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Abstract

Frequency-variant transmission line parameters are determined. Then the signal transient characterizations of
frequency~dependent multi-coupled lines are investigated. With the proposed method, an accurate signal integrity
degradation such as signal ringing (overshoot, undershoot) and crosstalk noises relevant to the switching patterns of
signals, rising / falling time(tr, tf) and line lengths is investigated. It is shown that there may be approximately 26%
discrepancy of signal transients and 260% difference of crosstalk noises between the constant RLC model and
frequency-variant RLC model in on-chip global interconnects while those of package lines are 11% and 70%, respectively.
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Fig. 2. 3 coupled transmission lines model on package.
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Fig. 10. 3 coupled interconnect lines model.
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Table 2. Transient signal characteristics for variant  Table 3. Transient signal characteristics for  variant
switching patterns of table(A). switching pattems of table1(B).
Overshoot [V] Overshoot [V]
Switching (Active line) Crosstalk [V] Switching (Active line) Crosstalk [V]
patterns Center line_ Side(right) liqe , ' patterns Center 1ine_ Side(right) 1ir}e _
SPICE FV | 23 SPICE FV | 23 SPICE FV | 22 SPICE FV | .23 SPICE FV | 23 SPICE FV | 23
RLC | [9] RLC | [%] RLC | [%] RLC | [%] RLC | [%] RLC | {%]
101 - 11220 11.046] 166 | 0.247 [0.069| 260 101 1.2521.177| 6.3 |0.282(0.162| 73.6
T11 11.399{1.109{ 26.2 | 1.345 | 1.080| 245 11 |1.448]1.306] 10.8 | 1.392{1.255| 10.9 L
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Fig. 19. Line length variation of table1(A).
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Fig. 20. Rising time(Tr) variation of table1(A)
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Table 4. Transient signal characteristics for each Table 5. Transient signal characteristics for each rising
length of table1{A). time of table1(A).
. Overshoot [V] Crosstalk [V]
QOvershoot [V] Crosstatk [V] Rising o L
. . o Time (Active line) (Quiet line)
Length (Active line) (Quiet line) e o v on
FV X FV 2.3 (Tr) SPICE . SPICE S
SPICE RLC [o] SPICE RLC o] RLC [96] RLC [9%]
5 mm 1.220 1.046 16.6 0.247 0.069 260 50 ps 1.226 1.077 138 -0.363 | 0.102 256
10mm | 1224 | 1086 | 127 | -0359 | 0111 | 225 200ps | 1108 | 1015 | 922 | 0118 | 0031 | 281
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Fig. 21. Line length variation of tablei(B).
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Table 6. Transient signal characteristics for each length of time of table1(B).
table1(B).
Rising Overshoot [V] Crosstalk [V]
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Length ctive line uiet line FV o FV o
FV QA FV X (Tr) SPICE | o/ %] SPICE | oo )
SPCE | pic | pa | STE | mic | ©a
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