
HSPICE Tutorial – AC Simulation 

We will construct and analyze a NMOS common-source amplifier as the example for AC 
analysis. In this tutorial, we will again use the HSPICE on Engineering Workstation 
Linux computers. Other versions of HSPICE should not differ too much. 

Note: Certain portions of this tutorial were reused from other ECE HSPICE tutorials 

Quick Overview 
1. Log on to an ECE Engineering Workstation.  

 EWS info and class accounts are available at http://ews.uiuc.edu. 
 EWS Manager: manager@ews.uiuc.edu. 

2. Type ece442 at the prompt. 
 This will source the proper setup files for HSPICE, and also take you to 

your work directory with extra disk space for the class. 
3. First time only: copy the 1.5um CMOS technology model library, models15.txt, 

from the class webpage to your work directory. 
4. Open up a text editor (such as xemacs) and type in your circuit file. Save it to 

your work directory with a filename extension of CIR, e.g. csamp.cir.  
5. Run HSPICE simulation by typing e.g. hspice csamp.cir > csamp.out 

 The name of the SPICE stack file is csamp.cir 
 Textual output (errors, warnings, but also the operating point info) is 

redirected to a file called csamp.out (viewed by typing more csamp.out) 
6. Use CosmosScope to view simulation results. 

SPICE Stack 

A sample SPICE stack containing the description of a common-source amplifier in a 
1.5um process is given below: 

*AC analysis HSPICE example 
.lib 'models15.txt' MOS 
 
M1 OUT IN 0 0 NCH W=7.5u L=1.5u 
 
C1 VSIG IN 1u 
CL OUT 0 10p 
R1 VDD IN 60k 
R2 IN 0 60k 
RD VDD OUT 2k 
 
VVDD VDD 0 DC 5 
VAC VSIG 0 AC 1 
 
.AC DEC 5 1 100MEG 
.PRINT AC VDB(OUT) 
.OPTIONS LIST NODE POST 
.END 
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http://ews.uiuc.edu/


The first line of the SPICE stack is always a comment line. Therefore any statements on 
this line will be ignored. 

The .lib line includes the file models15.txt (describing the MOS transistors using Level 1 
model parameters), which is assumed to be in the current directory. 

The next line instantiates a NMOS transistor. After the transistor name (which must 
begin with M), the source, gate, drain, and bulk nodes are given. Next is the model name 
(defined inside the model file). The length and width are specified. For a 1.5um process, 
the minimum length is 1.5um.  

Decoupling capacitor C1, biasing resistors R1, R2, drain resistor RD and load 
capacitance CL are defined on next few lines. The format is as follows (first letter of 
element name indicates the type of the component, value can be left unitless): 

Element_name Node1 Node2 Value 

The VDD supply net is defined next, with DC voltage of 5 volts. 

An AC voltage source is defined between VSIG node and ground, with its AC 
magnitude being nominally 1 volt. For small signal analysis, such a large value would of 
course be prohibited, but recall that AC analysis in HSPICE is performed on a linearized 
circuit model around the DC operating point. The desired output of an AC small-signal 
analysis is usually a transfer function (voltage gain, transimpedance, etc). If the circuit 
has only one AC input, it is convenient to set that input to unity and zero phase, so that 
output variables have the same value as the transfer function of the output variable with 
respect to the input. 

.ac indicates an AC sweep of input frequency. Here the sweep is defined to produce 5 
points per decade, from 1Hz to 100MHz. 

.print declares nodes whose AC response we wish to observe, here it’s OUT node, in dB. 

.options post instructs HSPICE to write an output file ending in .ac0 containing the 
simulation waveforms. 

.end signifies the end of the SPICE stack, and is a mandatory statement. 

For more details on HSPICE input file format, please refer to the HSPICE Quick Manual. 
Also available is the Complete HSPICE Manual in PDF format.  

Important note: HSPICE is not case-sensitive, so both scale-factors 'M' and 'm' mean 
'milli-'; use 'MEG' to represent 'mega-'. 
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http://www.engr.uiuc.edu/OCEE/webcourses/ece497am/quick_hspice.html
http://courses.ece.uiuc.edu/ece482/tutorials/hspice.pdf


CosmosScope Waveform Viewer 

After performing a simulation run, several result files are created by HSPICE: 

 csamp.ic0:  Text file containing the circuit initial conditions 
 csamp.st0:  Text file containing a summary of the simulation 
 csamp.ac0:  Binary file containing AC sweep waveforms for transfer plots 
 csamp.out: Output file with initial conditions and more operating point details 

To examine operating point analysis results: 
 
From the command prompt, open csamp.ic0, the file that contains the initial conditions. 
You can use the more command to list its contents, or any text editor (e.g. xemacs). 
 
You might also wish to examine the output file, csamp.out, since it gives more details 
regarding various biasing points and small-signal parameters of the circuit. 

To examine AC analysis results: 

Type cscope, and go to File>Open>PlotFiles to view and analyze the results.  

First open the file csamp.ac0 that contains the results of AC analysis. The amplifier Plot 
File window will open up, as shown in Fig. 1.  

 
Figure 1. Using CosmosScope for AC analysis of the inverter 
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In the Plot File window, plot the transfer function from IN to OUT node, by double 
clicking vdb(out), or by selecting vdb(out) and clicking Graph.  

To measure the lower and upper 3-dB frequency, as well as the 3-dB bandwidth, use the 
Measurement Tool from the Tools menu. The dialog box has predefined measurements 
for all important frequency-domain parameters. 
 
For more details on CosmosScope, please refer to the CosmosScope User Manual. 
 
 
 

http://courses.ece.uiuc.edu/ece482/documentation/CosmosScopeRef.pdf
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