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* The background of interconnect )
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— Interconnect delay more roles
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than gate delay

Generation (nm)
— The transport delay can’t be ignored in some cases
« MCM, global interconnect

— The increasing of system operating frequency

e \WWe need more accurate model with consideration
of the transport delay!



Background

* The techniques of interconnect delay analysis

— Based on circuit simulation
e 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



Background

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

e Quick look of Our works
— lterative formulas derived from ABCD matrix
— The transport delay is considered in our model
— A tactics is used to keep our model stable



Iterative formulas based on
ABCD matrix

e The previous works:

— The accuracy of estimation depend on
* Number of the circuit moments
* Number of segments per unit length Rs
— 1




lterative formulas based on
ABCD matrix

e Our works
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Iterative formulas based on
ABCD matrix
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e 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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lterative formulas based on
ABCD matrix

e The iterative formulas
— The first two moments of admittances
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— The first two moments of transfer functions
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— 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 Tewm
— The rise time delay Tr

e When Tem and Tr are

the same order, those
traditional lumped
model can not match
the curve A
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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 1, =/LC,

— Then the total transport delay is the sum of those
delays T, =3,
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Transport delay and stability tactics
* The second step: the new transfer function

— We use the formulas H'()=H (5" to remove the effect
of transport delay

— Expand the numerator and denominator of new

transfer function - (s)= Ltk +ks* +o(s)
1+hs+h,s® +o0(s?)

— Then, the first two circuit moments of the new transfer
function are M, =h -k M, =k, -k, +h?-h,
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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. H( 1+as
app

~1+bs+b,s?

MZ
where  a=1* b=M+tz  b=M
1 M, 13



Transport delay and stability tactics
e 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

TABLEI
50% delay of different source and load

. Spice Delay Model
* EX p e rl m e nt 1 Source Load Kahng New Model

. R, L., C; /ps e Eror T, Error
— Table 1: delay of different o w1 4r ps Mo s %
40 246 0176 339 399 A 363 07
source and |Oad 50 246 0176 389 441 40.6
75 246 0176 519 548 52
. : . 40 246 176 130 133 130.7
— Table 2: delay in different 5 i 176 s 1 bor/ 1ss7
75 246 176 184 187 163/ 1847
Iength TABLET
50% delay in different length
i Spice Delay Model/ps
Kahng New Model
. o ) T Etror T T, T
Rs LS Transmission line o o o5 e s s s s
MYV |__|_ 01 708 71 @ 066 641 7.07
Vi Ct 0.5 105 113 7 320 755 108
) 1 149 17 658 932 159
b I 1.5 199 231 087 115 214
2 244 205 132 142 272
25 316 366 164 173 337
3 383 44.1 19.7 189 406
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Experimental results

e EXperiment

— Simulation of interconnect
trees under different situations
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TABLEII
50% delay of inferconnect trees

Cond. ~ node  Spice Delay Model /ps

/mm /pS Kahng New Model
-,I:d Tf TR T.‘ota'.

Condl 4 120 16 13.2 103.1
5 133 137 19.7 115
0 150 163 2.9 119
7 130 129 19.7 100
) 130 129 190.7 109

Cond2 4 179 ' 2.9 154
5 180 26.3 163
6 194 394 167
7 175 20.3 158
8 175 26.3 158
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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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