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Ideal operational amplifier tutorial outline

Introduction:

In the voltage divider tutorial that you already completed, you learned the fundamentals of Simscape
and Simulink by building a simple circuit. This tutorial will review these concepts while introducing the
Simulink scope and its uses. In this tutorial you will build two different operational amplifier
configurations, inverting and non-inverting.

Getting started:

e Open Simulink and start a new model. Save this model.

e Drag and drop an Electrical Reference and solver configuration into the model and connect them.

e Change the solver by accessing ‘configuration parameters’ in the ‘simulation’ drop down menu.
The parameters should look as they do in Figure 1.

Configuration Parameters: » '. X .|p
Select: Simulation time -
[Boher Start time: 0.0 Stop time: 10.0 \
i~Data Import/Export
T O_ptlmlza.tlon Solver options
+-Diagnostics
-~Hardware Implementation | Type: Variable-step ¥ | Solver: {odeZBt (mod. stiff/Trapezoid v
i~Model Referencing . _
+-Simulation Target Max step size: 3 Relative tolerance: 1e-3
+-Code Generation Min step size: auto Absolute tolerance: auto
[#-HDL Code Generation
+-Simscape Initial step size: auto Shape preservation: | Disable all >
Solver reset method: |Fast ']
Number of consecutive min steps: 1 3
Solver Jacobian method: [auto N
Tasking and sample time options
Tasking mode for periodic sample times: Auto
[7] Automatically handle rate transition for data transfer
[”] Higher priority value indicates higher task priority
Zero-crossing options
Zero-crossing control: [Use local settings v] Algorithm: Nonadaptive v
Time tolerance: 10*128%eps Signal threshold: |auto
Number of consecutive zero crossings: 1000
28| i —
J [ OK ] [ Cancel l [ Help Apply

Figure 1: Configuration Parameters

Building the circuit:

o Drag in a Finite Gain Op-Amp (Simscape—>SimElectronics—> Integrated Circuits). NOTE- this
is not the same as the other two op-amps.
o You can make the block bigger by dragging the corner of the block
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o Set the values as shown in Figure 2.

s T ,w
_E] Block Parameters: Finite Gain Op-Amp2 L ®
Finite Gain Op-Amp
This block models a gain-limited op-amp. If the voltages at the positive and negative pins are denoted Vp and
Vm, then the output voltage is given by Vout = A*(Vp-Vm)-Tout*Rout where A is the gain, Rout is the output
resistance and Iout is the output current. The input current is given by (Vp-Vm)/Rin where Rin is the input
resistance. The output voltage is limited by the minimum and maximum values Vmin and Vmax.
Parameters
Gain, A: 1e8
- . Input resistance, Rin: le+8 Ohm v
Finite Gsin Op-Amp2
Output resistance, Rout: le-4 Ohm v
Minimum output, Vmin: -12 v v
Maximum output, Vmax: 12 Vv i
[ OK J ’ Cancel ] [ Help ' Apply
\ v

Figure 2: Finite Gain Op-Amp Parameters

e Drag in the resistors (Simscape-> Foundation Library - Electrical >Electrical Elements >
Resistor) and a DC voltage source (Simscape-> Foundation Library - Electrical > Electrical
Sources = DC Voltage Source). For an inverting configuration, see Figure 3. For a non-
inverting configuration, see Figure 4. The circuit components are shown in orange.

o Double click on the voltage source and set the voltage to 1 Volt.
o Set your resistor values to achieve your desired gain

l
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Figure 3: Inverting amplifier configuration
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Figure 4: Non-inverting amplifier configuration

Exporting the signal to Simulink

e Connect the voltage sensor (Simscape—> Foundation Library - Electrical > Electrical Sensors
- Voltage Sensor) and the PS-Simulink converter(Simscape—> Utilities >PS-Simulink
converter) to the output of the circuit.

The Simulink Scope, Viewing Results:

Connect a Simulink scope to the output of the PS-Simulink converter.The Simulink scope offers several
different ways to view the results of a simulation. Knowing about these different features is pivotal in
effectively using this program.

1. Scope vs. Display
a. Asareminder, the Simulink display and scope can be found:
i. Simulink = Sinks - Display or Scope
b. Generally, the scope block is good for viewing AC circuits, transients, and any other type
of non-static output. The display block used in the voltage divider tutorial is good for
displaying a single final value. This feature is good when the output is one, unchanging,
value.

2. Using the Scope block

a. Scope parameters

b. Autozoom

C.
3. Viewing separate data on the same axes
4. Viewing results on two different axes



