Contents

1 Imtroduction ............ ... . . ... . . ...
1.1 Overview of Electromigration. . ... ....................
1.2 Modeling of Electromigration . . ... ....................
1.3 Organization of the Book . . . .........................
L4 Summary . ... ... e

References

3D Circuit Model Construction and Simulation. . . . ... ... .....

2.1 Introduction . .............. . ...
2.2 Layout Extraction and 3D Model Construction . . . ..........
2.3 Transient Electro-Thermo-Structural Simulations

and Atomic Flux Divergence Computation. . . .. ...........

2.3.1
232
233
234

Transient Thermal-Electric Analysis . . .............
Transient Structural-Thermal Analysis. . ............
Application of Submodeling. . ... ................
Computation of Atomic Flux Divergences . .. ........

2.4 Simulation Results and Discussions. . . . .................

24.1
242

243

244

245

Current Density and Temperature Distributions . . . . ...
Transient Temperature Variation During

Circuit Operation . .. ............viuienenon..
Effect of the Substrate Dimension on the Circuit
Temperature. . .. ...... ... .. .. .
Transient Thermo-mechanical Stress Variation During
Circuit Operation . .. .......... ...t ..
Distributions of the Atomic Flux Divergences . .......

2.5 Effects of Barrier Thickness and Low-x Dielectric
on Circuit EM Reliability. . . .......... ... ... ... ... ...
2.6 SUMMAry . ... ...

References

& N N S

~N

12
12
20
22
23
28
28

31

33

34
35

40

44
45

vii


http://dx.doi.org/10.1007/978-981-4451-21-5_1
http://dx.doi.org/10.1007/978-981-4451-21-5_1
http://dx.doi.org/10.1007/978-981-4451-21-5_1#Sec1
http://dx.doi.org/10.1007/978-981-4451-21-5_1#Sec1
http://dx.doi.org/10.1007/978-981-4451-21-5_1#Sec2
http://dx.doi.org/10.1007/978-981-4451-21-5_1#Sec2
http://dx.doi.org/10.1007/978-981-4451-21-5_1#Sec3
http://dx.doi.org/10.1007/978-981-4451-21-5_1#Sec3
http://dx.doi.org/10.1007/978-981-4451-21-5_1#Sec4
http://dx.doi.org/10.1007/978-981-4451-21-5_1#Sec4
http://dx.doi.org/10.1007/978-981-4451-21-5_1#Bib1
http://dx.doi.org/10.1007/978-981-4451-21-5_2
http://dx.doi.org/10.1007/978-981-4451-21-5_2
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec1
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec1
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec2
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec2
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec3
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec3
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec3
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec4
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec4
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec8
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec8
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec11
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec11
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec12
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec12
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec13
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec13
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec14
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec14
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec15
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec15
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec15
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec16
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec16
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec16
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec17
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec17
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec17
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec18
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec18
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec19
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec19
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec19
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec20
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Sec20
http://dx.doi.org/10.1007/978-981-4451-21-5_2#Bib1

viii

3

Contents

Comparison of EM Performances in Circuit

and Test Structures . . . .............. ... ... .. 49
3.1 Introduction . ......... ... ... ... 49
3.2 Model Construction and Simulation Setup . ............... 49
3.3 Distributions of Atomic Flux Divergences Under Different

Operation ConditionsS . . . .. ... .ottt 52
3.4 Effects of Interconnect Structures on Circuit EM Reliability. ... 63
3.5 Effects of Transistor Finger Number on Circuit

EM Reliability . ......... .. ... .. 68
3.6 SUMmMAry . .. oot e 73
References . . . ... .. .. 74
Interconnect EM Reliability Modeling at Circuit Layout Level . .. 75
4.1 Introduction . ............. ...t 75
4.2 Model Construction and Simulation Setup . . .............. 75
4.3 Distributions of Atomic Flux Divergences . ............... 79

4.3.1 Total AFD Distribution of the Full Model . . . ... ..... 79

4.3.2 Total AFD Distribution of the Sub-model . .......... 84
4.4 Effects of Layout and Process Parameterson Circuit

EM Reliability .. ........ .. ... . ... 88

4.4.1 Line Width and Degree of Turning. . .............. 89

4.4.2 Transistor Orientation . . .. ..................... 91

4.43 Inter-Transistor Distance .. ..................... 93

4.4.4 Stress-Free Temperature of the Metallization . . . ... ... 97
45 Summary . ... 97
References . .. ... ... ... . .. 98
Concluding Remarks . .. ........ ... ... ... ... ... ......... 101
5.1 Conclusions . . ....... ... 101
5.2 Recommendations for Future Work . . ... ... ... ... .. .... 103

References . . .. ... . e 103


http://dx.doi.org/10.1007/978-981-4451-21-5_3
http://dx.doi.org/10.1007/978-981-4451-21-5_3
http://dx.doi.org/10.1007/978-981-4451-21-5_3
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec1
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec1
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec2
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec2
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec3
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec3
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec3
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec4
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec4
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec5
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec5
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec5
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec6
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Sec6
http://dx.doi.org/10.1007/978-981-4451-21-5_3#Bib1
http://dx.doi.org/10.1007/978-981-4451-21-5_4
http://dx.doi.org/10.1007/978-981-4451-21-5_4
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec1
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec1
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec2
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec2
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec3
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec3
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec4
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec4
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec5
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec5
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec6
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec6
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec6
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec7
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec7
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec8
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec8
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec9
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec9
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec10
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec10
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec11
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Sec11
http://dx.doi.org/10.1007/978-981-4451-21-5_4#Bib1
http://dx.doi.org/10.1007/978-981-4451-21-5_5
http://dx.doi.org/10.1007/978-981-4451-21-5_5
http://dx.doi.org/10.1007/978-981-4451-21-5_5#Sec1
http://dx.doi.org/10.1007/978-981-4451-21-5_5#Sec1
http://dx.doi.org/10.1007/978-981-4451-21-5_5#Sec2
http://dx.doi.org/10.1007/978-981-4451-21-5_5#Sec2
http://dx.doi.org/10.1007/978-981-4451-21-5_5#Bib1

2 Springer
http://www.springer.com/978-981-4451-20-8

Electromigration Modeling at Circuit Layout Level
Tan, C.M.; He, F,

2013, IX, 103 p. 75 illus., 2 illus. in color., Softcover
ISBEN: 278-981-445]1-20-8



	Contents



