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First question:
How does scaling in degp submicron effect the
qguality of signals?

Answer:

By signal propagation effects on inter connects
=» What are the (significant) effects?
=» How can we model these effects?

Second question:
What isthe impact on testing?
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2 Modeling of Interconnects

Significant effects:
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Results from inter connect effectson (digital) circuits

Transmission Dispersion Reflection
Time

Multiple
Switching




2 Modeling of Interconnects

Question:
How can we model these effects?

Answer:
Using Maxwell’s Equations

=» Telegraphers Equations:
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Types of modeling
1. Lumped element model (commonly used):
[(z) R'Az  L’Az [(z+Az)
e R
IG’AZ
C’Az ——
V(Z)! . Y V(z+Az)
L Az -
advantage: simple for use in general purpose

network analysis programs
disadvantage:  strictly speaking: wrong
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State of practice: modeling of line systems
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2 Modeling of Interconnects

2. Distributed model; e.g. WIRE:
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compar ison

wire-rc
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Examples for medium
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2 Modeling of Interconnects

2-line system, 0.18y, M5, output driven line, R = 8 kU/m

Hannover

CERN

12



Hannover
UERE

Modeling of I nterconnects

2

Examplefor high losses. comparison wire-rc
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Question:
Have inter connectsto be taken into account
for testing?
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Data (in um) obtained from Sl A-Roadm <5 w5
h5| - ~— metal 5
wl >04 | >0.3 | >0.22>0.15|>0.11 ds wa
w2, w3, w4 | 206 |:0.45]:0.33|:0.22{:0.16 h4] s metal 4
wbh >0.8 | 0.6 | >044| >0.3 | =0.22 d4 3
W
3
sl >0.5 [>0.35|>0.25|>0.18 | >0.13 h3 ] s3 N metal 3
S2,S3, 4 >0.6 | >0.45|>0.33|=>0.22|>0.16 ~
d3
s5 >20 | >15 | >1.1 | >0.75| =0.55 <« w2
hi 06 | 06 | 055 | 0.45 | 0.38 hzl T metal 2
h2, h3, h4 09 | 09 | 082 | 0.66 | 0.56 d2 e Wl
hs 12 | 12 | 11 | 09 | 077 h ] = U [ metal 1
d1 10 | 10 | 09 | 075 | 0.75 dl
d2,d3,d4,d5 | 09 | 09 | 08 | 07 | 07 6., = 10 S/m epitaxy
epitaxy 30 | 20 | 14 | 10 | 08 { ==
substrate 400 | 400 | 400 | 400 | 400 o, = 10*S/m
) — substrate
signal risetimg] 150ps | 100ps| 75ps | 55ps | 45ps
Voo 3.3V | 25V | 1.5V |1.35V | 1.2V |
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Capacitancesto ground (C’ )
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Coupling capacitances (C’ ,,) vs. technology
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Example: Interconnect system
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Occurence of additional delays and hazards
due to coupling effects on inter connects
Input signals:

1
2.0 2_ 2%
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Occurence of additional delays and hazards

| mpact on Testing
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due to coupling effects on inter connects

Output signals:
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Delay and hazardsvs. technology: Metal 1

At r 4
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Summary and conclusion

. For high losses: interconnects can be modeled

using rc-elements with capacitive coupling to the
nearest neighbouring lines.

. For low and medium losses; interconnects have to

be modeled using distributed models including
Inductances.
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Summary and conclusion (cont.)

3. Thereisastrong pattern dependancy concerning
the occurence of line delays and hazards.

™>  For the test pattern generation one has to take
INto account effects on Interconnects.
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