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Background

• The background of interconnect 
delay 
– Interconnect delay more roles

than gate delay
– The transport delay can’t be ignored in some cases

• MCM, global interconnect
– The increasing of system operating frequency 

• We need more accurate model with consideration 
of the transport delay!
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Background

• The techniques of interconnect delay analysis 

– Based on circuit simulation
• Accurate
• Too expensive to be used in synthesis and layout

– Based on closed form formulas 

• Elmore delay model based on RC networks 

• Kahng’s model based on RLC networks
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Background

• The summary of pervious works
– Cut into segments and replaced with lumped circuits
– Without consideration of the transport delay

• Quick look of Our works
– Iterative formulas derived from ABCD matrix 
– The transport delay is considered in our model 
– A  tactics is used to keep our model stable
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Iterative formulas based on 
ABCD matrix

• The previous works:
– The accuracy of estimation depend on

• Number of the circuit moments
• Number of segments per unit length



7

Iterative formulas based on 
ABCD matrix

• Our works

Interconnect line n

Yn,LVi
Vo

A B
C D n

⎡ ⎤
⎢ ⎥
⎣ ⎦ n,LY

n,inY

nH (S)

,

1( )n
n L

H S
A BY

=
+

,
,

,

n L
n in

n L

C D Y
Y

A B Y
+

=
+

,0

,0

cosh( ) sinh( )
sinh( ) cosh( )

n n n n n

n n n n nn

d Z dA B
Y d dC D

θ θ
θ θ

⎡ ⎤⎡ ⎤
= ⎢ ⎥⎢ ⎥

⎣ ⎦ ⎣ ⎦



8

Iterative formulas based on 
ABCD matrix

• Our works
– The interconnects on the main path between different 

nodes are described by ABCD matrix
– Each subtree is replaced by respective admittance 
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Iterative formulas based on 
ABCD matrix

• The iterative formulas
– The first two moments of admittances

– The first two moments of transfer functions

– Then, we can get the first two moments of total transfer function           
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Transport delay and stability  tactics

• Classification delay:
– The transport delay TEM

– The rise time delay TR

• When TEM and TR are 
the same order, those 
traditional lumped 
model can not match 
the curve A EMT RT
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Transport delay and stability  tactics

• New model with consideration of transport delay

• The first step: calculation of transport delay

– The transport delay of each interconnect segment on 
the main path

– Then  the  total  transport delay is  the  sum of  those 
delays 
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Transport delay and stability  tactics

• The second step: the new transfer function

– We use the formulas                   to remove the effect 
of transport delay

– Expand the numerator and denominator of new           
transfer function

– Then, the first two circuit moments of the new transfer 
function are
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Transport delay and stability  tactics

• The third step: stability tactics

– The reasons: When we use few moments to describe    
the system, actually the transfer functions are truncated 
and the new system may be instable. So some tactics   
should be used to deal with the situation. 

– We use a two-order stable model to approximate the    
new transfer function. 1
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Transport delay and stability  tactics

• The forth step: calculation of  rise time delay

– Figure out the unit step response of the new system.   
Referring to the given threshold voltage, we can obtain 
the rise time delay

– Then, the total delay of interconnect  is  the sum of        
transport delay and rise time delay !
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Experimental results 

• Experiment 1
– Table 1: delay of different 

source and load
– Table 2: delay in different 

length
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Experimental results

• Experiment 2
– Simulation of interconnect     
trees under different situations



17

Conclusions

• Our  model is a stable model. And it has the        
same accuracy with traditional models when the   
transport delay is much smaller than the rise time 
delay ;Our model is more accurate when the two 
are of the same order.
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Thank you for your attentions!
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