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I. INTRODUCTION
Delay calculation is the term used in integrated circuit design for the calculation of the gate delay of a single logic gate and the wires attached to it. Static timing analysis computes the delays of entire paths, using delay calculation to determine the delay of each gate and wire.

There are many methods used for delay calculation for the gate itself. The choice depends primarily on the speed and accuracy required.Circuit simulators such as SPICE may be used. This is the most accurate, but slowest, method. Two dimensional tables are commonly used in applications such as logic synthesis, placement and routing. These tables take an output load and input slope, and generate a circuit delay and output slope. A very simple model called the K-factor model is sometimes used. This approximates the delay as a constant plus k times the load capacitance. A more complex model called Delay Calculation Language, or DCL, calls a user-defined program whenever a delay value is required. This allows arbitrarily complex models to be represented, but raises significant software engineering issues. Logical effort provides a simple delay calculation that accounts for gate sizing and is analytically tractable.

II. INTERCONNECT DELAY MODELING
Delays on signals due to wires is significant. Modern designs must meet timing specifications which the layout tools must guarantee. This timing issue is taken care by making the layout area small, making the clusters close together, making the wires shorter. All these methods do not guarantee that the timing specifications are met. In order to accurately predict the interconnect delay, delay is modeled. there are many ways to calculate the delay of a wire. The delay of a wire will normally be different to each destination.
Model 1:

Delay=finite speed signal propagation through physical wires. Here delay is considered to be proportional to length. This model is really easy but not quantitatively accurate.

 Model 2:

This is a wire load model is which the delay is considered to be affected by circuit drive limitations. Wire load modeling allows you to estimate the effect of wire length and fan-out on the resistance, capacitance, and area of nets. Design Compiler uses these physical values to calculate wire delays and circuit speeds. Semiconductor vendors develop wire load models, based on statistical information specific to the vendors' process. The models include coefficients for area, capacitance, and resistance per unit length, and a fanout-to-length table for estimating net lengths (the number of fanouts determines a nominal length).
Wire load models estimate the effect of wire length on design performance. It should be speicfied when define the design environment.
Model 3:

This is a Lumped electrical parameter model. The entire wire capacitance is applied to the gate output, and the delay through the wire itself is ignored.
Model 4:
The Elmore delay is an extremely popular delay metric, particularly for RC tree analysis. The widespread usage of this metric is mainly attributable to it being the most accurate delay measure that is a simple analytical function of the circuit parameters. The only drawbacks to this delay metric are the uncertainty as to whether it is an optimistic or a pessimistic estimate, and the restriction to step response delay estimation.
Model 5:

Moment matching is a more sophisticated analytical method. It can be thought of as either matching multiple moments in the time domain, or finding a good rational approximation (a Pade approximation) in the frequency domain. (These are very closely related - see Laplace transform.) It can also be thought of as a generalization of Elmore delay, which matches the first moment in the time domain (or computes a one-pole approximation in the frequency domain - they are equivalent). The first use of this technique, AWE, used explicit moment matching. Newer methods such as PRIMA and PVL use implicit moment matching, based on Krylov subspaces. These methods are slower than Elmore but more accurate. Compared to circuit simulation they are faster but less accurate.
III.        TOOLS USED:
Tools that were used for the completion of this project were   Design Architect and Eldo. 
Design architect was used to generate a schematic which is then used to do the power analysis using Eldo. Vectors required to simulate the circuit were provided during the simulation. These vectors along with the 180nm technology file were given as inputs to Eldo which gave the output voltages at the eight nodes consisdered.
IV. RC CIRCUITS:
RC trees are commonly used to model digital logic gates and their associated interconnect paths at various stages of the design process. During the early phases of design, simple approximations or delay bounds are often applied since exact solution of an approximate or fluctuating circuit model is superfluous.
Working of a simple RC circuit is explained below:
When an increasing DC voltage is applied to a Capacitor the capacitor draws a charging current and "charges up", and when the voltage is reduced, the capacitor discharges. Because capacitors store electrical energy they act like small batteries and are able to store or release the energy as required. This charging (storage) and discharging (release) of a capacitors energy is never instant but takes a certain amount of time to occur with the time taken for the capacitor to charge or discharge to within a certain percentage of its maximum supply value being known as its Time Constant (τ).
If a resistor is connected in series with the capacitor forming a RC charging circuit, the capacitor will then charge up gradually through the resistor until the voltage across the capacitor reaches that of the supply voltage. The time required for this to occur is equivalent to about 5 time constants or 5T. This time constant T, is measured by τ = R x C, in seconds, where R is the value of the resistor in ohms and C is the value of the capacitor in Farads. This then forms the basis of an RC charging circuit where 5T can also be thought of as 5 x RC.

V. ELMORE DELAY :
Elmore delay is a simple approximation, often used where speed of calculation is important but the delay through the wire itself cannot be ignored. It uses the R and C values of the wire segments in a simple calculation. The delay of each wire segment is the R of that segment times the C. Then all delays are summed from the root. (This assumes the network is tree structured, true of most nets in chips. In this case the Elmore delay can be calculated in time with two tree traversals. If the network is not tree structured the Elmore delay can still be computed, but involves matrix calculations.)
 Calculating the Elmore Delay:

The Elmore delay is a fitting metric for RC trees.



 N
Delay at node k= 0.69
 Σ   Cj × Rjk 


   
j=1

where N = number of capacitive nodes in the network. where Rjk is the resistance of the portion of the (unique) path between the input and node j, that is common with the (unique) path between the input and node k, and Cj is the capacitance at node k
Example:

Delay at node 5= 0.69[R1C1+ R1 C2 + (R1+R3)C3 + (R1+R3)C4+ (R1+R3+R5)C5.
VI. CIRCUIT DIAGRAM AND RESULTS:
A simple RC Circuit shown below was drawn using design architect fig 1.1.
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Fig 1.1
The above circuit was simulated using ELDO and the output voltage at the eight capacitive nodes was observed.

The difference in the points (at which the capacitor charges up to 63% of its final value) for src and different output nodes(ou1,out2..out8) is found out  and compared to the theoretically calculated value. The output voltage at the eight nodes for an input with specific rise time is shown below:
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Fig 1.2
A pulse input was given to the source whose specifications are as follows:
Technology:   180nm

Operating voltage: 1.8V

Transient analysis: 0ns-100ns

Src:                             

Initial: 0                            

Pulsed: 1.8V                      

Rise time: 0.1n.0.5n,1n,1.5n              

 Pulse width: 10ns.          

Table 1.1 shows the results for varying rise times for rising edge and table 1.2 shows the results for varying rise times for falling edge.        

	Rise time
	Out1
	Out2
	Out3
	Out4
	Out5
	Out6
	Out7
	Out8

	0.1
	0.570
	1.140
	1.26
	1.38
	1.50
	1.47
	1.26
	1.38

	0.5
	0.570
	1.140
	1.25
	1.38
	1.51
	1.01
	1.25
	1.378

	1
	0.589
	1.12
	1.25
	1.40
	1.51
	1.01
	1.25
	1.37

	1.5
	0.563
	1.14
	1.26
	1.38
	1.5
	1.007
	1.26
	1.38

	Expected
	0.552
	0.828
	0.897
	0.966
	1.035
	1.10
	0.897
	0.966

	Error(w.r.t 0.1ns rise time)%
	3.2
	37
	40.4
	42.8
	44.9
	27
	40.4
	42.8






Table 1.1  (ns)
	Rise time
	Out1
	Out2
	Out3
	Out4
	Out5
	Out6
	Out7
	Out8

	0.1
	0.328
	0.640
	0.746
	0.845
	0.943
	0.570
	0.760
	0.866

	0.5
	0.319
	0.631
	0.735
	0.828
	0.931
	0.559
	0.750
	0.852

	1
	0.320
	0.628
	0.736
	0.818
	0.890
	0.550
	0.752
	0.852

	1.5
	0.328
	0.640
	0.749
	0.842
	0.949
	0.570
	0.763
	0.870

	Expected
	0.552
	0.828
	0.897
	0.966
	1.035
	0.759
	0.897
	0.966

	Error(w.r.t 0.1ns rise time)
	40.57
	22.7
	16.8
	12.5
	8.8
	24.9
	18.02
	10.35






Table 1.2    (ns)
VII. CONCLUSIONS:
The theoritically calculated value differed from the  practically observed value by 45% at the most.The elmore delay was observed to be unaffected by the varying rise times at the src as shown above(the delays in the four cases for different rise times is constant).
                    REFERENCES:
[1] Class lecture slides at  http://www.eng.auburn.edu/~agrawvd/COURSE/E7770_Spr10/course.html































































