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1. Introduction 
 
This manual is intended to introduce VLSI designers to the Tanner Tools Pro CAD application. This 
manual does not provide an in-depth coverage of all the tools available in Tanner Tools Pro. Instead, this 
document gives a rough overview of how to design and simulate VLSI circuits with Tanner Tools Pro. 
 
When designing a layout, there are five basic steps  (see chart below): 

1. Design the schematic in S-Edit. 
2. Simulate the schematic to make sure it behaves as you expect using T-Spice. 
3. Layout the schematic in L-Edit. 
4. Perform an LVS (Layout vs Schematic) to make sure your layout is functionally the same as the 

schematic you designed in S-Edit. 
5. Simulate the extracted layout circuit, which should include the parasitic capacitances generated 

by L-Edit, using T-Spice. 
 

 
What follows is a brief overview of the steps. 
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2. Schematic Entry with S-Edit 
 
The traditional method for capturing (i.e. describing) your transistor-level or gate-level design is via the 
S-Edit schematic editor. Schematic editors provide simple, intuitive means to draw, to place and to 
connect individual components that make up your design. The resulting schematic drawing must 
accurately describe the main electrical properties of all components and their interconnections. Also 
included in the schematic is the power supply and ground connections, as well as all "pins" for the input 
and output signals of your circuit. This information is crucial for generating the corresponding netlist, 
which is used in later stages of the design. The generation of a complete circuit schematic is therefore 
the first important step of the design flow. 
 

Run S-Edit. To add parts, click Symbol Browser button: . If the Library box of the Symbol 
Browser popup window (shown below) is empty, we have to add parts libraries in order to get the 
schematic components. This is accomplished by clicking “Add Library…” in the Symbol Browser 
popup window. Libraries have .sdb extensions. Add the spice.sdb (which contains transistors and parts) 
and the pages.sdb library (which contains page labels, borders, etc. for printing and identification 
purposes). Most of the parts we’ll want are in the spice library (MOSFET_N, MOSFET_P, Vdd and 
Gnd). 
 

 
 
As an example, below is a schematic circuit. In complex designs, for avoiding excessive wiring, labels 
can be employed. When two wire ends are labeled with the same name, they are effectively connected. 

Labels are created using Node Label icon: . 
 



 
 
There are basically two ways of creating schematics: 
a) Non-Hierarchical schematic. You introduce all the circuit schematic at the same (transistor) level, 

including the required sources. This is only viable for small designs. 
b) Hierarchical schematic. If your design is very large, or if you want to reuse your design in other 

designs (e.g. a full-adder to be employed in other circuits), you should create basic blocks at a low 
level, then create symbols for them and then use these symbols as basic components at a higher 
hierarchical level of the design. It is the same concept employed in SPICE netlists with the 
.SUBCKT command. 

 
When a certain circuit design consists of smaller hierarchical components (or modules), it is usually very 
beneficial to use this approach, first identifying such modules early in the design process and then 
assigning each such module a corresponding symbol (or icon) to represent that circuit module. This step 
largely simplifies the schematic representation of the overall system. The "symbol" view of a circuit 
module is an icon that stands for the collection of all components within the module. The schematic 
capture of the circuit topology is usually followed by the creation of a symbol to represent the entire 
circuit. The shape of the icon to be used for the symbol may suggest the function of the module or 
simply a rectangular box with input and output pins. Note that this icon can now be used as the building 
block of another module, and so on, allowing the circuit designer to create a system-level design 
consisting of multiple hierarchy levels. 
 
 



3. Simulating Schematic with T-Spice 
 
After the transistor-level description of a circuit is completed using S-Edit, the electrical performance 
and the functionality of the circuit must be verified using T-Spice simulation tool. The detailed 
transistor-level simulation of your design will be the first in-depth validation of its operation; hence, it is 
extremely important to complete this step before proceeding with the subsequent design optimization 
steps. Based on simulation results, the designer usually modifies some of the device properties (such as 
transistor W/L ratio) in order to optimize the performance. 
 
The initial simulation phase also serves to detect some of the design errors that may have been created 
during the schematic entry step. It is quite common to discover errors such as a missing connection or an 
unintended crossing of two signals in the schematic. Some of these errors (e.g. floating nodes) can be 
detected even before simulation, by pressing Page|Pin Test menu. Like in other simulation 
environments, it is the netlist text file extracted from the schematic (or layout for post-layout simulation) 
that is actually simulated. 
 

Go into T-Spice by clicking the T-Spice icon: . S-Edit automatically opens up the SPICE file. 
 
We have to add and delete a few lines to get it to work with TSMC’s process technology. The following 
is a sample file. The sections we have to add are highlighted in blue. 
 

* SPICE netlist written by S-Edit Win32 6.02 
* Written on Jan 26, 2005 at 19:00:59 
 
* TSMCSCN025L49Sep03.txt defines TSMC SPICE parameters 
.include TSMCSCN025L49Sep03.txt 
 
* Define power supplies 
vvss VSS 0 0 
vvdd Vdd 0 2.5 
 
* Define input stimulation signals 
vd_bar d_bar 0 pulse(2.5 0 198n 2n 2n 198n 400n) 
vc_bar c_bar 0 pulse(2.5 0 98n 2n 2n 98n 200n) 
vb_bar b_bar 0 pulse(2.5 0 48n 2n 2n 48n 100n) 
va a 0 pulse(0 2.5 23n 2n 2n 23n 50n) 
va_bar a_bar 0 pulse(2.5 0 23n 2n 2n 23n 50n) 
 
* Type of analysis: transient, resolution = 1 ns, duration = 420 ns 
.tran 1n 420n 
 
.probe 
 
* Output input and output signals to W-Edit (waveform editor) 
.print tran v(a) v(b_bar) v(c_bar) v(d_bar) v(f) 
 
* Main circuit: contoh 
M1 f b_bar N5 VSS NMOS L=0.3u W=0.45u  
M2 f a N5 VSS NMOS L=0.3u W=0.45u  
M3 N5 d_bar N1 VSS NMOS L=0.3u W=0.45u  
M4 N1 a_bar VSS VSS NMOS L=0.3u W=0.45u  
M5 N5 c_bar VSS VSS NMOS L=0.3u W=0.45u  
M6 N3 a Vdd Vdd PMOS L=0.3u W=1.35u 
M7 f b_bar N3 Vdd PMOS L=0.3u W=1.35u 
M8 f c_bar N2 Vdd PMOS L=0.3u W=1.35u 
M9 N2 a_bar Vdd Vdd PMOS L=0.3u W=1.35u 
M10 N2 d_bar Vdd Vdd PMOS L=0.3u W=1.35u 
* End of main circuit: contoh 
.END 

 
First we have to include the SPICE model file (TSMCSCN025L49Sep03.txt); this file contains all the 
process parameters so our simulations are accurate (level 49 simulation model parameters, for 0.25 
micron TSMC process). The next highlighted section identifies what our VSS and Vdd are, defines the 



input voltages, and sets up a transient analysis. Here we have set the analysis to display 420 ns, with 
steps of 1 ns. 
 

Run the simulation by clicking  and hitting the “Start Simulation” button in the window that pops 
up. After calculating for a few seconds, we get a waveform view: 
 

 
 

 
4. Transistor Layout with L-Edit  
 
The creation of the mask layout is one of the most important steps in the full-custom (bottom-up) design 
flow, where the designer describes the detailed geometry and the relative positioning of each mask layer 
to be used in actual fabrication. The work is done through L-Edit layout editor. Physical layout design is 
very tightly linked to overall circuit performance (area, speed and power dissipation) since the physical 
structure determines the parasitic capacitances and resistances, and obviously, the silicon area that is 
used to realize a certain function. 
 
The physical (mask layout) design is an iterative process, which starts with the circuit topology and the 
initial sizing of the transistors. It is extremely important that the layout design must not violate any of 
the layout design rules of the fabrication process, in order to ensure a high probability of defect-free 
fabrication of all features described in the mask layout. It is also important to extract the netlist 
underlying the layout view, for two main purposes: 
• This allows comparing the layout with the netlist extracted from the schematic. This layout versus 

schematic (LVS) comparison ensures that the layout actually implements the required functionality. 
• The extraction function also extracts parasitics from the layout view, hence a more accurate, post-

layout simulation can be performed taking into account the geometry of the circuit. 
 
The detailed mask layout requires a very intensive and time-consuming design effort, so that automated 
tools are employed as much as possible. Typically, the design of digital circuits based on single-clock 
synchronous logic is completely automated. First, a circuit description (typically in a HDL language like 



VHDL or Verilog) is synthesized, leading to a gate-level circuit description. From this gate-level netlist, 
a “Place & Route” function within the layout editor generates the layout automatically. However, in our 
case, you have to do the layout manually. 
 
The geometries (enclosure, extension, minimum dimensions, etc.) of the objects that you created have to 
comply with a set of rules dependent on the technology, named Design Rules. Once your layout is 
completed, a Design Rule Check (DRC) is performed to enforce this point. Object dimensions can be 
checked by observing the screen coordinates or using the ruler. 
 
Once you have finished creating the layout, the next step is to add the I/O pins of your circuit. It is also 
necessary to add the Vdd and Vss (or Gnd) pins to your circuit for the purpose of verification (if you 
have used these terminals in the schematic). The I/O pin information will be employed for the extraction 
of the netlist from the layout and subsequent comparison with the schematic netlist. 
 
In L-Edit, the layout corresponding to our schematic is: 
 

 
 
As for the schematic, the layout of a complex circuit usually is performed hierarchically. First, basic 
components are created (e.g. NANDs, inverters, etc.), then instantiated in another layout at a higher 
hierarchical level. Such components are instantiated using the Cell|Instance… menu. 
 
4.1 Design Rule Check (DRC) 
 
The created mask layout must conform to a complex set of design rules, in order to ensure a lower 
probability of fabrication defects. A tool built into L-Edit, called Design Rule Checker, is used to detect 
any design rule violations during and after the mask layout design. The detected errors are displayed on 
the layout editor window as error markers, and the corresponding rule can also be displayed. The 
designer must perform DRC (in a large design, DRC is usually performed frequently – before the entire 
design is completed), and make sure that all layout errors are eventually removed from the mask layout, 
before the final design is saved. 



The MOSIS SCMOS design rules (http://www.mosis.org/Technical/Designrules/scmos) are employed. 
The Scalable CMOS (SCMOS) rules are a common set of rules widely supported by MOSIS that intend 
to simplify and unify the layout design and verification process. Circuit geometries (and layout rules) are 
specified in lambda-based methodology. The unit of measurement, lambda, can easily be scaled to 
different fabrication processes. 
 
 
5. Performing Layout vs Schematic (LVS) 
 
Once the layout fulfills all the design rules, the next verification step follows. The netlist behind the 
layout view is extracted and compared to that of the schematic view. This is the Layout Versus 
Schematic (LVS) check. 
 
Circuit extraction is performed after the mask layout design is completed, in order to create a detailed 
netlist (or circuit description) for the LVS and the simulation tool. The circuit extractor is capable of 
identifying the individual transistors and their interconnections (on various layers), as well as the 
parasitic resistances and capacitances that are inevitably present between these layers. Thus, the 
"extracted netlist" can provide a very accurate estimation of the actual device dimensions and device 
parasitics that ultimately determine the circuit performance. The extracted netlist file and parameters are 
subsequently used in Layout-versus-Schematic comparison and in detailed transistor-level simulations 
(post-layout simulation). 
 
To extract a SPICE file for the layout, click Tools|Extract…. In the pop up box, the extract definition file 
should be mtsmcn025.ext. Name your SPICE extract output file. Next go to the Output tab and choose the 
options shown below. 
 

 
 
After hitting run, a SPICE file is generated. The SPICE file is: 
 



* Circuit Extracted by Tanner Research's L-Edit V8. 11 / Extract V8.11 ; 
* TDB File:  C:\temp\contoh\layout\contoh.tdb 
* Cell:  contoh Version 1.43 
* Extract Definition File:  D:\Pro\Tanner EDA\L-Edi t 
Pro\tech\mosis\mtsmcn025.ext 
* Extract Date and Time:  02/21/2006 - 14:17 
 
Cpar1 f 0 8.646585f 
Cpar2 2 0 9.87276f 
Cpar3 3 0 8.612655f 
Cpar4 vdd 0 11.92887f 
Cpar5 vss 0 6.855825f 
Cpar6 6 0 2.3028f 
Cpar7 10 0 4.72974f 
 
M1 f c_bar 3 vdd PMOS L=300n W=1.35u AD=810f PD=2.5 5u AS=810f PS=2.55u  
M2 10 b_bar f vdd PMOS L=300n W=1.35u AD=810f PD=2. 55u AS=810f PS=2.55u  
M3 3 a_bar vdd vdd PMOS L=300n W=1.35u AD=810f PD=2 .55u AS=945f PS=2.85u  
M4 vdd a 10 vdd PMOS L=300n W=1.35u AD=1.215p PD=4. 5u AS=810f PS=2.55u  
M5 vdd d_bar 3 vdd PMOS L=300n W=1.35u AD=945f PD=2 .85u AS=1.215p PS=4.5u  
M6 2 c_bar vss vss NMOS L=300n W=450n AD=472.5f PD= 2.1u AS=607.5f PS=2.4u  
M7 f b_bar 2 vss NMOS L=300n W=450n AD=472.5f PD=2. 1u AS=472.5f PS=2.1u  
M8 vss a_bar 6 vss NMOS L=300n W=450n AD=607.5f PD= 2.4u AS=270f PS=1.65u  
M9 2 a f vss NMOS L=300n W=450n AD=877.5f PD=3.9u A S=472.5f PS=2.1u  
M10 6 d_bar 2 vss NMOS L=300n W=450n AD=270f PD=1.6 5u AS=877.5f PS=3.9u  
 
* Total Nodes: 12 
* Total Elements: 17 
* Total Number of Shorted Elements not written to t he SPICE file: 2 
* Extract Elapsed Time: 0 seconds 
.END 

 
The LVS tool will compare the schematic network with the one extracted from the mask layout, and 
prove that the two networks are indeed equivalent. The LVS step provides an additional level of 
confidence for the integrity of the design, and ensures that the mask layout is a correct realization of the 
intended circuit topology. Note that the LVS check only guarantees topological match. A successful 
LVS will not guarantee that the extracted circuit will actually satisfy the performance requirements. Any 
errors that may show up during LVS (such as unintended connections between transistors, or missing 
connections/devices, etc.) should be corrected in the mask layout – before proceeding to post-layout 
simulation. Also note that the extraction step must be repeated every time you modify the mask layout. 
 
Run LVS from the Start menu. Go to File|New… and pick LVS setup from the dialog box that opens. 
This opens up a new box; enter the SPICE files generated by both your layout and the schematic. There 

are some options you can mess with (see below). Hit the  button to compare the two SPICE files. 
 

 
 
When comparing the two netlists, make sure the layout extraction didn’t generate the parasitic 
capacitances when generating its SPICE file. Once you know they are the same, re-generate the SPICE 



file from the layout with the parasitic capacitance option turned on and simulate this file, which includes 
parasitic capacitances.  
 
 
6. Post-Layout Simulation 
 
The electrical performance of a full-custom design can be best analyzed by performing a post-layout 
simulation on the extracted circuit netlist. At this point, the designer should have a complete mask layout 
of the intended circuit/system, and should have passed the DRC and LVS steps with no violations. The 
detailed (transistor-level) simulation performed using the extracted netlist will provide a clear 
assessment of the circuit speed, the influence of circuit parasitics (such as parasitic capacitances and 
resistances), and any glitches that may occur due to signal delay mismatches. 
 
If the results of post-layout simulation are not satisfactory, the designer should modify some of the 
transistor dimensions and/or the circuit topology, in order to achieve the desired circuit performance 
under "realistic" conditions, i.e. taking into account all of the circuit parasitics. This may require 
multiple iterations on the design, until the post-layout simulation results satisfy the original design 
requirements. 
 
Finally, note that a satisfactory result in post-layout simulation is still no guarantee for a completely 
successful product; the actual performance of the chip can only be verified by testing the fabricated 
prototype. Even though the parasitic extraction step is used to identify the realistic circuit conditions to a 
large degree from the actual mask layout, most of the extraction routines and the simulation models used 
in modern design tools have inevitable numerical limitations. This should always be one of the main 
design considerations, from the very beginning. 
 
To simulate the extracted circuit, we must first manually add simulation data (shown in blue hightlight) 
to the extracted file produced by L-Edit: 
 



 

Prepared by: Nasir Shaikh Husin Jan. 2008 

* Circuit Extracted by Tanner Research's L-Edit V8. 11 / Extract V8.11 ; 
* TDB File:  C:\temp\contoh\layout\contoh.tdb 
* Cell:  contoh Version 1.43 
* Extract Definition File:  D:\Pro\Tanner EDA\L-Edi t 
Pro\tech\mosis\mtsmcn025.ext 
* Extract Date and Time:  02/21/2006 - 14:17 
 
Cpar1 f 0 8.646585f 
Cpar2 2 0 9.87276f 
Cpar3 3 0 8.612655f 
Cpar4 vdd 0 11.92887f 
Cpar5 vss 0 6.855825f 
Cpar6 6 0 2.3028f 
Cpar7 10 0 4.72974f 
 
M1 f c_bar 3 vdd PMOS L=300n W=1.35u AD=810f PD=2.5 5u AS=810f PS=2.55u  
M2 10 b_bar f vdd PMOS L=300n W=1.35u AD=810f PD=2. 55u AS=810f PS=2.55u  
M3 3 a_bar vdd vdd PMOS L=300n W=1.35u AD=810f PD=2 .55u AS=945f PS=2.85u  
M4 vdd a 10 vdd PMOS L=300n W=1.35u AD=1.215p PD=4. 5u AS=810f PS=2.55u  
M5 vdd d_bar 3 vdd PMOS L=300n W=1.35u AD=945f PD=2 .85u AS=1.215p PS=4.5u  
M6 2 c_bar vss vss NMOS L=300n W=450n AD=472.5f PD= 2.1u AS=607.5f PS=2.4u  
M7 f b_bar 2 vss NMOS L=300n W=450n AD=472.5f PD=2. 1u AS=472.5f PS=2.1u  
M8 vss a_bar 6 vss NMOS L=300n W=450n AD=607.5f PD= 2.4u AS=270f PS=1.65u  
M9 2 a f vss NMOS L=300n W=450n AD=877.5f PD=3.9u A S=472.5f PS=2.1u  
M10 6 d_bar 2 vss NMOS L=300n W=450n AD=270f PD=1.6 5u AS=877.5f PS=3.9u  
 
* Define power supplies 
vvss vss 0 0 
vvdd vdd 0 2.5 
 
* Define input stimulation signals 
vd_bar d_bar 0 pulse(2.5 0 198n 2n 2n 198n 400n) 
vc_bar c_bar 0 pulse(2.5 0 98n 2n 2n 98n 200n) 
vb_bar b_bar 0 pulse(2.5 0 48n 2n 2n 48n 100n) 
va a 0 pulse(0 2.5 23n 2n 2n 23n 50n) 
va_bar a_bar 0 pulse(2.5 0 23n 2n 2n 23n 50n) 
 
* Type of analysis: transient, resolution = 1 ns, d uration = 420 ns 
.tran 1n 420n 
 
.probe 
 
* Output input and output signals to W-Edit (wavefo rm editor) 
.print tran v(a) v(b_bar) v(c_bar) v(d_bar) v(f) 
 
* TSMCSCN025L49Sep03.txt defines TSMC SPICE paramet ers 
.include TSMCSCN025L49Sep03.txt 
 
.END 

 

Just as before (in the schematic simulation) we click the  button and our simulation runs. 


