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Abstract - Infinisim has developed a dynamic clock analysis tool, clock edge Simulated Program with Integrated Circuit 

Emphasis (SPICE) provides accurate results at very high speed and full-chip capacity. The real-time adaptive simulation 

technology of RASER makes the simulation fast and accurate. Clock edge overcomes the limitations of Static Timing Analysis 

(STA) and provides the designer with accurate timing analysis, accurate power and leakage data, and On-Chip Variation 

(OCV) analysis. For accurate analysis of jitters in clock edges, Infinisim clock edge uses SPICE models instead of the .libs 

method. Earlier days, Prime Time (PT) was used with .libs to calculate the Jitter and delay. This investigation calculates the 

Duty Cycle Distortion (DCD) of clock sources using Infinisim clock edge. From the final observed results, it was found that the 

duty cycle is not to be varied as in the case of clock edge by synopsis prime time tool, and the results were found for only 50% 

duty cycle; hence the analysis also did not as accurate as clock edge.  

 

Keywords - Duty Cycle Distortion, Placement, and Routing (PnR), On Chip Variation, Node Based Framework (NBF), Static 

Timing Analysis, Prime Time, Infinisim Clock edge.  

 

1. Introduction  
Static timing analysis is a simulation method of 

computing the expected timing of digital circuits without the 

need to simulate the full circuit. High-performance integrated 

circuits have been traditionally characterized by the clock 

frequency they operate. Delay calculations must be 

incorporated into the inner loop of timing optimizers at 

various design phases, such as logic synthesis, layout (PnR), 

and in-place optimizations performed late in the design cycle 

[1-2]. In the latest decades, the transmission data rate has 

been hastily improved due to the fast enhancement in all 

communication methods with VLSI. The main bottleneck to 

enhancing the rate of data transmission and its lengths is 

Jitter [3]. Synopsis prime time STA tool provides a signoff 

solution for timing, Signal Integrity (SI), power, and aware 

variation analysis. Primetime deals with the interpolation 

principle to calculate the delay models of each cell [4-6]. 

Interpolation uses .lib files, which contain information like 

each cell's input transition and output capacitance. The above 

parameters calculate the delay of each cell. But in the case of 

infinisim clock edge, it uses SPICE models, in which the 

delay for each cell is calculated mathematically. At 28nm 

technology nodes and below, STA proves overly pessimistic, 

and OCV leads to unacceptably large guard banding [7-9]. 

The rest of the article is organized as section II, discussing 

the infinisim NBF flow. Section III presents the infinisim 

clock edge analysis results, and Section IV with concluding 

remarks.  

 

2. Node-Based Framework  
The framework based on the node with different 

parameters like infinisim clock edge, node-based frame 

workflow, details of duty cycle distortion, and the 

methodology adopted is as follows. 

 

2.1 Infinisim Clock Edge  

Clock edge is a high-performance SPICE simulation tool 

optimized for clock network analysis [10-12]. The tool runs 

clock network analysis by performing tracing, netlist 

annotation, test bench generation, simulation, and data post-

processing integrated into a fully-automated flow. The clock 

edge is fully integrated into the NBF flow. Reports and 

histograms of various parameters like Insertion Delay, Slew, 

Duty Cycle, and R2R check [13-15]. Clock edge provides 

accurate duty cycle information. Each clock from the whole 

circuit can be simulated separately for 45%, 50%, and 55% 

duty cycles. The functional failures of the clock at design 

speed, specific nets with duty cycle error, and specific nets 

failing to reach rail to rail power supply voltages can be 

identified [16-18].  
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2.2 Node Based Framework Flow  

The node-based framework is a technology where the 

whole circuit is divided into certain corners; the simulation 

and analysis are done at that part on behalf of the entire 

circuit. Each corner will have Cx (Standard Cell) and Mx 

(Memory Cell) voltages, temperature, and process 

conditions. In NBF, all necessary inputs are given, like lib 

files, corner files, netlist files, and constraints files, to load 

the necessary runs. Once the run is started, the flow tracer 

generates all the reports and dumps them in the particular 

directory. The run can be done for one corner and multiple 

corners as well. Fig. 1 shows the flow tracer window for a 

single corner run. Once the run is completed, the reports and 

session logs will be generated. 

 

 
Fig. 1 Node Based Framework Flow 
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2.3 Duty Cycle Distortion  

Duty cycle distortion is the major contributor to the 

deviation of the cross point of the eye diagram of a signal 

from its ideal position. This is only stated to the deviance of 

the signal relative duty cycle to its normal value. The main 

reasons for duty cycle distortion are signal sampling clock in 

DC is dissimilar, the signal decision verge level differs from 

its ideal voltage value, and the rising and falling signal edges 

are always asymmetrical. Duty cycle distortion in any block 

is the distortion of the duty cycle of the input waveform to 

the block [19, 20]. To maintain the same duty cycle of the 

input waveform in the output of the block, there is a need to 

have some delay for the rising and falling edge, and the duty 

cycle gets distorted if there is a difference in delay between 

the rising and the falling edge. The example of DCD is 

shown in Fig. 2.  

 

𝐷𝐶𝐷 = 𝑟𝑖𝑠𝑒𝑑𝑒𝑙𝑎𝑦 − 𝑓𝑎𝑙𝑙𝑑𝑒𝑙𝑎𝑦  

 

For an input waveform with a 50% duty cycle, the above 

expression can be derived to   

 

𝐷𝐶𝐷 =
𝑝𝑢𝑙𝑠𝑒 𝑤𝑖𝑡ℎ ℎ𝑖𝑔ℎ − 𝑝𝑢𝑙𝑠𝑒 𝑤𝑖𝑡ℎ 𝑙𝑜𝑤

2 ∗ 𝑝𝑒𝑟𝑖𝑜𝑑
 

 

 
Fig. 2. Duty Cycle Distortion 

 

2.4 Methodology  

In infinisim clock edge, a particular clock pulse from the whole circuit is taken, analyzed for different duty cycles of 45%, 

50%, and 55% in a particular corner. The outputs are generated both in text and jpeg format. The information given as inputs 

for the clock edge in the design shell is shown in Fig. 3.  
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Fig. 3. Inputs in Design Shell 

3. Results and Discussions  
One particular clock source is taken in a particular corner in the entire circuit. The duty cycle distortion analysis is done for 

the clock source by fixing the duty cycle as 45% and 50%, respectively.  

 

3.1 Duty Cycle Distortion 

The duty cycle percentage of all the leaf cells of a particular clock source is shown in Fig. 4. The original duty cycle of this 

clock is taken as 45%, and hence the buffers connected to the clock source should have a 45% duty cycle, and inverters will 

have a 55% duty cycle. But as the stages increase, there will be slight duty cycle variations for each cell. For buffers 40% - 

50% variations are acceptable and for inverters 50% - 60% variations are acceptable. The clock source with a 45% duty cycle 

is taken for analysis, and the duty cycle distortion for each stage is calculated, and the results are shown in Fig. 4. As the 

buffers present in the paths are very large compared to inverters, the duty cycle points are very high, between 45% to 50%. 

 

 
 

Fig. 4 DCD for 45% DC 

 

Similarly, for a clock source with a 50% duty cycle, the maximum allowable range is 45% - 55%. The simulation is done 

for the same clock source, and by fixing the duty cycle values like 50%, the analysis is done, and the results are generated, as 

shown in Fig. 5.  
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Fig. 5 DCD for 50% DC 

 

3.2 Maximum and Minimum Voltage Variations  

Here a corner with Cx and Mx voltages as 1.215V is used. Hence the maximum R2R voltage will be 1.215V, and the 

minimum voltage will be 0V. The max and min voltages violations at each stage are captured using clock edge and are shown 

in Fig. 6 and Fig. 7, respectively. The minimum of the maximum voltage and the maximum-minimum voltage can be identified 

exactly. The level at which the error is occurring also can be identified in the reports and the output diagram. The modifications 

can be made exactly hence providing accuracy.  

 

 
 

Fig. 6 Maximum Voltage Violations 
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Fig. 7 Minimum Voltage Violations 

 

The accuracy of the clock edge is very high since it uses fully SPICE simulations. The speed is optimized for multi- CPU 

for object vector cell analysis. The capacity of this simulation is high and can be used to simulate 100+ million devices. 

 

3.3 Clock Edge Timing Reports  

The timing reports of the clock source with DC 45% and 50% are shown in Table 1 and Table 2, respectively. These tables 

present the duty cycle, % duty cycle, time taken to reach maximum voltage and minimum voltage, rail to rail voltage (max and 

min), frequency of the clock source, and the direction of the pulse. From Table 1, it was observed that the maximum frequency 

of 7.33 occurred in the point of Pin 1 with 55.1% of the duty cycle. There are no major changes in maximum rail to rail voltage 

and minimum rail to rail voltage for all pinpoint levels. 

 
Table 1. Timing Reports of CS with DC 45% 

Point DC %DC 
Rising-

R2R 
Falling-R2R 

Max-R2R 

(v) 
Min-R2R(v) 

Freq. 

(GHz) 
dir 

clkin 9.57E-10 45 9.50E-12 9.50E-12 1.215 0 52.6 r 

PIN 1 9.57E-10 45 6.70E-11 6.94E-11 1.217 -0.0011 7.33 r 

PIN 2 9.60E-10 45.1 1.13E-10 9.53E-11 1.224 -0.0127 4.8 r 

PIN 3 9.58E-10 45 2.00E-10 1.93E-10 1.215 -0.0011 2.55 r 

PIN 4 9.68E-10 55.5 1.15E-10 1.01E-10 1.218 -0.0055 4.62 f 

PIN 5 9.58E-10 55.1 1.93E-10 1.85E-10 1.215 -0.0011 2.64 f 

PIN 6 9.67E-10 45.5 1.28E-10 1.11E-10 1.218 -0.0052 4.19 r 

PIN 7 9.50E-10 45.1 1.14E-10 9.59E-11 1.224 -0.0127 4.76 r 

PIN 8 9.54E-10 44.9 5.25E-11 3.77E-11 1.226 -0.1023 11.1 r 

PIN 9 9.67E-10 55.1 1.25E-10 1.13E-10 1.217 -0.0030 10.7 f 

PIN 10 9.68E-10 45.5 1.63E-10 1.40E-10 1.220 -0.0061 3.3 r 
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Similarly, from Table 2, it was observed that the maximum frequency of 7.31 has occurred in the Pinpoint of 1 with 50% 

of the duty cycle. There are also no major changes in maximum rail to rail voltage, which only falls between 1.215 to 1.226 

volts. Also, the minimum rail-to-rail voltage falls between 0 to 0.1022 volts for all pinpoint levels. 

 
Table 2. Timing Reports of CS with DC 50% 

Point DC %DC 
Rising-

R2R 
Falling-R2R 

Max-R2R 

(v) 
Min-R2R(v) 

Freq. 

(GHz) 
dir 

clkin 1.06E-09 50 9.50E-12 9.50E-12 1.215 0 52.6 r 

PIN 1 1.06E-09 50 6.73E-11 6.94E-11 1.217 -0.0013 7.31 r 

PIN 2 1.07E-09 50.1 1.13E-10 9.53E-11 1.223 -0.0125 4.8 r 

PIN 3 1.06E-09 50 2.00E-10 1.93E-10 1.216 -0.0022 2.55 f 

PIN 4 1.07E-09 50.5 1.15E-10 1.01E-10 1.218 -0.0055 4.62 f 

PIN 5 1.06E-09 50 1.93E-10 1.85E-10 1.215 -0.0011 2.64 r 

PIN 6 1.07E-09 50.5 1.28E-10 1.11E-10 1.218 -0.0052 4.2 r 

PIN 7 1.07E-09 50.1 1.14E-10 9.59E-11 1.224 -0.0127 4.76 r 

PIN 8 1.06E-09 49.9 5.25E-11 3.77E-11 1.226 -0.1022 11.1 f 

PIN 9 1.07E-09 50.5 1.25E-10 1.13E-10 1.217 -0.0030 4.21 r 

PIN 10 1.07E-09 50.5 1.63E-10 1.40E-10 1.219 -0.0062 3.3 r 

 

3.4 Final Summary Results 

The summary gives the total pins that are valid for the simulation, out of which it also gives the information on any 

incomplete or missed pin values. It also results in the overall minimum and maximum values of slew, DC, %DC, R2R 

voltages, frequency, etc. The overall summary of the whole simulation for a clock source with a 50% duty cycle is presented in 

Table 3. The results show that the duty cycle has not been varied as in the case of clock edge with synopsis prime time tool. 

Results for 50% duty cycle were only observed, and the analysis is not as accurate as clock edge. 

 
Table 3. Summary of the Entire Simulation with 50% and Duty Cycle 

Point Level 
Slew 

Rise 

Slew 

Fall 
DC %DC 

Rising-

R2R 

Falling- 

R2R 

Max-

R2R 

Min-

R2R 

Freq. 

GHz 

Valid 62564 62564 62564 62564 62564 62558 62558 62564 62564 62564 

Incomplete 0 0 0 0 0 0 0 0 0 0 

Missing 0 0 0 0 0 6 6 0 0 0 

Min_Value 0 4.25E12 3.57E12 4.44E-10 40.3 9.50E12 9.50E12 1.1441 0.04958 0.8 

Max_Value 36 2.77E10 1.58E10 6.84E-10 62.2 6.06E10 4.67E10 1.2537 0.03534 52.6 

 

4. Conclusion  
In this article, the investigation of duty cycle distortion in clock channels with infinisim clock edges was carried out. The 

simulation and results of infinisim clock edge have also been discussed.  

• The infinisim clock edge simulations are done for 28nm technology for a particular clock source.  

• The results show that the total pins are valid for the simulation, and it gives the information of any incomplete or 

missed pin values.  

• Also, the results reveal the overall maximum and minimum values of slew, DC, %DC, R2R voltages, frequency, etc. 

• In the synopsis prime time tool, the duty cycle has not been varied as in the case of clock edge. It gives only 50% duty 

cycle results, and the analysis is also not as accurate as clock edge.  

• This can also be done for all clock sources in the circuit for the betterment of simulation results without duty-cycle 

distortion.  
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