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Abstract 

This document describes the Synopsys CCS Noise model for cell-level noise 
analysis. 
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1 Introduction 

CCS Noise is a new advanced current-based driver model that enables 
accurate noise analysis with results very close to SPICE simulation. It   
not only precisely models injected crosstalk noise bumps, but also allows 
more advanced analysis, such as propagated noise bumps and the driver 
weakening, without significant characterization effort. 

With CCS Noise, the noise immunity of the cells can also be obtained 
during the analysis by using the actual noise bump waveforms without 
the additional need for separate characterization. This dynamic 
computation of noise propagation and noise immunity enables noise 
library characterization to be 100 times faster than NLDM noise 
characterization. 

There are three main components to noise calculation: driver modeling, 
receiver modeling, and reduced order modeling of parasitics. The focus 
of this paper is the CCS Noise driver model; information about the 
advanced receiver modeling can be found in the CCS Timing Technical 
White Paper [1]. 

2 CCS Noise Driver Model 

Current-based driver models are necessary for very accurate crosstalk 
noise analysis. The desired cell current model for crosstalk noise analysis  
must be able to interface with arbitrary input noise waveforms and 
arbitrary coupled load interconnect networks.  

CCS Noise is an advanced current driver model that captures both static 
and transient characteristics of the cell. The static component of the CCS 
Noise model consist of a current table as a function of input and output 
voltage levels which can be provided through an efficient DC analysis 
known as a basic ViVo model (Vin/Vout). 

The key advantage of CCS Noise is that it uses several dynamic 
parameters to model the dynamic response of the cell  that  a static 
current table cannot capture. The dynamic parameters are extracted from   
transient analysis measurements that record the response of the cell to 
certain input transitions and noise bumps. 

CCS Noise can accurately model all crosstalk noise analysis effects 
including noise calculation, noise propagation, driver weakening, and 
combined noise propagation and noise injection. Here, noise calculation 
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refers to the problem of calculating an aggressor net’s injected noise 
bump, assuming the victim driver is quiet. Noise propagation refers to the 
problem of propagating a noise bump through a circuit cell, assuming 
there is no coupling in the cell output net. Combined noise propagation 
and noise injection analysis refer to the general case where there is noise 
propagation through the victim driver and noise injections by aggressors 
of the victim net.  Driver weakening can be considered as a special case 
of noise combination, where the propagated noise is very small by itself, 
but  significantly reduces the effective driving strength of the victim driver 
due to increased injected noise bump size. Extensive studies have shown 
that CCS Noise is considerably more accurate than other models for 
these crosstalk noise analysis tasks, especially because of the CCS 
Noise dynamic parameters. For example, Fig. 3 shows that propagated 
noise waveforms computed using CCS Noise match SPICE waveforms 
much better than those computed using the basic ViVo driver model 
without the dynamic parameters. 

 

The CCS Noise analysis flow can take advantage of the advanced CCS 
timing receiver model when such data are available in the library. More 
details about the CCS timing receiver model can be found in the CCS 
Timing White Paper [1].  For the purpose of noise analysis, the CCS  
timing receiver model is more accurate than single-valued min/max 
rise/fall pin capacitance because it includes the dependency of effective 
receiver pin capacitance on input transition time and receiver output load 
capacitance. Furthermore, the CCS Noise  analysis engine explicitly  
includes the varying effective input capacitance effect of victim receivers;  
no extra receiver characterization is required. 

 

Fig. 3. Waveform propagation comparison (Green curves are input waveforms; blue curves are 
SPICE output waveforms, and dashed red curves are waveforms computed using models). 

(a) Basic ViVo model (b) CCS 
NoiseCCS
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As discussed earlier, the ViVo-based current driver models best capture 
the behavior of a single channel-connected block (CCB). For complex 
circuit cells having more than one CCB, the transistor-level netlist of the 
circuit cell needs to be broken into multiple CCBs and a CCS Noise  
model for each of those CCBs.  The transistor-level netlist breaking and 
CCS Noise model parameter extraction are performed during cell 
characterization. 

 

Once characterized, CCS Noise model data are stored either on a timing 
arc or on a pin in the cell library, depending on the topology of the circuit 
netlist. For circuit cells having a single CCB for an input-output pin pair, 
one  CCS Noise model is extracted and stored on a timing arc. Such 
single-stage cells include most inverters, NAND gates, NOR gates, AOI 
gates, OAI gates, etc. For circuit cells having two subsequent CCBs, two  
CCS Noise models are stored on a timing arc. Such two-stage cells 
include most of the buffers, AND gates, OR gates, AND-OR gates, and 
OR-AND gates, etc. For circuit cells having three or more CCBs, 
including most of the flip-flops, full adders, macro blocks, etc.,  CCS 
Noise model data are stored on pins. 

 

3 CCS Noise Analysis  

Cross-coupling between a victim net and aggressor nets causes a noise 
bump on the victim net when the aggressors switch. As shown in Fig. 5, 
when  the noise bump is large enough and the propagated noise bump is 
latched by the sequential cell, it will cause a functional error by changing 
the logic value of the sequential cell. It will also increase the dynamic 
power consumption induced by noise bumps. This issue can be 
addressed by reporting potential violation sources in report_at_source 
mode. In the report_at_source mode, any noise bump that fails the noise 
immunity criteria is reported. You should fix all the reported violations to 
address all the potential violation sources. 
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Alternatively, you could fix just those  noise bumps that can propagate all 
the way to an endpoint such as the D pin of a flip-flop; this method of 
analysis is referred to as report_at_endpoint mode. 

 

 
As an example, consider the scenario shown in Fig. 6, where U4 is a 
highly noise immune cell; that is, it can tolerate a certain amount of noise 
without causing a failure. Its propagated noise is also significantly 
attenuated such that no functional error occurs in FF. In the 
report_at_source mode, the input pin of U2 would be reported as a 
violation because the noise bump exceeds the noise immunity limit. 
However, in the report_at_endpoint mode, no violation will be reported 
because the injected noise bump attenuates in a later stage and does not 
cause any functional error at the endpoint. Therefore, when users care 
only about the failures at the inputs of sequential cells, the 

U2 U3 U1 FF 

injected noise 

N1 

possible functional error at FF 
increased dynamic power consumption 
 

Fig. 5. A violation reported at the report_at_source mode. 

attenuated noise 

highly immune cell 

U2 U4 U1 FF 

injected noise 

N1 

Fig. 6. The injected noise attenuates when it propagates. 
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report_at_endpoint mode analysis can potentially report  fewer noise 
violations . 

 

Fig. 7 shows an example of the report_at_endpoint mode analysis. In this 
figure, a source of violation is the victim net N1, where the noise bump is 
created due to the cross coupling. A noise endpoint is any input pin of the 
sequential cell where the noise propagation stops; in this case, the input 
pin of FF  

 

 
 

In the report_at_endpoint mode, it may be difficult  to determine the 
violation sources just by viewing the reported violations at noise 
endpoints, such as the input pins of sequential cells.  But the violation 
sources can be found by searching backward through the fan-in logic 
cones from the violation endpoints, as shown in Figure 8. 

U2 U3 U1 FF 

violation source 
violation endpoint 

injected noise 
propagated noises 

N1 

Fig. 7. Source of violation vs. violation at an endpoint. 
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Fig. 8 shows how the violation sources can be found given the violation 
reported at the endpoint. The backward search starts from the endpoint, 
and traces the fan-in logic cone until it hits the first net where the injected 
noise exceeds the noise immunity. In this way, all possible sources of 
violations can be found. In Figure 8, the violation has occurred at the D 
pin of FF and report_at_endpoint mode reports nets N1 and N2 as the 
violation sources.  So when you fix the violations on N1 and N2, the 
violation at the endpoint will be fixed as well. 

 

4 Noise Slack Calculation 

A CMOS circuit cell can tolerate a certain amount of noise without 
causing a failure at the cell output; this characteristic is called noise 
immunity.  CCS Noise information can be used to calculate the noise 
immunity of a cell on the fly.  

 

Using  CCS Noise and the actual shape of the input noise bump, the 
noise immunity of the cell can be computed as well as the noise slack; 

U2 U4 FF 
N1 

U3 
N2 

U1 

backward searching for sources 

Fig. 8. Reporting the sources of violations in the report_at_endpoint mode analysis. 
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that is, the amount of noise height that needs to be added to the noise 
bump to cause a failure. When the noise slack is negative, it means that 
the noise bump has exceeded the noise immunity parameters for the cell. 
When the noise slack is positive, the noise bump is within the noise 
immunity parameters. 

 

5 Results 

Fig. 9 shows the results of a crosstalk noise correlation with SPICE. The 
test circuit has two aggressor nets coupled to a victim net and the victim 
net has a fan-out net for noise propagation analysis.  

Fig. 9 (b) compares CCS Noise and SPICE waveforms for a typical case. 
The difference in waveforms is barely discernable at the resolution of the 
plot. The cell driving strengths: that is, the input transition times of the 
aggressor drivers and the lengths of interconnects, have also been varied 
to cover all reasonable scenarios for accuracy correlation.  

The noise bump height correlation at point A (for noise calculation) is 
shown in Fig. 9 (c). The correlation at point B (for both noise calculation 
and propagation) is shown in Fig. 9 (d). 

 
 

Fig. 9. Comparison of CCS NoiseCCS NoiseCCS NoiseCCS Noise analysis results with SPICE. 

victim 

aggressor 

aggressor 

A B 

A B 

(a) test circuit 

(b) comparison of waveforms (c) correlation at A (d) correlation at B 
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Note that a coupled interconnect network for crosstalk noise analysis is a 
nonlinear system, therefore the law of linear superposition does not 
apply. CCS Noise enables the combined noise bump by switching all 
aggressors.  The sum of individual noise bumps may not match the total 
noise bump. 

 

Table 1 and Fig. 10 show details of static noise analysis results with 
customer designs.  

 

Table 1 shows how the pessimism is reduced in different noise analysis 
modes by counting the number of violations reported. The fourth column 
shows the number of noise bumps whose heights are higher than 40% of 
VDD. However, after the noise immunity and noise slack for those noise 
bumps are calculated, no violations are reported because the noise 
bumps do not exceed their noise immunity. Only the noise bumps whose 
noise slacks are negative are reported in the report_at_source column. 
Moreover, if you exclude any noise bumps that attenuate during their 
propagation and instead report only the noise bumps that reach the 
endpoints and cause functional errors, pessimism can be further reduced. 
These numbers are reported in the report_at_endpoint  column. As 
shown in the table, report_at_endpoint mode analysis reports fewer 
violations compared with the number of noise bumps with their heights 
greater than 40% of VDD. When the report_at_endpoint mode analysis is 
used, this pessimism reduction can save lots of time during ECO fixing 
stage, and significantly reduces the number of ECO fixing iterations. 

 
 

Table 1. Number of static noise violations in customer designs. 
Number of violations 

Design 
Number 

of gates 
Library height > 40% 

VDD 
report_at_source report_at_endpoint 

Design A 325K 90 nm 288 31 4 

Design B 71K 90 nm 353 51 12 

Design C 195K 90 nm 161 45 1 
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Fig. 10. Comparison of noise violation counts. 

6 Summary 

In this paper we have introduced the new advanced CCS Noise model 
and shown how it can be used to improve static noise analysis. CCS 
Noise provides for accurate noise calculation including the effects of 
noise propagation, so that the gate model can be characterized 
significantly faster than before. Results with various designs show that 
CCS Noise matches SPICE simulation results with excellent correlation. 
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