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Abstract 
 
The process of wafer fabrication is arguably the most technologically complex stage in semiconductor 
manufacturing. This manufacturing environment has a number of unusual features. Probably reentrancy of lots and 
unbalanced production facilities are two of the most important and unique features of semiconductor wafer 
fabrication facilities (fabs) that necessitate lot flow control and effective scheduling. Lot flow control is achieved by 
a fixed lot release policy which specifies when new lots are to be released into the fab. Previous studies on a small 
size fab showed that flow control combined with scheduling results in high throughput, low cycle times, and low 
work-in-process levels. This work presents a simulation study that has been done for a selected segment in a 
representative wafer fabrication facility. This segment captures the challenges involved in scheduling the highly re-
entrant semiconductor manufacturing lines. A number of scenarios have been developed and are used to evaluate the 
effect of introducing different input values on the selected performance measures to select the best modeling 
technique.  
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1. Introduction 
Increases in the use of computers and high technology have boosted the semiconductor manufacturing industry 
tremendously over the past decade (Lamba et al., 2000). Semiconductor manufacturing is one of the most 
complicated advanced manufacturing systems (Lee et al., 2009, Chen, 2008), it includes four phases: wafer 
fabrication, wafer probe, assembly and final test (Guo et al., 2012). The first two phases are called front-end 
production, and the last two are named backend production (Ponsignon and LarsMonch, 2012).  Wafer fabrication is 
the most important process in semiconductor manufacturing. In a wafer fabrication facility (or wafer fab), complex 
electronic circuitry is developed on a polished and clean wafer in a clean room (Lamba et al., 2000).  
 
(Fowler et al., 2002) presented several features that qualify semiconductor manufacturing to be the most difficult 
manufacturing environment; re-entrant flow and reliability are among these features. Re-entrant flow of lots means 
that a lot will visit the same station more than once. Reliability refers to the fact that the failure of machines in wafer 
fabs is a soft failure in which the equipment begins to produce non-conforming lots which may not be detected for 
some time. For this reason, the equipment is taken out of service for tuning and test rather than component 
replacement.  
 
For this complex system, it is difficult to build a mathematical model; even if the model is built, model solving is 
most likely an NP hard problem because of its complexity and nonlinearity. Therefore, simulation is considered as 
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one of the most effective quantitative methods to apply, which can deal effectively with stochastic and dynamic 
systems (Lin and Long, 2011). Through simulation analysis, many details and constraints can be considered in the 
evaluation of such a complex system (Kuo et al., 2007). In fact, several researchers have tested different lot flow 
control policies on simpler models of real wafer fabrication facilities. Amongst the most popular models in literature 
is the “Five Machine Six Step Mini-Fab” model1

El-Kilany, 2011
; where, simulation studies were undertaken using that model and 

used to evaluate the impact of changing lot release policies on the Mini-Fab performance ( , El-
Khouly et al., 2011, El-Khouly et al., 2009, Li et al., 2008, Ramírez-Hernández et al., 2005, Wang et al., 2005, 
Vargas-Villamil et al., 2003). 
 
In this work, the model has been expanded to include appropriate process validation steps, which are known to be a 
significant source of variation. The steps have been repeated several times to more accurately represent the 
complexity of a multi-layer process flow, providing a more realistic basis upon which to test different modeling 
policies on the performance of the fab; where, different input variables are tested to control the flow of lots to 
stations or machines to be kept below a predetermined measure. 
 
The remainder of this paper is organized as follows: Section 2 presents a description of the selected segment in a 
wafer fab. Model development using ExtendSimTM is presented in section 3. Next, section 4 provides 
experimentations, results, and analysis. Finally, conclusions drawn from this work are addressed in section 5. 
 
2. Case Study 
A selected segment in a representative wafer fabrication facility is under study. This segment has been defined with 
the assistance of “The Irish Center for Manufacturing Research (ICMR)”, which works with a number of wafer 
fabrication facilities and Research Institutes in Ireland and Europe to address the significant challenges involved in 
operating highly re-entrant semiconductor manufacturing lines. This segment features 46 processing steps performed 
at 12 stations. The structural and operational data are detailed in this section. 
 
2.1 Structural Data 
Wafer starts per week (WSPW) represents the number of wafers introduced to the fab each week; where, a single lot 
equals 25 wafers. On average 3150 wafers are introduced to the fab each week (18 lots per day). The fab operates 
two 12-hours shift a day, 7 days a week. A Summary of the structural data concerning the number of machines 
located at the 12 stations is presented in Table 1. 
 

Table 1: A Summary of the Structural Data. 
Station 

Operation Description No. of 
Machines No. Type 

1 MDep Metal Deposition-Pad Deposition 2 
2 TCheck Thickness Check-Check 2 
3 LPat Lithography Patterning 4 
4 LAligh Pattern Alignment Check 2 
5 LDim Pattern Dimension Check-Etch Dimension Check  3 
6 MEtch Metal Etch-Pad Etch 3 
7 RWash Resist Removal 2 
8 IDep Insulation Deposition 3 
9 IPol Insulation Planarization-Insulation Thickness 2 

10 IEtch Insulation Etch 5 
11 VDep Via Deposition 3 
12 VPol Via Planarization 2 

 

                                                 
1 Available from: http://aar.faculty.asu.edu/research/intel/papers/fabspec.html  

http://aar.faculty.asu.edu/research/intel/papers/fabspec.html�
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2.1 Operational Data 
The operational data presented here is mainly concerned with the data related to the routing of lots. As mentioned 
earlier, the selected segment features 46 processing steps performed at 12 stations; hence, each lot visits the same 
station more than once (re-entrant flow) as shown in Figure 1.  
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Figure 1: The Selected Segment of a Semiconductor Manufacturing Fab. 
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Within each of the 12 stations all machines have the same nominal run rate in terms of the number of lots they can 
process per hour with the station run rate being the sum of the machine run rates. Each machine is individually 
subject to random failure and random repair times based on exponential distributions as presented in Table 2. 
 

Table 2: A Summary of the Operational Data 
Station Number of 

Machines Steps Served by Each Station MTTF 
(Hr./wk.) 

MTTR 
(Hr./wk.) 

Run Rate 
(Lots/hr.) No. Type 

1 MDep 2 S1, S20, S39 127.68 40.32 5.2 
2 TCheck 2 S2, S11, S21, S30, S40 162.96 5.04 14.08 
3 LPat 4 S3, S12, S22, S31, S41 141.12 26.88 6.56 
4 LAligh 2 S4, S13, S23, S32, S42  162.96 5.04 8 
5 LDim 3 S5, S8, S14, S17, S24, S27, S33, S36, S43, S46 161.28 6.72 16.8 
6 MEtch 3 S6, S25, S44 129.36 38.64 4.2 
7 RWash 2 S7, S16, S26, S35, S45 161.28 6.72 15.2 
8 IDep 3 S9, S28 139.44 28.56 3 
9 IPol 2 S10, S29 154.56 13.44 4 
10 IEtch 5 S15, S34 126.00 42.00 3 
11 VDep 3 S18, S37 137.76 30.24 3 
12 VPol 2 S19, S38 132.72 35.28 4 

 
After describing the system to be analyzed using simulation and preparing the different input data for the model, 
simulation model development takes place, which is described in detail in the next section. 
 
3. Model Development 
A simulation model of the segment presented in the previous section has been developed using the ExtendSimTM 
Suite 8.0.1, as shown in Figure 2. This section presents the model development process. 
 

 
 

Figure 2: The Developed Model. 
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The simulation model comprises 13 main parts; the lot router, and 12 stations. The lot router ensures that the lots are 
sent to the stations in the exact sequence that is presented in the fab description. On the other hand, the machines 
ensure processing of lots according to the timing data of the fab. 
 
A major challenge encountered during the modeling process is relevant to the utilization reported from the 
“Activity” blocks in ExtendSimTM; where, these blocks include downtime as part of the utilization. In the Fab, there 
is another measure of Utilization which is the “Utilization of Availability”. This measure is calculated using 
Equation 1. 
 𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  𝑇𝑖𝑚𝑒 𝐼𝑛 𝑈𝑠𝑒

𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒−𝐷𝑜𝑤𝑛𝑡𝑖𝑚𝑒
             (1) 

 
3.1 Utilization of Availability 
Utilization of availability (UofA) is one of the most important performance measures in this work, which was not 
reported directly from any of the ExtendSimTM building blocks. Accordingly, a number of blocks have been added 
to each station so that it can report the UofA. 
 
To calculate the UofA accurately based on Equation 1; an “Integrate” block is used that can integrate an input value 
over time. An “Integrate” block is added to the “Activity” block connected to the F (Full) connector that returns a 
value of one whenever a lot is being processed. This value is integrated over time resulting in the “Time in Use” 
(T_InUse). Another “Integrate” block is connected to the SD (ShutDown) connector that returns a value of one 
whenever a machine is down. Again, this value is integrated over time resulting in the “Downtime” (T_Down). 
T_InUse and T_Down reported from the “Integrate” blocks are input to an “Equation” block, which calculates the 
UofA based on Equation 1. This arrangement of blocks is as shown in the simplified model in Figure 3. 
 

 
 

Figure 3: Reporting Utilization of Availability 
 
3.2 Maximum Utilization 
As mentioned earlier, the failure of equipment or processes is often not a hard failure in the sense that something 
breaks; but rather, a soft failure in which the equipment begins to produce out of the tolerance region. Due to the 
nature of the product and process, this may not be detected for some time.  For this reason, the machines are not 
usually overloaded even if there is available capacity for production. Hence, based on management decisions, a 
maximum utilization is usually set for each machine depending on the nature of the process it performs. 
 
Keeping the machines’ utilization below this pre-determined value of maximum utilization (Umax) is the other 
challenge faced during modeling. Arrival of lots to stations or machines must be controlled, i.e. lots are prevented 
from entering the station or machine. Consequently, the UofA is prevented from exceeding the Umax. 
 
3.3 Different Input Values and Models 
Different input values are tested to control the flow of lots to stations or machines. First, introducing 18 lots per day 
which is the minimum loading that results in 3150 WSPW (126 lots per week) and there is still enough capacity in 
all stations for additional loading. Second, introducing 19 lots per day which is the optimum loading that results in 
3325 WSPW (133 lots per week) and there is not enough capacity for additional loading in some stations. Finally, 
overloading some stations was tested by introducing 20 lots per day which results in 3500 WSPW (140 lots per day). 
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Three different versions of the model are developed to control the UofA, not to exceed the Umax. Different input 
values are tested (introducing 18, 19, and 20 lots per day) for the three versions shown in Figure 4, which are: 

• Model A: Gated Control of the flow of lots based on station level utilization. 
• Model B: Gated Control of the flow of lots based on machine level utilization.  
• Model C: Machine shutdown based on keeping the UofA of each machine below Umax. 

 

Model A Model CModel B

Gate before 
Station Gate before 

Machine

Shutdown 
based on 
Decision

 
Figure 4: Three different versions of the model to control the UofA. 

 
3.4 Performance Metrics 
The performance metrics recommended in this work are: 

• Maximum utilization of availability (max UofA) to each station, which is reported from the model and 
should not exceed the maximum utilization (Umax) of the fab for each station. 

• Average utilization of availability (avg. UofA) to each station, which is reported from the model and should 
be equal to the “Standard Utilization” which includes the downtime as part of the utilization and is 
calculated by multiplying the maximum utilization (Umax) of the fab with the theoretically calculated UofA 
for the same station. 

• Average, minimum, and maximum of Outs, this is the number of finished lots per week. 
 
4. Experimentations, Results, and Analysis 
The three different versions of the model are run when introducing different number of lots per day (18, 19, and 20 
lots per day). Each simulation run covers one year (52 weeks); where, results are reported weekly.  
 
4.1 Analysis of the Maximum UofA Results 
Figure 5, Figure 6, and Figure 7 show the results of the maximum UofA reported from the model compared to the 
Umax of the fab for the different number of lots introduced per day. 
 

 
 

Figure 5: Comparing max UofA to Umax when introducing 18 lots per day. 
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Figure 6: Comparing max UofA to Umax when introducing 19 lots per day. 
 

 
 

Figure 7: Comparing max UofA to Umax when introducing 20 lots per day. 
 
As mentioned earlier, the maximum UofA should not exceed the Umax, which is the blue region of the graph. It is 
clear that Model A results exceed the Umax at some stations at the different input values introduced. In Model B, 
the maximum utilization reported remains below the Umax at all stations except for the LPat and IEtch stations. 
Finally, in Model C, the maximum utilization reported remains below the Umax to within 1% at some stations for all 
loadings. 
 
4.2 Analysis of the Average UofA Results 
The results of the average UofA reported from the model are compared to the “Standard Utilization”, which is 
calculated theoretically for the different input values introduced. As mentioned before, the average UofA should be 
approximately equal to the value of the “Standard Utilization”, which is the blue region of the bar charts shown in 
Figure 8, Figure 9, and Figure 10.  
 
It is obvious that Model A and Model C results are within that range at all levels of loading (18, 19, and 20 lots per 
day); however, Model B results are exceeding the expected values at all stations and at all levels of loading. 
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Figure 8: Comparing avg. UofA to Standard Utilization when introducing 18 lots per day. 
 

 
 

Figure 9: Comparing avg. UofA to Standard Utilization when introducing 19 lots per day. 
 

 
 

Figure 10: Comparing avg. UofA to Standard Utilization when introducing 20 lots per day. 
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4.3 Analysis of Outs Results 
Table 3 illustrates the average, minimum, and maximum weekly Outs for each model version. When introducing 18 
lots per day, the maximum Outs for the three models are close to the expected lots per week. Next, when introducing 
19 lots per day the maximum Outs of Model A and Model C are closer to the expected lots per week than the 
maximum Outs per week of Model B. Finally, when introducing 20 lots per day the maximum Outs of Model A and 
Model C are closer to the expected lots per week but exceeded the optimum loading within the available capacity as 
stated previously; whereas, the maximum Outs of Model B is below that value and far from the expected lots per 
week. 
 

Table 3: Values of Outs reported from models at different loading levels. 
Loading 
Level 

Outs 
(Lots/week) Model A Model B Model C 

18 lots/day  
Avg. 119 116 122 
Min. 63 72 87 
Max. 125 124 126 

19 lots/day  
Avg. 124 122 128 
Min. 85 92 89 
Max. 131 128 133 

20 lots/day  
Avg. 128 121 131 
Min. 89 65 73 
Max. 136 128 139 

 
5. Conclusion 
This paper presented the use of simulation to model a selected segment in a representative wafer fabrication facility. 
The work aimed at finding the most appropriate method for accurately representing the complexity of this multi-
layer process flow. Different models have been developed in the ExtendSimTM simulation environment, to represent 
the controlled lot flow to the different machines in order to keep utilization of these machines under a pre-
determined level.  
 
Utilization of availability (UofA) has also been introduced as one of the most important performance measures in 
this work, which measures utilization as a percentage of available time; in other words, downtime is not included in 
utilization. 
 
Developed simulation models have been run with different loading levels. Analysis of results has shown the 
following; first, when comparing the maximum UofA to the Umax Model B and Model C performed better than 
Model A. Second, investigating the average UofA and how it should be compared to the standard utilization; Model 
B showed the worst results relative to Model A and Model C. Finally, when evaluating the Outs of at different 
loading levels for all models; Model A and Model C were more capable to achieve the expected lots per week than 
Model B.  In conclusion, model C is considered the more likely modeling version to be selected, although this 
version model requires double the simulation run time of the two other models.  
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