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1. Introduction  

 

Silvaco TCAD tools provide accurate prediction for both process simulation and device simulation. 

This article presents a 0.35um CMOS flow from process to device via simulation tool of Silvaco 

products. The process recipes and fabrication flows are referred from University of California, 

Berkeley Micro lab open resource. The first chapter covers pure process part which use Silvaco 

process tool Athena, second chapter performs device simulation (Atlas) and displays fundamental 

device characteristics. 

 

2. process simulation 

 

Silvaco process tool (Athena) emulates standard wafer Fab flow from mask layout (GDS) to carry 

the rest consequence processes. Firstly, a GDS layout (Figure2-1) contains a pair of minimum 

feature sized (L=0, 35um, W=5.0um) NMOS and PMOS is captured and loaded (Figure2-2). 

 

Figure2-1 

 

Figure2-2 



The layout file is streamed out and loaded in Maskviews (Figure2-2), and then a proper cutline is 

generated after loading GDS format layout.  

 

Once the layout and cutline file is loaded in Athena, the following process steps (Figure2-3) are 

carried on in DeckBuild. 

 

 

Figure2-3 

 

Above detailed process steps and recipes are referred and quoted from University of California 

Berkeley Micorlab public technical report. Author slightly converted and modified few process 

steps and parameters. 

 

Some key process steps and results matches experiment measurement data. Below pages 

demonstrate a few simulation results. Figure2-4 is oxide thickness (Tox) extracted and measured 

after certain process step obtained in Athena. Simulated Tox is roughly achieved 7.45nm which is 

quite closer to experimental data (7.5nm).  

 



 

Figure2-4 

 

Each junction depth in respect to NMOS SD, PMOS SD and NWELL. (Figure2-5) 

 

 

Figure2-5 

 



 

Figure2-6 final process structure and doping profile cutline beneath gate oxide 

 

 

Figure2-7 Electron and Hole concentration table 

 

 

 



3. Device simulation 

 

Device simulation follows previous completed process structure, a special customized version 

Atlas is used due to large nodes exceed the limits of ordinary version Atlas. 

 

DC analysis 

 

Both NMOS and PMOS performed DC simulation with each biasing conditions. NMOS starts the 

ID_VG (Figure 3-1) simulation with a slight DC voltage applied at drain electrode contact 0.05V 

(VDS=0.05), the gate ramps from 0V to 4V with a step size 0.1. Substrate voltage varies from 0v 

to -3v with a step size -1v.  

 

Figure 3-1 

 

NMOS ID_VD (Figure 3-2) varies different gate voltage from 1 to 4V then ramp the drain voltage 

from 0 to 4V with a step size 0.1V.  

 

Figure 3-2 



Finally, a few DC parameters (Figure 3-3) are extracted after DC simulation for NMOS. 

 

Figure 3-3 

 

Similarly for PMOS device, ID_VG (Figure 3-4) and ID_VD (Figure 3-5) curves are simulated.  

 

 

Figure 3-4 



 

Figure 3-5 

 

 

Figure 3-6 extracted DC parameters for PMOS 

 

AC analysis 

 



Both NMOS and PMOS ramps gate voltage from 0V to 4V and -4V to 0V with an AC signal 

1MHz is applied in respect. The CV (capacitance-voltage) curve (Figure 3-7) plots relationship 

between gate and substrate region. 

 

Figure 3-7 

Additionally, a frequency domain AC simulation of S-parameters is calculated as a function of 

frequency from 10Hz to 50GHz. The S-parameters for NMOS and PMOS: S11 & S22 plain 

displays on a Smith Chart (Figure 3-8).  

 

Figure 3-8 



4. Conclusions 

 

A complete 0.35um CMOS process is fabricated and simulated in Deckbuild using Silvaco process 

tool Athena. Each simulation process step follows table process recipes and conditions; the finial 

simulated process structure then is delivered to Atlas (device simulation) for device 

characterizations. DC and AC simulation results are obtained; the simulated IV data can be 

exported to third party modeling tools for performing device modeling.     
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