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Analog Electronics: An Integrated PSpice Approach

In the world of electronic design, analog circuits remain the backbone of countless devices—from simple amplifiers
to complex sensor interfaces. While digital design has its own set of tools and methodologies, analog engineers
often turn to simulation to predict performance, catch mistakes early, and optimize layouts. One of the most

powerful simulation platforms available is PSpice, a venerable SPICE (Simulation Program with Integrated Circuit
Emphasis) variant that offers a comprehensive, integrated environment for analog electronics.

This article takes you through everything you need to know about adopting an integrated PSpice approach to
analog electronics: from the fundamentals of PSpice, through the workflow of creating, simulating, and refining
circuits, to advanced techniques that push the boundaries of what simulation can achieve. Whether you're a student
learning the ropes or an experienced designer looking to streamline your process, this guide will help you harness
the full potential of PSpice in your analog design workflow.

Why PSpice? The Value of an Integrated Simulation Environment

Analog designers face a unique set of challenges: non linear components, temperature variations, noise, and
parasitic effects can all dramatically influence a circuit’'s behavior. Traditional hand calculations often fall short when

dealing with complex interactions or when exploring a wide parameter space. PSpice addresses these issues by

providing:

e Comprehensive Component Libraries—from basic resistors and capacitors to sophisticated op amps,
transistors, and mixed signal devices.

e Accurate Models—including behavioral models, noise models, and temperature-dependent parameters.

* Integrated Design, Simulation, and Analysis—you can build a schematic, run transient, AC, noise, and Monte
Carlo analyses, and view results—all within a single environment.

e Seamless Export and Integration—export simulation data to Excel, MATLAB, or other tools for deeper
analysis.

By consolidating these capabilities into one platform, PSpice reduces the friction of moving between disparate
tools, thereby accelerating the design cycle and improving reliability.

Getting Started: Setting Up Your PSpice Environment

Choosing the Right PSpice Package

PSpice is available in several versions—PSpice Designer (free), PSpice Professional (paid), and the PSpice for
Altium Designer(integrated with PCB design). For most analog projects, the free PSpice Designer is more than
sufficient, offering a robust set of features and a large library of models. However, if you require advanced
mixed signal simulation or extensive model libraries, the Professional edition may be worth the investment.

Installing and Configuring

1. Download the installer from the official Cadence website.
2. Run the installer and follow the on screen prompts. During installation, you can choose to install the default



component libraries or add custom libraries later.

3. Launch PSpice Designer and verify that the schematic capture, PCB layout, and simulation modules are
available.

4. Configure simulation settings: set the default simulation time, step size, and analysis type. These defaults
can be overridden on a per project basis.

Importing Component Libraries

While PSpice includes a wealth of components, you may need specialized devices for your design. Most
manufacturers provide PSpice-compatible models in the form of .lib files. To add a new library:

1. Place the .lib file in the lib\\cmp directory of your PSpice installation.
2. In the schematic editor, right click the library browser and choose Refresh.
3. The new components should now appear in the library list.

Building Your First Analog Circuit

Case Study: Designing a Low Noise Amplifier (LNA)

Let's walk through a typical analog design project—a low noise amplifier for a radio frequency (RF) front end. The
goal is to achieve a gain of 20 dB while maintaining an input noise figure below 3 dB. The steps below illustrate how

to model, simulate, and refine the design using an integrated PSpice approach.

1. Drafting the Schematic

Open a new project and start a schematic. Place the following components:

« Input coupling capacitor (C1)

 Biasing resistors (R1, R2)

e Operational amplifier (op amp)

¢ Feedback network (R3, C2)

¢ Output coupling capacitor (C3)
Use the Component tool to search for each part. For the op amp, select a low noise model such as tt@PA627
from the library. Connect the components as per the conventional LNA topology.

2. Defining Component Parameters

Double click each component to open its properties dialog. Set realistic values based on the datasheet:

e C1 =10 /pF (input coupling)

« R1=10/k’A#' O 630 (biasing)
* R3=1/k:’ T eedback resistor)

e C2 =10 /pF (feedback capacitor)
e C3 =100 /pF (output coupling)

For the op amp, set the supply voltage to £15 /V and enable the noise model if available.

3. Setting Up the Simulation

Open the Simulation Profilewindow. Create a new profile named “LNA Analysis” and configure the following
analyses:

¢ AC Sweep—Ilog log sweep from 10 /kHz to 100 /MHz to evaluate gain and phase.
« Noise Analysis—calculate input referred noise over the same frequency range.
e Transient Analysis—simulate a 1 /ps input pulse to check stability.



* Monte Carlo Analysis—run 1000 iterations with component tolerances (5% for resistors, £10% for
capacitors) to assess variability.

Save the profile and close the window.

4. Running the Simulation

Click the Run button. PSpice will parse the schematic, generate the netlist, and execute the analyses. Once
complete, the Results window will display the plots.

5. Interpreting the Results

Key metrics to examine:

¢ Gain—the magnitude of the AC sweep should stay around 20 /dB across the target band.

« Noise Figure—the noise analysis should yield an input noise figure below 3 /dB.

 Stability—the transient plot should show no oscillations or overshoot.

« Monte Carlo Spread—the variation in gain and noise across iterations should be within acceptable limits.

If any metric falls short, adjust component values or add compensation networks, then re simulate.

Advanced Simulation Techniques

1. Behavioral Modeling

Sometimes a component’s behavior cannot be captured by a simple SPICE model—especially in mixed signal
designs or when modeling complex control logic. Behavioral modeling allows you to define a component’s voltage

or current as a mathematical expression using the VBEG or IBEGelements. For example, a voltage-controlled
resistor can be modeled as:

Rctrl N1 N2 {RO*(1+K*V(Vctrl))}
Where RO is the nominal resistance, K is the control coefficient, and V(Vctrl) is the controlling voltage node.

2. Noise and Distortion Analysis

Noise performance is critical in RF and audio applications. PSpice’s noise analysis computes the total output noise
and can be referred to the input. For distortion, you can use the Distortion Analysisfeature to evaluate harmonic
distortion at a specified input amplitude.

3. Temperature and Process Variation

Real world circuits operate across a range of temperatures and manufacturing process corners. PSpice allows you
to define temperature sweeps and process corners (e.g., TT, FF, SSfor MOSFETs). This is essential for robust
design.

4. Parameter Sweeps and Design Space Exploration

Parameter sweeps let you automatically vary one or more component values and observe the impact on
performance. For instance, you can sweep the feedback resistor R3 from 500 :¢ to 2 k:e in 50 :* increments to find the
optimal trade off between gain and noise.

5. Coupling PSpice with PCB Layout

After finalizing the schematic, you can export the netlist to a PCB layout tool (e.g., Altium Designer). PSpice’s
integrated environment often includes PCB layout modules, allowing you to simulate parasitics such as trace
inductance and capacitance directly. This tight coupling helps catch layout induced issues before fabrication.



Common Pitfalls and How to Avoid Them

* Model Mismatch—Using a generic component model can lead to inaccurate predictions. Always use
manufacturer provided models whenever possible.

« Ignoring Parasitics—High frequency designs are sensitive to stray capacitance and inductance. Include
realistic parasitic elements in your model.

¢ Insufficient Simulation Time—Transient analyses may miss slow settling if the simulation time is too short.
Use a time step that captures the slowest dynamics.

e Overlooking Noise Sources—Noise can be underestimated if component noise models are omitted or
disabled.

¢ Neglecting Monte Carlo—Component tolerances can drastically alter performance. Run Monte Carlo analyses
early to identify critical parameters.

Tips for an Efficient Integrated PSpice Workflow

1. Template Projects—Create a base project template with your most commonly used libraries and simulation
profiles.

2. Version Control—Use a version control system (e.g., Git) to track schematic changes and simulation results.

3. Automated Scripts—Leverage PSpice’s command line interface to run batch simulations and generate
reports automatically.

4. Result Export—Export simulation data to CSV for further analysis in MATLAB or Python.

5. Documentation—Keep a log of simulation parameters, results, and design decisions. This aids future
revisions and knowledge transfer.

Resources for Further Learning
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