to be further processed to make the desired products 
according to the change-order, the Smart Code Processing 
Module (408) recon?gures the lot identi?ers, order numbers, 
and smart codes to take advantage of identi?ed opportuni 
ties. The Wafer lots that have been re-arranged to ful?ll the 
need of the change-order Will be con?rmed by an order 
change con?rmation module (428), and their neW smart 
codes are assigned and saved and made available to various 
operators of the manufacturing management system. Fur 
thermore, the recon?gured data With regard to the orders, 
smart codes, lots, and any other related data is submitted to 
the Output Planning System (404) to alloW the updating of 
production planning. The Output Planning System then 
arranges for the ?nal overall planning. In the case that after 
the available Wafer lots are converted, and there is still a 
shortage of desired products, the Output Planning System 
(404) Will inform the Auto Wafer Start System (402) to 
initiate neW Wafer lots. 

[0029] As an alternative, instead of immediately assigning 
smart codes and initiating Wafer lots for every neW order, the 
Wafer Auto Start System (402) can optionally contact the 
Output Planning System (404) to check Whether there are 
available Wafer lots that can be converted to ful?ll the need 
of the neW order. The communication betWeen these tWo 
systems is represented by the dashed line 428. If so, no Wafer 
Will be initiated and the existing Wafer lots Will be rear 
ranged to be associated With the neW order. 

[0030] The present disclosure as described above thus 
provides an improved method for production management 
of change-orders. Various bene?ts are achieved over con 
ventional approaches. For instance, opportunities for rerout 
ing or reWork of WIP are identi?ed, thus reducing costly 
scrap and resource consuming restarts. In short, the 
improved method and system disclosed could signi?cantly 
reduce scrap and reWork, cost to the customer, lead time for 
delivery, and plant and material capacity planning. 

[0031] It Will also be understood by those skilled in the art 
that one or more of the elements/steps of the present 
disclosure may be implemented using softWare executed on 
a general purpose computer system or netWorked computer 
systems, using special purpose hardWare-based computer 
systems, or using combinations of special purpose hardWare 
and softWare. 

[0032] The above disclosure provides many different 
embodiments, or examples, for implementing different fea 
tures of the invention. Speci?c examples of components, and 
processes are described to help clarify the invention. These 
are, of course, merely examples and are not intended to limit 
the invention from that described in the claims. 
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[0033] While the invention has been particularly shown 
and described With reference to the preferred embodiment 
thereof, it Will be understood by those skilled in the art that 
various changes in form and detail may be made therein 
Without departing from the spirit and scope of the invention, 
as set forth in the folloWing claims. 

What is claimed is: 
1. A method for dynamically coordinating one or more 

product orders With product parts progressing through a 
manufacturing process ?oW, comprising: 

identifying a ?rst order for generating one or more lots of 
parts for manufacturing a ?rst product, the ?rst order 
identifying a predetermined base feature, one or more 
customer speci?c features, one or more order speci?c 
features, and the quantity of the ?rst product; 

assigning a smart code to the ?rst order and the lots of 
parts, the smart code identifying an association 
betWeen the ?rst order and the lots of parts; 

analyZing, based on the smart codes assigned thereto, 
Whether one or more available lots of parts of a second 
order in production are ready to be converted to pro 
duce the ?rst product; and 

dynamically changing the smart code of the available lots 
to the smart code of the ?rst order if the available lots 
of the second order are chosen to be further processed 
for ful?lling the ?rst order. 

2. The method of claim 1 Wherein the analyZing further 
includes determining that the one or more available lots of 
parts and the ?rst product are of the same base feature. 

3. The method of claim 1 Wherein the analyZing further 
includes determining that the one or more available lots of 
parts have not been processed to a point that they are 
prohibited from being converted into the ?rst product. 

4. The method of claim 1 Wherein the analyZing further 
includes determining that the one or more available lots of 
parts either have the customer speci?c features or can 
incorporate the customer speci?c features. 

5. The method of claim 1 further comprising When the ?rst 
order is modi?ed, analyZing Whether one or more available 
lots of parts in production that can be converted to ful?ll the 
need of the modi?cation of the ?rst order. 

6. The method of claim 5 further comprising initiating 
neW lots of the parts if needed based on the analyZing result. 

7. A method for dynamically re-arranging one or more 
orders With one or more Wafer lots progressing through a 
manufacturing process ?oW, comprising: 

identifying a modi?cation of a ?rst order, the ?rst order 
being for generating one or more Wafer lots for manu 
facturing a ?rst product, the ?rst order identifying a 
predetermined base feature, one or more customer 
speci?c features, one or more order speci?c features, 
and the quantity of the ?rst product, and the ?rst order 
and the Wafer lots being associated by a smart code; 

analyZing, based on the smart codes assigned thereto, 
Whether one or more available Wafer lots of a second 
order in production are ready to be converted to satisfy 
the modi?ed ?rst order; and 

dynamically changing the smart code of the available 
Wafer lots to the smart code of the ?rst order if the 
available Wafer lots of the second order are chosen to 
be further processed for satisfying the modi?ed ?rst 
order. 
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8. The method of claim 7 Wherein the analyZing further 
includes determining that the one or more available Wafer 
lots and the ?rst product have the same base feature. 

9. The method of claim 7 Wherein the analyZing further 
includes determining that the one or more available Wafer 
lots have not been processed to a point that they are 
prohibited from being converted into the ?rst product. 

10. The method of claim 7 Wherein the analyZing further 
includes determining that the one or more available Wafer 
lots either have the customer speci?c features or can incor 
porate the customer speci?c features. 

11. The method of claim 7 further comprising initiating 
neW Wafer lots if needed based on the analyZing result. 

12. A semiconductor manufacturing management system 
for dynamically coordinating one or more product orders 
With Wafer lots progressing through a manufacturing process 
?oW, the system comprising: 

an order entry module for identifying a modi?cation of a 
?rst order, the ?rst order being for generating one or 
more Wafer lots for manufacturing a ?rst product and 
identifying a predetermined base feature, one or more 
customer speci?c features, one or more order speci?c 
features, and the quantity of the ?rst product, the order 
entry module assigning a smart code to the ?rst order 
and the Wafer lots for identifying an association ther 
ebetWeen; 

a planning module for analyZing, based on the smart 
codes assigned thereto, Whether one or more available 
Wafer lots of a second order in production are ready to 
be converted to produce the ?rst product; and 

a smart code processing module for dynamically changing 
the smart code of the available lots to the smart code of 
the ?rst order if the available lots of the second order 
are chosen to be further processed for ful?lling the 
changed ?rst order. 

13. The system of claim 12 Wherein the planning module 
further includes an output planning system and a Wafer 
picking system. 

14. The system of claim 12 Wherein the order entry 
module further includes a Wafer start system for initiating 
Wafer lots. 

15. The system of claim 12 Wherein the planning module 
further includes means for providing information about 
excessive Wafer lots. 

16. The system of claim 12 Wherein the smart code 
processing module further includes means for determining 
that the one or more available Wafer lots and the ?rst product 
have the same base feature. 

17. The system of claim 12 Wherein the smart code 
processing module further includes means for determining 
that the one or more available Wafer lots have not been 
processed to a point that they are prohibited from being 
converted into the ?rst product. 

18. The system of claim 12 Wherein the smart code 
processing module further includes means for recon?guring 
the smart code for the available Wafer lots of the second 
order When they are used to ful?ll the ?rst order. 

19. The system of claim 12 Wherein the smart code 
processing module further includes means for detecting the 
modi?cation of the ?rst order. 

20. The system of claim 12 Wherein the smart code 
processing module further includes means for con?rming 
the modi?ed ?rst order. 


