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• Tests conducted
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• Future efforts



NSF Engineering Research Center for Reconfigurable Manufacturing Systems
University of Michigan College of Engineering

TA2 TAC 3

Need for time synchronization
• Advanced Process Control (APC)

– Fault Diagnostics and e-diagnostics

– Process Optimization
– Virtual Inspection

• Lack of time synchronization and accurate time-stam ping  
for various data streams leads to: 

- Events and data being out-of-order 
- Inaccurate correlation of event occurrence from data 
- Inaccurate fault diagnostics

• Time synchronization solutions: 
- Network time protocol (NTP)
- Precision time protocol (PTP)
- Need to determine level of synchronization required
- Need to determine best practices for utilization of synchronization
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• TCP/IP on Ethernet designed for data handling
– Non-deterministic delays

– Overhead due to protocols such as XML, UDP, VPN, OPC

– Impact on data quality

Need for time synchronization (cont)

UDP VPN
(UDP)

OPC
(TCP)

DeviceNet

Delay Average (ms) 0.33 1.21 1.48 0.3-1.2

Delay Variation (3� ) (ms) 0.09 0.49 2.43 0.005-0.2

Min. Network Delay Contribution 
(ms)

0.035 0.035 0.035 0.188

% of Delay Due to Network 11% 3% 2% 63%

J.T. Parrott, J. R. Moyne and D. M. Tilbury. Experi mental Determination of Network Quality of 
Service in Ethernet: UDP, OPC, and VPN. In Proceedings of the American Control Conference , 
June 2006
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NIST – UofM Factory Network Simulator

• Preliminary version of simulator complete 
– Simulates XML diagnostics traffic patterns found on the semiconductor 

factory floor

• Will be used to determine best practices for networ ked time 
synchronization in semiconductor manufacturing 

– Time-stamping location and accuracy

– Synchronization level 

• Will be used to compare cost & accuracy benefits of :
– Deploying time synchronization protocols such as PTP, NTP
– Different time-stamping methods

– Using different operating systems
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Simulation of entire semiconductor factory 
to study benefits of time synchronization

Simulator architecture
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• Simulator controller
– Graphical user interface (GUI) in which the user configures the traffic/noise 

generator as well as defines what data is desired from the equipment in Data 
Collection Plans (DCPs)

Simulator architecture (cont)

• Simulated Components
- Server (e.g., machine producing data)
- Client (e.g., diagnostics system)
- Data collection plans (DCP)
- Data collection reports (DCR)
- Configurable noise generator for network  

loading

- Entire XML diagnostics  loop currently takes  
~185 ± 20 ms for an ~800 KB sample XML  
DCP file
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Initial experimental set-up
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• Experimental Conditions
– Data exchange between example server and example client at 

fixed time interval
– Specified noise from noise server to noise client

– Noise size and time interval configurable
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Initial results

• Time delay and delay variability between example 
server and example client increase with increase 
in noise
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• Java time stamping has ~10-15 ms resolution using 
the Windows operating system

• This can be improved without recoding in C++ by 
using Java wrapped C++ code (through the Java 
Native Interface (JNI)) to obtain time stamps (but lose 
portability)

Initial results (cont) 
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• Event Generator Timing Validation
– Java time schedulers accurate on average but cannot  achieve the 1 ms 

precision requirement for specified times <= 100 ms

Initial results (cont)

Average Time Intervals vs. 
Specified Timing

Standard Deviation of Time Intervals vs. 
Specified Timing
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Tests with 1588 PCI cards

Delay between packets Max (ms) Mean (ms) Min (ms) Std Dev (ms)

250ms 1.188 0.251 0.201 0.053

1s 0.317 0.243 0.234 0.003

Application (node) processing time 
hampering network times
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– Determine extent and precision of time synchronizat ion and time-
stamping required at various levels of the manufact uring floor

» Cost-benefit analysis of deploying different time 
synchronization protocols

» Expanded speed and jitter study of application prog ramming 
and OS environments to understand their applicabili ty with 
various time synchronization capabilities

» Detailed characterization of overhead due to XML-ba sed 
messaging in manufacturing systems

– Improve factory network simulator
» Noise generator capable of producing noise patterns  similar to 

that on the manufacturing floor
» Scale simulator to entire semiconductor factory

Future efforts
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Thank you

• For further information
– James Moyne:   moyne@umich.edu

– Ya-Shian Li:   ya-shian.li@nist.gov

• Acknowledgments
– NIST

– NSF Engineering Research Center for Reconfigurable 
Manufacturing Systems 

– ISMI, SEMI, and SEMI Time Synchronization Working G roup

• Questions?


