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Noise simulations are traditionally performed in the frequency domain. This method is  

very suitable and efficient for analog circuits operating in small-signal conditions, 

around  a fixed DC point, exemplified by amplifiers and filters. However, for circuits 

operating in  large-signal conditions and/or exhibiting substantial nonlinearities, the 

effect of the noise  must be analysed in the time domain. Important examples are digital 

logic gates as well  as anaog switched-capacitor circuits, mixers and oscillators.  

Industrial SPICE simulators such as Eldo® from Siemens EDA® or Virtuoso® 

Spectre® from  Cadence® offer a transient noise analysis tool. Simulating the noise in 

the time domain  requires to: (i) add individual physical noise sources in parallel with 

each noisy device (e.g.  resistors, MOS transistors,…); (ii) generate independent 

random values at each time step;  (iii) perform conventional transient simulations where 

the noise is handled as any other  electrical signal. This framework results in a high 

computation time, which further  increases when the statistical accuracy requires to 

perform many trials, and even more  when the noise analysis is combined with process 

variations analysis.  

While insightful and accurate as emulating real-world large-signal conditions for 

arbitrary  nonlinear circuits, transient noise simulations turn out to be rarely 

encountered in the  literature. The first reason is, undoubtedly, the high computation 

time mentioned above,  difficult to fit in a design schedule; the second is, possibly, a 

lack of understanding of the  specific simulation parameters. These points will be 

thoroughly addressed in this tutorial. We will describe and illustrate a robust and 

general simulation methodology, compatible  with industrial tools, with case studies 

drawn from our recent research activities: ultra low-voltage SRAM bitcells that are 

prone to noise-induced bit flip when affected by  several process variations; analog 

spiking neurons whose timing characteristics are  degraded by the combined effects of 

process variability and intrinsic noise. Finally, the  generation of physics-based random 

telegraph noise and its incorporation in SPICE simulations will be explained in the 

tutorial.  
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