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National Instruments believes that the information in this document is accurate. The document has been carefully reviewed for technical accuracy. In the event that
technical or typographical errors exist, National Instruments reserves the right to make changes to subsequent editions of this document without prior notice to holders
of this edition. The reader should consult National Instruments if errors are suspected. In no event shall National Instruments be liable for any damages arising out of or
related to this document or the information contained in it.

EXCEPT AS SPECIFIED HEREIN, NATIONAL INSTRUMENTS MAKES NO WARRANTIES, EXPRESS OR IMPLIED, AND SPECIFICALLY DISCLAIMS
ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. CUSTOMER’S RIGHT TO RECOVER DAMAGES CAUSED
BY FAULT OR NEGLIGENCE ON THE PART OF NATIONAL INSTRUMENTS SHALL BE LIMITED TO THE AMOUNT THERETOFORE PAID BY THE
CUSTOMER. NATIONAL INSTRUMENTS WILL NOT BE LIABLE FOR DAMAGES RESULTING FROM LOSS OF DATA, PROFITS, USE OF PRODUCTS,
OR INCIDENTAL OR CONSEQUENTIAL DAMAGES, EVEN IF ADVISED OF THE POSSIBILITY THEREOF. This limitation of the liability of National
Instruments will apply regardless of the form of action, whether in contract or tort, including negligence. Any action against National Instruments must be brought
within one year after the cause of action accrues. National Instruments shall not be liable for any delay in performance due to causes beyond its reasonable control. The
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Copyright
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you may reproduce in accordance with the terms of any applicable license or other legal restriction.

BSIM3 and BSIM4 are developed by the Device Research Group of the Department of Electrical Engineering and Computer Science, University of California,
Berkeley and copyrighted by the University of California.
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Workbench. Other product and company names mentioned herein are trademarks or trade names of their respective companies.

Members of the National Instruments Alliance Partner Program are business entities independent from National Instruments and have no agency, partnership, or joint-
venture relationship with National Instruments.

Patents

For patents covering National Instruments products, refer to ni.com/patents.
Some portions of this product are protected under United States Patent No. 6,560,572.

WARNING REGARDING USE OF NATIONAL INSTRUMENTS PRODUCTS
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Documentation Conventions

When Multisim guides refer to a toolbar button, an image of the button appears in the left column.

Multisim guides use the convention Menu/Item to indicate menu commands. For example, “File/Open”
means choose the Open command from the File menu.

Multisim guides use the convention of an arrow (3>) to indicate the start of procedural information.

Multisim guides use the construction CTRL-KEY and ALT-KEY to indicate when you need to hold down the
“Ctrl” or “Alt” key on your keyboard and press another key.

The Multisim Documentation Set

Multisim documentation consists of the User Guide, the Component Reference Guide and online help. All
Multisim users receive PDF versions of the User Guide and the Component Reference Guide.

You should also refer to Getting Started with NI Circuit Design Suite.

Component Reference Guide

This guide contains information on the components found in Multisim.

The chapters in the Component Reference Guide are organized to follow the component groups that are
found in the Multisim databases.

Online Help

Multisim offers a full helpfile system to support your use of the product.

Choose Help/Multisim Help to display the helpfile that explains the Multisim program in detail, or choose
Help/Component Reference to display the helpfile that contains details on the components families provided
with Multisim. Both are compiled HTML helpfiles, offering a table of contents and index.

In addition, you can display context-sensitive help by pressing F1 from any command or window, or by
clicking the Help button on any dialog box that offers it.
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Chapter 1
Source Components

1.1 Ground

£

A voltage measurement is always referenced to some point, since a voltage is actually a
“potential difference” between two points in a circuit.

The concept of “ground” is a way of defining a point common to all voltages. It represents 0
volts. All voltage levels around the circuit are positive or negative when compared to ground.
In power systems, the planet Earth itself is used for this reference point (most home power
circuits are ultimately “grounded” to the Earth's surface for lightning protection). This is how
the expression “earthing” or “grounding” a circuit originated.

Most modern power supplies have “floating” positive and negative outputs, and either output
point can be defined as ground. These types of supplies can be used as positive (with respect
to ground) or negative power supplies. In floating power supply circuits, the positive output is
often used as the voltage reference for all parts of the circuit.

Note Multisim supports a multipoint grounding system. Each ground connected is made
directly to the ground plane.

The Ground Component

This component has 0 voltage and so provides a clear reference point for calculating electrical
values. You can use as many ground components as you want. All terminals connected to
ground components represent a common point and are treated as joined together.

Not all circuits require grounding for simulation; however, any circuit that uses an opamp,
transformer, controlled source or oscilloscope must be grounded. Also, any circuit which
contains both analog and digital components should be grounded. If a circuit is ungrounded or
improperly grounded (even if it does not need grounding in reality), it may not be simulated.
If it is simulated, it may produce inconsistent results. The linear transformer must be
grounded on both sides.
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1.2

1.3

Digital Ground

~

The digital ground is used to ground digital components which do not have an explicit ground
pin. The digital ground must be placed on the schematic but does not need to be connected
directly to any component.

Tip 1If you are unsure of the ground required for a digital component that has its ground pin
hidden, double-click on the component and click on the Pins tab. Locate GND in the
Name column and move across to the Net column. In most cases, the name of the net will
be GND.

The default Reference Designator (RefDes) for the digital ground is GND. When you connect
a wire to a digital ground, the wire’s net name will be the same as the digital ground’s RefDes.
Multiple instances of a digital ground may be placed on a schematic but there will only be one
matching net in the schematic.

If you rename a digital ground by changing its RefDes, and there are other instances of the
digital ground with the same RefDes on the schematic, you will be prompted to confirm that
you want to change all instances of the RefDes. If you select No, only the RefDes for the
selected digital ground will change. Remember that if a digital ground’s RefDes is changed,
the net name of any wires attached to it will change to match the new RefDes. For a more
detailed discussion, see “Global Nets” in the Multisim User Guide, or the Multisim helpfile.

» To change the RefDes of a digital ground:

1. Double-click on the component to display its properties dialog box, and click on the Label
tab.

2. Change the entry in the RefDes field and click OK to close the dialog box.

DC Voltage Source (Battery)

L W
_—Ew
.

Battery Background Information

A battery may be a single electrochemical cell or a number of electrochemical cells wired in
series. It is used to provide a direct source of voltage and/or current.
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A single cell has a voltage of approximately 1.5 volts, depending on its construction. It
consists of a container of acid in which an electrode is placed. Chemical action causes
electrons to flow between the electrode and the container, and this creates a potential
difference between the electrode and the material of the container.

Batteries can be rechargeable and can be built to deliver extremely high currents for long
periods. The automobile ignition battery is an application of a battery as a “current source”;
the voltage may vary considerably under use, with no visible battery deterioration.

Batteries may be used as voltage references, their voltage remaining stable and predictable to
many figures of accuracy for many years. The standard cell is such an application. A standard
cell is a voltage source, and it is important that current is not drawn from the standard cell.

Battery Component

Multisim includes both an ideal battery (DC_POWER), with no internal resistance and a non-
ideal battery, that allows you to changes its internal resistance and capacity (in ampere hours).

1.4 Digital Power Supplies

WD YO0

S S

YEE WEE

= ] v

The Power Source component family includes the digital power supplies VCC, VDD, VEE,
and VSS. These are used to connect power to digital components which do not have an
explicit power pin on their symbol. They can also be wired directly into a circuit as desired.

Tip If you are unsure of the power supply required for a digital component that has its power
pin hidden, double-click on the component and click on the Pins tab. Locate the power
supply in the Name column. Some components, will have more than one power supply
(for example, a CMOS 4522BD has both VDD and VSS).

When you connect a wire to a digital power supply (for example, VCC), the wire’s net name
will be the same as the digital supply’s RefDes (so in the case of VCC, the net name will be
Vcc). Multiple instances of a digital power supply may be placed on a schematic but there
will only be one matching net in the schematic. Also, when you change a digital power
supply’s voltage, the voltage for all instances of that power supply on the schematic will
change to reflect the new setting.
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If you rename a digital power supply by changing its RefDes, and there are other instances of
the same supply on the schematic, you will be prompted to confirm that you want to change
all instances of the RefDes. If you select No, only the RefDes for the selected component will
change. Remember that if a digital power supply’s RefDes is changed, the net name of any
wires attached to it will change to match the new RefDes. For a more detailed discussion, see
“Global Nets” in the Multisim User Guide, or the Multisim helpfile.

» To change the properties of a digital power supply:

1. Double-click on the component to display its properties dialog box, and click on the Value
tab. Change the value in the Voltage (V) field as desired.

2. To change the reference designator for the component, click on the Label tab and change
the entry in the RefDes field.

3. Click OK to close the dialog box.

1.5 DC Current Source

The current generated by this source can be adjusted from microamps to kiloamps.

1.6 AC Voltage Source

W2

@uw BOHz

The root-mean-square (RMS) voltage of this source can be adjusted from LV to kilovolts. You
can also control its frequency and phase angle.

Vp eak

A

VrRMms =

Multisim Component Reference Guide 1-4 ni.com



AC Current Source

1.7 AC Current Source

11

@m B0Hz

The RMS current of this source can be adjusted from microamps to kiloamps. You can also
control its frequency and phase angle.

1.8 Clock Source

KAl
CLOCK_SOURCE

This component is a square wave generator. You can adjust its voltage amplitude, duty cycle
and frequency.

1.9 Amplitude Modulation (AM) Source

W2
A% 1000Hz 100Hz

The AM source (single-frequency amplitude modulation source) generates an amplitude-
modulated wave. It can be used to build and analyze communications circuits.
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1.9.1 Characteristic Equation

The behavior of the AM source is described by:
Vour = vexsin(2+ 7o for TIME (14 mesin(2% 70 fin TIME)

where:

vc = carrier amplitude, in volts
fc = carrier frequency, in hertz
m = modulation index

fm = modulation frequency, in hertz

1.10 FM Source

The FM source (single-frequency frequency modulation source) generates a frequency-
modulated wave. It can be used to build and analyze communications circuits.The signal
output can be either a current source or a voltage source.

1.10.1 FM Voltage Source

W3
5% 1000Hz 100Hz

This is an FM source of which the output is measured in voltage.

1.10.2 Characteristic Equation

The behavior of the FM voltage source is described by:
Vour = vaxsin( 2% % fox TIME + mxsin(2# 7% fin TIME )

where:

va = peak amplitude, in volts
fc = carrier frequency, in Hz
m = modulation index

fm = modulation frequency, in Hz
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1.10.3 FM Current Source

11
@ 1A 1000Hz 100Hz

This component is the same as the FM voltage source, except that the output is measured in
current.

1.10.4 Characteristic Equation

The behavior of the FM current source is described by the same equation as in the FM Voltage
Source, with Vout replaced by Iout.

1.11 FSK Source

W

@ 120 10Hz SHz

This source is used for keying a transmitter for telegraph or teletype communications by
shifting the carrier frequency over a range of a few hundred hertz. The frequency shift key
(FSK) modulated source generates the mark transmission frequency, fl, when a binary 1 is
sensed at the input, and the space transmission frequency, f2, when a 0 is sensed.

FSK is used in digital communications systems such as in low speed modems (for example, a
Bell 202 type modem - 1200 baud or less).

In this system, a digital high level is referred to as a MARK and is reproduced as a frequency
of 1200 Hz. A digital low level is referred to as a SPACE and is represented by a frequency of
2200 Hz.

In the example shown below, the frequency shift keying signal is a 5v (TTL) square wave.
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When the keying input is 5V, a MARK frequency of 1200 Hz is output. When keying voltage
is 0V, a SPACE frequency of 2200 Hz is output.
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This component is a square wave generator. You can adjust its voltage amplitude, duty cycle
and frequency.

1.12 Voltage-Controlled Voltage Source

W2
) AV
|

The output voltage of this source depends on the voltage applied to its input terminal. The

ratio of the output voltage to the input voltage determines its voltage gain (E). Voltage gain
can have any value from mV/V to kV/V.

Vour
E =
ViN
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Current-Controlled Voltage Source

1.13 Current-Controlled Voltage Source

W3

10hm

The output voltage of this source depends on the current through the input terminals. The two
are related by a parameter called transresistance (H), which is the ratio of the output voltage to
the input current. It can have any value from mW to kW.

V
g = Your

1IN

1.14 Voltage-Controlled Current Source

1Mho

The output current of this source depends on the voltage applied at the input terminals. The
two are related by a parameter called transconductance (G), which is the ratio of the output
current to the input voltage. It is measured in mhos (also known as seimens) and can have any
value from mmhos to kmhos.

1
G = our

Vin

1.15 Current-Controlled Current Source

The magnitude of the current output of a current-controlled current source depends on the
current through the input terminals. The two are related by a parameter called current gain (F),

© National Instruments Corporation 1-9 Multisim Component Reference Guide



Source Components

which is the ratio of the output current to the input current. The current gain can have any
value from mA/A to kA/A.

1
o lour

1IN

1.16 Voltage-Controlled Sine Wave

Wi
-
- O Y

This oscillator takes an input AC or DC voltage, which it uses as the independent variable in
the piecewise linear curve described by the (control, frequency) pairs. From the curve, a
frequency value is determined, and the oscillator outputs a sine wave at that frequency. When
only two co-ordinate pairs are used, the oscillator outputs a linear variation of the frequency
with respect to the control input. When the number of co-ordinate pairs is greater than two,
the output is piecewise linear. You can change the peak and valley values of the output sine
wave by resetting the Output peak high value and Output peak low value on the model
parameter dialog box.

Example

The example shows a sine wave generator with output frequency determined by a control
voltage.

Control voltage may be DC, controlled by a potentiometer, as is the case for many signal
generators and function generators, or may be the output from a PLL that determines a precise
frequency.

Control voltage may be a continuous variable of any desired shape as required in sweep
generators and spectrum analysers.

In the example shown below, the VCO parameters are set so that control voltage of 0V
produces an output frequency of 100Hz and a control voltage of 12V produces an output
frequency of 20KHz.
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Voltage-Controlled Square Wave

A square wave control voltage produces a form of FSK (frequency shift keying), a sine wave

control voltage produces a form of FM (frequency modulation).
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1.17 Voltage-Controlled Square Wave

=W

This oscillator is identical to the voltage-controlled sine wave oscillator except that it outputs
a square wave. This oscillator takes an input AC or DC voltage, which it uses as the
independent variable in the piecewise linear curve described by the (control, frequency) pairs.
From the curve, a frequency value is determined, and the oscillator outputs a square wave at
that frequency. When two co-ordinate pairs are used, the oscillator outputs a linear variation
of the frequency with respect to the control input. When the number of co-ordinate pairs is
greater than two, the output is piecewise linear. You can change duty cycle, rise and fall times,
and the peak and valley values of the output square wave by resetting the Output peak high
value and Output peak low value on the model parameter dialog box.
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Example

The example shows a square wave generator with output frequency determined by a control
voltage.

Control voltage may be DC, controlled by a potentiometer, as is the case for many signal
generators and function generators.

Control voltage may be a continuous variable of any desired shape as required in sweep
generators and spectrum analysers.

In the example shown below, the VCO parameters are set so that control voltage of 0V
produces an output frequency of 100Hz and control voltage of 12V produces an output
frequency of 20KHz.

A square wave control voltage produces a form of FSK (frequency shift keying), a sine wave
control voltage produces a form of FM (frequency modulation).
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Voltage-Controlled Triangle Wave

1.18 Voltage-Controlled Triangle Wave

: S AW

oS

This oscillator is identical to the voltage-controlled sine wave oscillator except that it outputs
a triangle wave. This oscillator takes an input AC or DC voltage, which it uses as the
independent variable in the piecewise linear curve described by the (control, frequency) pairs.
From the curve, a frequency value is determined, and the oscillator outputs a triangle wave at
that frequency. When two co-ordinate pairs are used, the oscillator outputs a linear variation
of the frequency with respect to the control input. When the number of co-ordinate pairs is
greater than two, the output is piecewise linear. You can change the rise time duty cycle and
the peak and valley values of the output triangle wave by resetting the Output peak high value
and Output peak low value on the model parameter dialog box.

Example

The example shows a triangle wave generator with output frequency determined by a control
voltage.

Control voltage may be DC, controlled by a potentiometer, as is the case for many signal
generators and function generators.

Control voltage may be a continuous variable of any desired shape as required in sweep
generators and spectrum analysers.

In the example shown below, the VCO parameters are set so that control voltage of 0V
produces an output frequency of 100Hz and control voltage of 12V produces an output
frequency of 20KHz.
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A square wave control voltage produces a form of FSK (frequency shift keying), a sine wave
control voltage produces a form of FM (frequency modulation).
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1.19 Voltage-Controlled Piecewise Linear Source

This source (voltage-controlled piecewise linear source) allows you to control the shape of the
output waveform by entering up to five (input, output) pairs, which are shown in the Value tab
of the component’s properties dialog box as (X,Y) co-ordinates.

The X values are input co-ordinate points and the associated Y values represent the outputs of
those points. If you use only two pairs, the output voltage is linear.

Outside the bounds of the input co-ordinates, the source extends the slope found between the
lowest two co-ordinate pairs and the highest two co-ordinate pairs. A potential effect of this
behavior is that it can unrealistically cause the output to reach a very large or very small value,
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Piecewise Linear Source

especially for large input values. Therefore, keep in mind that this source does not inherently
provide a limiting capability.

50 s
20
10

Legend
—— Slopes inside defined region
————— Slopes outside defined region

Defined Region

The graph above is a result of the following co-ordinates entered into the woltage-
controlled piecewise linear source are as follows

x-array y-array
0 0

1 10

2 50

In order to reduce the potential for non-convergence of simulations, the source provides for
smoothing around the co-ordinate pairs. If Input smoothing domain (ISD) is set to, say, 10%,
the simulator assumes a smoothing radius about each co-ordinate point equal to 10% of the

length of the smaller of the segments above and below each co-ordinate point.

1.20 Piecewise Linear Source

The Piecewise Linear Source (PWL) is available as either a voltage source or a current source.

This source allows you to control the shape of the waveform by entering pairs of time and
voltage/current values. Each pair specifies the value of the source at the specified time. At
intermediate values of time, the value of the source is determined by linear interpolation.

The component also reads a specified file which contains a table of time and current or
voltage points. Using the data in the table, the component generates a current or voltage
waveform specified by the input text file.

» To set up the PWL source:
1. Double-click on the PWL Source to open its properties dialog box.

2. From the Value tab, either select the file containing the time and voltage or current points
from the dialog box or enter the data points manually.

Refer to the following for details on each type of PWL Source:

+ “Piecewise Linear Voltage Source” on page 1-17
+ “Piecewise Linear Current Source” on page 1-17.
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1.20.1 PWL Source Input Text File Specification

This file must contain a list of time and voltage or current points. Each line of the file
represents one point. The format is:

Time <space(s)> Voltage or Time <space(s)> Current

You can leave any amount of space between the 7ime and Voltage/Current fields. Here is an
example of an ideally formatted input file:

0 0

2.88e-06 0.0181273

5.76e-06 0.0363142

le-05 0.063185

1.848e-05 0.117198

If the PWL source encounters... It will....
non-whitespace at beginning of line ignore the line
non-numeric data following correctly formatted accept data, ignore non-
data numeric data
non-whitespace between Time and Voltage/ ignore the line
Current

whitespace preceding correctly formatted data accept data, ignore

whitespace

Please note the following special considerations:

+ If the earliest input point is not at time 0.0, then the PWL source gives the output of the
earliest time point from time 0.0 to that earliest time.

+  After the latest input point, the PWL source gives the output of the latest time point in the
file from that latest time until the simulation ends.

* Between input points, the PWL source uses linear interpolation to generate output.

* The PWL source can handle unsorted data. It sorts the points by time before the simulation
starts.
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1.20.2 Piecewise Linear Voltage Source

S

This component is a piecewise linear source with a voltage output.
The Value tab in this component’s properties dialog box contains the following:

* The Use data directly from file radio button, used if your data pairs are in a separate . txt
file. If you choose this option, the circuit will depend on the text file. When this button is
selected the following become active:

* Filename — click on the button to the right of this field and navigate to the data file.
The data file must have a . txt extension to be used.
Note If you do not specify a filename, the PWL voltage source behaves like a short circuit.
An error message does not display in this case.

* Edit file — click to open the data file for editing.

* The Enter data points in table radio button, used if you wish to manually enter the data
pairs, without referencing an external file. If you choose this option, the following become
active:

* Time and Voltage columns — where you enter the desired time and voltage data points.

* Initialize from file — click to view the data pairs from a specific file. If you choose this
option, the circuit will not depend on the text file. The data points will be loaded and
saved into the circuit file.

* Repeat data during simulation — enable to continuously run the file during simulation. If
this checkbox is not enabled, output from the source will cease once the final data pair has
been read.

1.20.3 Piecewise Linear Current Source

P

This component is a piecewise linear source with a current output.
The Value tab in this component’s properties dialog box contains the following:

* The Use data directly from file radio button, used if your data pairs are in a separate . txt
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file. If you choose this option, the circuit will depend on the text file. When this button is
selected the following become active:
* Filename — click on the button to the right of this field and navigate to the data file.
The data file must have a . txt extension to be used.
Note If you do not specify a filename, the output of the PWL current source behaves like an
open circuit. An error message does not display in this case.

* Edit file — click to open the data file for editing.

* The Enter data points in table radio button, used if you wish to manually enter the data
pairs, without referencing an external file. If you choose this option, the following become
active:

* Time and Current columns — where you enter the desired time and current data points.

* Initialize from file — click to view the data pairs from a specific file. If you choose this
option, the circuit will not depend on the text file. The data points will be loaded and
saved into the circuit file.

* Repeat data during simulation — enable to continuously run the file during simulation. If
this checkbox is not enabled, output from the source will cease once the final data pair has
been read.

1.21 Pulse Source

This source includes pulse voltage source and pulse current source.The Pulse sources are
configurable sources whose output can be set to produce periodic pulses.

The following parameters can be modified:

e Initial Value
e Pulsed Value
* Delay time

* Rise Time

e Fall time
e Pulse Width
e Period
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1.21.1 Pulse Voltage Source

W2
0% &

This component is a pulse source of which the output is measured in voltage.

1.21.2 Pulse Current Source

12
0A 1A

This component is the same as the Pulse Voltage Source, except that the output is measured in
current.

1.22 Polynomial Source

This is a voltage-controlled voltage source defined by a polynomial transfer function. It is a
specific case of the more general nonlinear dependent source. Use it for analog behavioral
modeling.

The polynomial source has three controlling voltage inputs, namely, V, V;, and V3.

Output Voltage Characteristic Equation

The output voltage is given by:

Vour= A+ BxV 14+ CxVo4+ D*Vis+ ExV i + FxV iV 2+ GV i%V3
+ HV23 + [V oxV 4+ JxV 35 + KV iV 2%V 3
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where:

A = constant

B = coefficient of V,

C = coefficient of V,

D = coefficient of V,

E = coefficient of V

F = coefficient of V%V,
G = coefficient of V,+V,
H = coefficient of V,.

I = coefficient of V,+V,
J = coefficient of V.

K = coefficient of V,+V,xV,

1.23 Exponential Source

The exponential sources are configurable sources whose output can be set to produce an
exponential signal.

The following parameters can be modified:

e Initial Value

* Pulsed Value

* Rise Delay time
* Rise Time

* Fall Delay time
e Fall Time

1.23.1 Exponential Voltage Source

W1
oy 1y

This component is an exponential source of which the output is measured in voltage.
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1.23.2 Exponential Current Source

1
0A 1A

This component is the same as the Exponential Voltage Source, except that the output is
measured in current.

1.24 Nonlinear Dependent Source

Use this source for analog behavioral modeling. This generic source allows you to create a
sophisticated behavioral model by entering a mathematical expression.

This source uses analog behavioral modeling through mathematical expressions.

The output voltage or current can be a function of up to four voltages and two currents.
Voltages and currents are referenced by connecting the input pins of this device to schematic
nodes.

For a more flexible solution, see “ABM Sources” on page 1-49.
» To change the nonlinear dependent source’s value:

1. Double-click on the placed component and click the Value tab.

2. Complete the Source Expression.

Note Ifyou set the dependent variable to “V”, the output is in voltage; if you set it to “I”, the
output is in current.

1.25 Controlled One-Shot

0o OV 1Y

This oscillator takes an AC or DC input voltage, which it uses as the independent variable in
the piecewise linear curve described by the (control, pulse width) pairs. From the curve, a
pulse width value is determined, and the oscillator outputs a pulse of that width. You can
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change clock trigger value, output delay from trigger, output delay from pulse width, output
rise and fall times, and output high and low values.

When only two co-ordinate pairs are used, the oscillator outputs a linear variation of the pulse
with respect to the control input. When the number of co-ordinate pairs is greater than two,
the output is piecewise linear.

1.26 Magnetic Flux Source

1.27

1

Key = B 0.000
This device is used with a Hall Effect Sensor.

The Magnetic Flux Source uses the “B” key to change the density and polarity of the
magnetic flux impacting on a Hall Effect Sensor. You must specify the sphere of influence of
the magnetic flux source by entering an integer value in the Magnetic Channel field in the
Value tab of the component’s properties screen.

The Magnetic Channel field on the Hall Effect Sensor must have a matching integer value for
that sensor to be influenced by the source. No two magnetic flux sources or generators should
have the same integer value in the Magnetic Channel field. You can have as many Hall Effect
Sensors as you wish to react to any given source/generator and as many different sources/
generators as desired as long as each source/generator has a different integer value.

Magnetic Flux Generator

"1

T

100.000
Key=8B

This device is used with a Hall Effect Sensor.

The Magnetic Flux Generator produces a continuous varying magnetic field (sinusoidal with
N and S peaks). You can define the flux density, rate of rotation (translating to frequency) and
specify the sphere of influence of the generator by putting a unique integer value in the
Magnetic Channel field in the Value tab of the source’s properties screen.
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The Magnetic Channel field on the Hall Effect Sensor must have a matching integer value for
that sensor to be influenced by the generator. No two magnetic flux generators or sources
should have the same integer value in the Magnetic Channel field. You can have as many Hall
Effect Sensors as you wish to react to any given source/generator and as many different
sources/generators as desired as long as each source/generator has a different integer value.

1.28 Multiplier

¥
% A

—X

AW O

This component multiplies two input voltages.

The basic function multiplies the X and Y inputs.

Vo =Vx*Vy

Gain factors may be applied to the X and Y inputs and to the output.
Examples shown below:

a) Two DC voltages are multiplied (4V * 2V = 8§V)

b) Two volts DC multiplied by 2 V peak

c) Two AC signals
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Characteristic Equation
The output voltage is given by:

Vi = K( X (Vo4 X Jo %V, + Y,y ) +off

where:
V.= input voltage at x
V, = input voltage at y

Other symbols used in these equations are defined in “Multiplier Parameters and Defaults”.
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Multiplier Parameters and Defaults

Symbol Parameter Name Default Unit
k Output gain 0.1 VIV
off Output 0.0 V
Yoff Y offset 0.0 \
Yk Y gain 1.0 VIV
Xoff X offset 0.0 \
Xk X gain 1.0 VIV

1.29 Divider

N

T oy

Ad

This component divides one voltage (the y input, or numerator) by another (the x input, or
denominator).
Vo = Vy/Vx
You can limit the value of the denominator input to a value above zero by using the parameter
XLowLim. This limit is approached through a quadratic smoothing function, the domain of
which you can specify as an absolute value in XDS.

In the example shown below, the 120v RMS (339.38v peak to peak) sine wave at the Y input
is divided by a 16.96V DC voltage at the X input. The result is 339.38v (peak to peak) /
16.97V = 20v peak to peak.

If Vx is replaced with a 12v RMS voltage, in phase with Vy, the output will be 10V DC.
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CAUTION If the X (denominator) voltage crosses Ov when any voltage is present at the Y
(numerator) terminal, the quotient will go to infinity and a large positive or negative “spike”
will be observed on the scope.
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Characteristic Equation

_ (7, +2, )y,

Vou (VY N quf) X,

*k +off

£

where:

V.= input voltage at x

V,=input voltage at y

Other symbols used in these equations are defined in the table below.
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Divider Parameters and Defaults

Symbol Parameter Name Default Unit
k Output gain 1 VIV
off Output offset 0 \%
Yoff Y (Numerator) offset 0 \Y
Yk Y (Numerator) gain 1 VIV
Xoff X (Denominator) offset 0 \%
Xk X (Denominator) gain 1 VIV
XLowLim | X (Denominator) lower limit 100 pV
XSD X (Denominator) smoothing domain 100 pV

1.30 Transfer Function Block

Ad

Pi=]

Gi=]

[ R

This component models the transfer characteristic of a device, circuit or system in the s
domain. The transfer function block is specified as a fraction with polynomial numerators and
denominators. A transfer function up to the third order can be directly modeled. This

component may be used in DC, AC and transient analyses.

Characteristic Equation

This transfer function model is defined in a form of the rational function:

T(s)

X(s)

_Y®) _ g Ays  + 4,87 + Ais+ A,

3 2
B,s”+B,s” + B;s+ B,

Transfer functions up to the third order may be modeled.
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In the example shown below, the transfer function for a simple first order low pass filter is
used. Only the numerator and denominator constants A0 and B0 are required in this case.

These are equal to two pi times the cutoff frequency (first pole).

The cursor on the Bode Plotter may be used to confirm first order performance with -3dB at
10kHz. and rolloff of 6dB per octave above 20kHz.

Al
10kHz - Lawpass

PE)
W1 as)
1411 kHzi0 Deg

T

<* Bode Plotter E
| [agnitude | | |Phaze | sae |
: — Wertical Harizantal
: [Log| [t [Log| [t
: ] Flioee B (Fl1m
: I[zoae B 1[0

.................................... @ h & & ou &

501008
= = 10.00kH=

Transfer Function Block Parameters and Defaults

Symbol Parameter Name Default Unit
Vloff Input voltage offset 0 \%

K Gain 1 VIV
VINT Integrator stage initial conditions 0 \%

w Denormalized corner frequency 1 -

A3 Numerator 3rd order coefficient 0 -

A2 Numerator 2nd order coefficient 0 -

A1 Numerator 1st order coefficient 0 -

AO Numerator constant 1 -
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Symbol Parameter Name Default Unit
B3 Denominator 3rd order coefficient 0 -
B2 Denominator 2nd order coefficient 0 -
B1 Denominator 1st order coefficient 0 -
BO Denominator constant 1 -

1.31 Voltage Gain Block

A

K

AW O O

This component multiplies the input voltage by the gain and delivers it to the output. This
represents a voltage amplifier function with the gain factor, K, selectable with the Value tab of
the component’s properties screen. The voltage gain block is used in control systems and
analog computing applications.

In the example shown below, the input is a 0.707v RMS (2v peak to peak) sine wave and the

gain factor K is set at 5. The output then is K times the input.
(.707%5=3.535v RMS or 10 v peak to peak)

may be any value.

Caution Using the default model, as in this example, sine wave inputs
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Suitable settings of model parameters will allow for virtually unlimited flexibility for
practical applications.
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Characteristic Equation

Vvout = K(Vv"” + Vv]o//) + VOoff

Voltage Gain Block Parameters and Defaults

Symbol Parameter Name Default Unit
K Gain 1 VIV
Vloff Input offset voltage 0 \%
VOoff Output offset voltage 0 \
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1.32 Voltage Differentiator

Al

d/dt

1w

This component calculates the derivative of the input voltage (the transfer function, s) and
delivers it to the output. It is used in control systems and analog computing applications.

Differentiation may be described as a “rate of change” function and defines the slope of a

curve.

Rate of change = dV/dT

Characteristic Equation

dv,
Vnut (t) = K? + VOof]

Voltage Differentiator Parameters and Defaults

Symbol Parameter Name Default Unit
K Gain 1 VIV
VOoff Output offset voltage 0 \%
\ Output voltage lower limit -1e+12 \%
Vu Output voltage upper limit 1e+12 \%
Vs Upper and lower smoothing range 1e-06 \%
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1.32.1 Investigations

Sine wave

The slope of a sine wave changes continuously and smoothly. Therefore, the differentiator
output should follow the sine shape.

In the example circuit shown below, if you change frequency from 10Hz. to 100Hz., the rate
of change of the waveform will increase by a factor of 10. The differentiator output will also
increase by the same factor. When investigating, note also a 90 degree phase shift from input
to output.

Triangle waveforms

In an ideal triangle waveform the rising and falling slopes are constant with an abrupt change
taking place at the peaks.

Since the rate of change (slope) during rise and fall are constant, the differential result is also
constant.

The reversal of slope at the peaks (from rise to fall/fall to rise) produces a large instantaneous
change in the differentiator output, resulting in a square wave output.

In the example circuit, as for the sine wave, if you change frequency from 10Hz. to 100Hz.,
the rate of change of the waveform will increase by a factor of 10. The differentiator output
will also increase by the same factor.

Square waves

In an ideal square wave, the change takes place only at the rising and falling edges. The
change is instantaneous. This instantaneous rate of change

(dV/dT =dV/0)
will produce an infinitely large output from a differentiator.

Since ideal square or pulse waveforms, as produced by the function generator in Multisim,
have zero rise and fall times, the result of differentiation is infinite (dV/0 = infinity).

In the example circuit, outputs from the differentiator are limited to +/-5 kilo volts. With the
ideal square wave input, the differentiator output will be seen to be +/-5kV.

All real square wave and pulse signals have finite rise times, however small.

To introduce finite rise and fall times into the input to the differentiator, in order to investigate
realistic situations, use an RC network placed in series with the function generator.

Note Since the rise and fall times are fixed, the differentiator output does not change with
change of input frequency as for the sine and triangle waveforms.
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Changing the RC time constant and comparing differentiator output will illustrate this point.
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1.33 Voltage Integrator

Al

f

1w

This component calculates the integral of the input voltage (the transfer function, 1/s) and
delivers it to the output. It is used in control systems and analog computing applications.

The true integrator function continuously adds the area under a curve for a specified time

interval.

For waveforms that are symmetrical about the zero axis, area above and below the axis is zero

and the resulting integrator output is zero.

For waveforms that are not symmetrical about the zero axis, the “areas” will be different. If
area above the axis is greater, integrator output will rise. If area is less, integrator output will

fall.
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Characteristic Equation

V(0= K [ (Vi) + V)t + Vi,

Voltage Integrator Parameters and Defaults

Symbol Parameter Name Default Unit
Vloff Input offset voltage 0 \%
K Gain 1 VIV
\ Output voltage lower limit -1e+12 \%
Vu Output voltage upper limit 1e+12 \%
Vs Upper and lower smoothing range | 1e-06 \%
VOic Output initial conditions 0 \%

1.33.1 Investigations

1. In the initial circuit, the input signal is symmetrical (+/- 5V) about the zero axis and the
integrator output is zero for sine, square and triangle waveforms.

2. To make the waveforms unsymmetrical about the zero axis use the OFFSET control on the
function generator. Setting the OFFSET equal to the AMPLITUDE setting will reference
the input to ground (0V).

In this case, the output is always positive. When output is high, “area” is continually added.
Output will rise indefinitely.
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Changing frequency changes the area. Therefore, in the case of lower frequencies, output rises
faster.
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1.34 Voltage Hysteresis Block

A

IT

0% Ay

This component is a simple buffer stage that provides hysteresis of the output with respect to
the input. Vil and ViH specify the center voltage or current inputs about which the hysteresis
effect operates. The output values are limited to VoL and VoH. The hysteresis value, H, is
added to ViL and ViH in order to specify the points at which the slope of the hysteresis
function would normally change abruptly as the input transitions from low to high values. The
slope of the hysteresis function is smoothly varied whenever ISD is set greater than zero.

This component can be used to simulate a non-inverting comparator in which the comparison
threshold is changed each time the input crosses the threshold in effect at that instant. As the
output changes state (high to low or low to high), the threshold voltage is changed internally
in such a manner that the input must continue to change until it reaches the new threshold.

In the example circuit shown below, the hysteresis value is set to 5V. This means that the two
comparison thresholds at which the output changes are +5V and -5V.
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As shown, the input triangle waveform rises from 0V and the output is at its lowest value (0V
in this case), as the input crosses +5V (the upper threshold in comparator terms) the output
changes to its highest value(+2V in this case). Internally in the hysteresis block the threshold
is now changed to -5V, (the lower threshold).

The output continues to rise to a peak and then starts to decrease.

Note The output changes only when the input crosses -5V. Internally, the threshold is
changed again to the upper threshold and the process repeats.
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Symbol Parameter Name Default Unit
ViL Input low value 0 \%
ViH Input high value 1 \%
H Hysteresis 0.1 -
VoL Output lower limit 0 \%
VoH Output upper limit 1 \%
ISD Input smoothing domain % 1 -
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1.35 Voltage Limiter

17T

O %

This is a voltage “clipper”. The output voltage excursions are limited, or clipped, at
predetermined upper and lower voltage levels while input-signal amplitude varies widely.

In the example shown below, the upper voltage limit is set to +5V and the lower limit is set to

- 5 volts. These settings provide symmetrical clipping on the positive and negative peak
excursions of the input waveform when these peaks exceed the set limit (clipping) values.

The 10 v RMS (14.14v peak) input is limited at +/-5V.

Note Ifthe input peak voltages are within the set limiting voltages, the input signal is passed
through the limiter circuit undistorted.

Unsymmetrical clipping is selected by setting the limit voltages to different values (i.e. +5V
and -2V). This technique may be used to produce non-standard waveshapes, starting with
sine, triangle sawtooth and other symmetrical waveforms.
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Characteristic Equation

VOUT = K(Vm + V]ujf ) for Vmin < V < Vmax

out —

VOUT = Vmax for VOUT > Vmax
Vour =Viain for Vour <Viin

Voltage Limiter Parameters and Defaults

Symbol Parameter Name Default Unit
Vloff Input offset voltage 0 \%
K Gain 1 VIV
\ Output voltage lower limit 0 Vv
Vu Output voltage upper limit 1 V
Vs Upper and lower limit smoothing range 1e-06 \%

1.36 Current Limiter Block

s

| 0 1R

This component models the behavior of an operational amplifier or comparator at a high level
of abstraction. All of its pins act as inputs; three of them also act as outputs. The component

takes as input a voltage value from the “in” connector. It then applies the offset and gain, and
derives from it an equivalent internal voltage, Veq, which it limits to fall between the positive
and negative power supply inputs. If Veq is greater than the output voltage seen on the “out”
connector, a sourcing current will flow from the output pin. Otherwise, if Veq is less than the
output voltage, a sinking current will flow into the output pin.

Depending on the polarity of the current flow, either a sourcing or a sinking resistance (Rsrc
or Rsnk) value is applied to govern the output voltage/output current relationship. The chosen

resistance will continue to control the output current until it reaches a maximum value
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specified by either ISrcL or ISnkL. The latter mimics the current limiting behavior of many
operational amplifier output stages.

During operation, the output current is reflected either in the positive or the negative power
supply inputs, depending on the polarity of the output current. Thus, realistic power
consumption as seen in the supply rails is modeled.

ULSR controls the voltage below positive input power and above negative input power
beyond which V. =k (input voltage + Off) is smoothed. ISrcSR specifies the current below
ISrcL at which smoothing begins, and specifies the current increment above zero input current
at which positive power begins to transition to zero. ISnkSR serves the same purpose with
respect to ISnkL and negative power. VDSR specifies the incremental value above and below
(Veq - output voltage) = 0 at which output resistance will be set to Rsre and Rsnk, respectively.
For values of (Vq - output voltage) less than VDSR and greater than -VDSR, output
resistance is interpolated smoothly between Rsrc and Rsnk.

The current limiter block is also a representation of an operational amplifier with respect to
the sourcing and sinking of current at the output and supply terminals.

If the current being sinked/sourced to the load is less than the rated maximum, as determined
from rated maximum sink/source specifications for a particular opamp, operation of the
opamp circuit will be as expected.

If the current to be sinked/sourced is greater than the rated maximum, as determined by a
larger than normal input to the opamp circuit, the current limiter will limit current to the
specified safe maximum value, thus protecting the opamp and associated circuitry from
damage.

In the example circuit shown below, the sink and source current limits are set to 2 mA and the
circuit gain (K) is set to 1. For this case, output current should then be Iload = Vin*K/Rload.

The switch, activated by pressing S, applies either a positive or negative input to the 'op-amp'
circuit. These input levels are such that the output current would be in excess of the rated
value of 2.0mA. The current limit function limits the source or sink output to 2.0 mA.

If the input levels are reduced to 2V or less, then the output current will be as expected at Vin/
Rload.

© National Instruments Corporation 1-39 Multisim Component Reference Guide



Source Components

A sine wave input of 1.4v RMS or less will be passed undistorted through the “amplifier”
while inputs greater than 1.4 v RMS will show limiting (clipping) at the peaks.

Fositive inputhvg
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Paositive supply MG

Megative inputhy?
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Il W10 v v

— W1
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Load Current/M1

7

Megative Supphy™i9

Current Limiter Parameters and Defaults

Rload/R1
1k

Symbol Parameter Name Default Unit
Off Input offset 0 \%

k Gain 1 VIV
Rsrc Sourcing resistance 1 Q
Rsink Sinking resistance 1 Q
ISrcL Current sourcing limit 10 mA
ISnkL Current sinking limit 10 mA
ULSR Upper and lower power supply smoothing range 1 uv
ISrcSR Sourcing current smoothing range 1 nA
ISnkSR Sinking current smoothing range 1 nA
VDSR Internal/external voltage delta smoothing range 1 vQ
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1.37 Voltage-Controlled Limiter

| |
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A voltage “clipper”. This component is a single input, single output function. The output is
restricted to the range specified by the output lower and upper limits. Output smoothing
occurs within the specified range. The voltage-controlled limiter will operate in DC, AC and
transient analysis modes.

The component tests the values of the upper and lower limit control inputs to make sure that
they are spaced far enough apart to guarantee the existence of a linear range between them.
The range is calculated as the difference between (upper limit control input (U) - VoUD -
ULSR) and (lower limit control input (L) + VoLD + ULSR) and must be greater than or equal
to zero.

The limiting levels may be individually set at fixed values or one or both limiting levels may
be controlled by a variable voltage, depending on the desired application.

In the circuit shown below, the upper voltage limit is set by adjusting the potentiometer
supplying the Upper terminal on the VCL. The lower voltage limit is set by adjusting the
potentiometer supplying the Lower terminal on the VCL. The potentiometers are adjusted by
pressing U or SHIFT-U for the upper limit and L or SHIFT-L for the lower limit.
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These settings may be adjusted to provide symmetrical or unsymmetrical clipping on the
positive and negative peak excursions of the input waveform when these peaks exceed the set
limit (clipping) values.

%~ Dscilloscope-XSC1 5‘
=

;A\ //\\ //\\
oy
Y Y

Time Channel_A Channel_b
g0 0,000 0000 _Reverse |
T 43 save Ext Trig.
o Xsc1
Channel Channel B Trigger
5 \Din Soale |5 0w Bige |F X[ 2= | o)
nl[l Y position |[| Level [0 [ ':
[ #dd| Binj as|| ac| o |[GE & | ac| 0 fOE - | & | Type Sing]Hor.|#utoffione N [ 7]
| e &
WPUT JTT
LOVYER LIMIT LFFER LT R2
KOLLIN
| Key =L

0%

10 i L b
\: - T -U2
1 w2 OV 1%

Voltage-Controlled Limiter Parameters and Defaults

Symbol Parameter Name Default Unit
ViOff Input offset 0 \%

k Gain 1 VIV
VoUD Output upper delta 0 \%
VoLD Output lower delta 0 \%
ULSR Upper and lower smoothing range 1 wv
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1.38 Voltage Slew Rate Block

1G6GYsec 1GY

This component limits the absolute slope of the output, with respect to time, to some
maximum or value. You can accurately model actual slew rate effects of over-driving an
amplifier circuit by cascading the amplifier with this component. Maximum rising and falling
slope values are expressed in volts per second.

The slew rate block will continue to raise or lower its output until the difference between
input and output values is zero. After, it will resume following the input signal unless the
slope again exceeds its rise or fall slope limits.

This component provides for introduction of selectable rising and falling slew rates (rise and
fall times on a pulse waveform) for analysis of pulse and analog circuits.

With an ideal pulse or analog input to block the effect of slew rate on a logic circuit or analog
amplifier, (discrete component or op-amp) output may be investigated.

In the example shown below, the function generator may be set for either square wave or sine
wave output.

A slew rate of 8000V/sec for rising slope and 6000V/sec for falling slope shows as rise and
fall time on an ideal 80Hz. square wave input. Signal degradation as a result of slew rate
occurs when frequency is increased.

Switching the function generator to sine wave output 60 Hz. does not result in distortion.
However, as frequency is increased, slew rate distortion on a sine wave will become evident at
200 Hz. and above. As frequency is increased, the sine wave deteriorates to a triangle shape.
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A more serious degradation of output as a result of slew rate occurs when the input frequency

is doubled to 200Hz.
<** Function Generator =
[ 1] 8
| e B P | ?EEI
=3
Frequency 2000 %isfE000 Vis
Duty cycle B H
Pt o B 7
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*f position | 0.00 E *f position | 0.00 E
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: [z wiDiw B [z wow E

Voltage Slew Rate Block Parameters and Defaults

Symbol Parameter Name Default Unit
RSMax Maximum rising slope value 1 GV/s
FSMax Maximum falling slope value 1 GV/s

1.39 Three-Way Voltage Summer

A

E

This component is a math functional block that receives up to three voltage inputs and
delivers an output equal to their arithmetic sum. Gain for all three inputs as well as the
summed output may be set to match any three input summing application.

In the example shown below, all gains are set to unity.
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The summer may be used to illustrate the result of adding harmonically related sine wave
components which make up a complex waveform (the first three terms in the Fourier
expression defining the waveform).
In the example, a fundamental frequency of 60 Hz. and the third and fifth harmonics (in
phase) may be progressively added to illustrate the basic makeup of a square wave.

Amplitude and phase of any of the signals may be varied to experiment further.

Caution The switches should not be operated while a solution is in
progress. This will result in solution error messages. Allow the
solution to pause (or pause it by clicking on the solution switch).
Operate a switch to add the desired harmonic, and then solve the

circuit again.
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Charactistic Equation

Vour = Koutl Ka(Va+ Vo) + Ks(Va + Vaof)

+Kc(Ve+Veoy) ]|+ V oo
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Summer Parameters and Defaults

Symbol Parameter Name Default Unit
VAoff Input A offset voltage 0 \%
VBoff Input B offset voltage 0 \%
VCoff Input C offset voltage 0 \%
Ka Input A gain 1 VIV
Kb Input B gain 1 VIV
Kc Input C gain 1 VIV
Kout Output gain 1 VIV
VOoff Output offset voltage 0 \%

1.40 Three Phase Delta

This component provides a 3 phase power source. The 3 output pins provide 120 degree phase
shifted output. The user can define the amplitude, frequency, and delay time. This part is used
predominantly in Power applications. The 3 sine wave sources are configured in a delta type

connection.

1.41 Three Phase Wye

This component provides a 3 phase power source. The user can define the amplitude,
frequency, and delay time. The foUrth connection (out the opposite side of the symbol) is
used as a Neutral connection. (to ground, or as a return line for unbalanced loads.)
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1.42 Thermal Noise Source

The Thermal Noise Source uses a Gaussian White Noise model to simulate thermal noise
(also known as Johnson noise) in a conductor. It can be placed in series with a resistor to
emulate the thermal noise generated by that resistor.

Thermal Noise results from charges bound to thermally vibrating molecules, which produce
EMF (electro-motive force) at the open terminals of a conductor.

One disadvantage of using a Gaussian White Noise model for this purpose is that its power
would be infinite, however, the model is valid over a limited bandwidth (B) as all EMF
fluctuations outside of the defined bandwidth are ignored.

The rms voltage associated with Johnson Noise in a resistor R, at the temperature T (Kelvin)
over a bandwidth B (in Hertz) is given by the equation:

Vrms (B) = (4kTRB)"1/2 volts, where k = Boltzmann’s Constant = 1.38 e-23 j/d)

The mean power over a bandwidth B is given by the equation:
Power (B) = 4kTRB watts

To set up the Thermal Noise Source, input the required parameters in the Value tab of the
component’s properties dialog box. (Double-click on the placed component to access the
dialog box).

1.43 TDM Source

1
@I V1 @'TH

=
TDM Voltage Source TDM Current Source
The TDM source is used to input National Instruments binary measurement files (. tdm) into
a Multisim simulation. It is available as both a voltage source and a current source.
» To set up the TDM source:
1. Double-click on the TDM source to open its properties dialog box and click the Value tab.
2. In the File area:

* Filename — click on the button to the right of this field and navigate to the desired
. tdm file. When the Select Trace dialog box appears, enter the desired Group,
Channel X and Channel Y data, or click OK to accept the default settings.
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Note If you do not specify a filename, the component behaves like an open circuit. An error
message does not display in this case.

* Preview Data — select to view the file’s contents in the Value tab.
* Reload File — click to reload the file when the . tdm file has been edited and you wish
to reflect the changes in the TDM Source.
* Repeat — enable to continuously run the file during simulation. If this checkbox is not
enabled, output from the source will cease once the final data pair has been read.
3. In the Channel area:

* Select Channel — displays the Select Trace dialog box where you can edit the Group,
Channel X and Channel Y settings.
* Channel Group — displays the selected group.
* Channel X — displays the selected x channel.
* Channel Y — displays the selected y channel.
4. Click OK to close the source’s properties dialog.

Binary Measurement Files

When data is saved as a binary measurement file, two files are created; a header file (. tdm)
and a binary file (. tdx). For this source to function both of these files, with the same base
name (e.g., sample. tdmand sample . tdx) must be present .

Note Implicit channels are not supported. By default, the first channel will be the x-axis
data.

1.44 LVM Source

LVM Voltage Source LVM Current Source
The LVM source is used to input National Instruments text-based measurement files (. 1vm)
into a Multisim simulation. It is available as both a voltage source and a current source.
» To set up the LVM source:
1. Double-click on the LVM source to open its properties dialog box and click the Value tab.
2. In the File area:

* Filename — click on the button to the right of this field and navigate to the desired
. 1vm file. When the Select Trace dialog box appears, enter the desired Section and
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Channel data, or click OK to accept the default settings.
* Preview Data — select to view the file’s contents in the Value tab.
* Reload File — click to reload the file when the . 1vm file has been edited and you wish
to reflect the changes in the LVM Source.
* Repeat — enable to continuously run the file during simulation. If this checkbox is not
enabled, output from the source will cease once the final data pair has been read.
3. In the Channel area:

* Select Channel — displays the Select Trace dialog box where you can edit the Section
and Channel settings.
+ Section — displays the selected section.
* Channel — displays the selected channel.
4. Click OK to close the source’s properties dialog.

1.45 ABM Sources

ABM (analog behavioral model) sources use mathematical and conditional expressions to set
their output voltage or current. They may contain mathematical and conditional expressions
that consist of circuit voltages, currents, time and other simulation parameters.

» To enter an expression in a current or voltage ABM source:
1. Double-click on the placed component ABM source and click the Value tab.

2. Enter the expression in the Current Value (in current sources) or Voltage Value (in voltage
sources) field.

The example circuit below is an ABM current source with value
2*0.001/(3.3-1)*(V(gate) -V (source) ):

qate drain

vin 1
. TVpk ﬁ R1
C\) 1kHz , - ABM_CURRENT 100K

WDeg PP 3110V (st eV (sour: &)

source ‘

Expressions may use node voltages relative to ground using the syntax V (<net names),
where <net name> is the name of a net. Alternatively, expressions may use differential
node voltages using the syntax V (<net namels>, <net name2>), where the expression
evaluates to the difference between nets <net namel> and <net name2s.
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Expressions may use reference branch currents through voltage source elements using the
syntax I (<source_ type><refdes>), where <source type> is a single letter
specifying a the type of SPICE primitive source and <refdes> is the schematic reference
designator of the voltage source.

Multisim supports referencing current through four types of SPICE primitive voltage sources:

* Independent source ("V" source)

* Voltage-Controlled Voltage-Source ("E" source)
*  Current-Controlled Voltage-Source ("H" source)
*  ABM source ("B" source).

» To easily determine the referenced source type:

1. Click the Model button in the Select a Component dialog. The component's SPICE template
displays as in the example below.

<% Select a Component O]
[atabaze: Component: Symbol [AMSI)

| Master Database =] [TROLLED_vOLTAGE_S L
Group: ABM_VOLTAGE é%> _ Close |

= CONTROLLED_OMWE_SHOT Search...
I T Sources 'l =
Fanily CURREMT_COMTROLLED Detail Report
FSK_WOLTAGE
|. Select all families WOLTAGE_COMTROLLED_P

POWER_SOURCES

(3} SIGNAL_VOLTAGE_..
(@) SIGNAL_CURRENT...
(k% COMTROLLED_ VL.

< Model Data Report ;Iglll

S

WOLTAGE_COMTROLLED_S

- ” : Help
WOLTAGE_CONTROLLED_S  Function: —I
YOLTAGE_CONTROLLED_T [¥oltage Contralled Voltage Source
WOLTAGE_COMTROLLED_Y]

#EFSESEFEHSEFSE4#SF  Nodel Data Report ####84854888088884

Model template =================
esp $td 53 stz scl #]

The first letter of the model template must be one of V, E, H, or B. This is the
<source types. If the first letter is any but V, E, H, or B (e.g., templates using
SUBCKTSs), you may not reference current passing through this component.

In the case of a circuit branch in which there is no voltage source component, or there is a
voltage source component which may not be referenced, break the branch and insert a 0-volt
voltage source that has valid template for referencing (e.g., the DC_ POWER component).
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1.46

The example below is an ABM voltage source whose expression references current through
three different types of voltage source components.

<source_type> Referenced current

expr.=2'I(VV2)+5.5* (BV1)+3.4*[(EV3)

v4
@ ABM_VOLTAGE

Note Positive current polarity is taken from the positive node to the negative node of the
voltage source.

Multisim supports a rich set of operators and functions which can be used in expressions. For
details, refer to “Analog Behavioral Modeling and Controlled Source Syntax” in your
Multisim User Guide or helpfile.

Bipolar Sources

The bipolar current and voltage sources provide a pulsed current or voltage output.

» To change the output of a bipolar source:

1. Double-click on the source to open its properties dialog box and click the Value tab.
2. Change the following as desired:

* Positive Pulse <Current or Voltage> — depending on the source type, this is either the
value of the positive current or negative voltage pulse

* Negative Pulse <Current or Voltage> — depending on the source type, this is either the
value of the negative current or negative voltage pulse

* <Current or Voltage> Offset — depending on the source type, this is either the value of
the current or the voltage offset

* Duty Cycle/Pulse Duration Time — enter either value and the other changes
automatically

* Frequency(F)/Period — enter either value and the other changes automatically

* Rise Time

¢ Fall Time

* Dead Time/Dead Time Rate — enter either value and the other changes automatically

+ Effective Duty Cyle — read-only value that changes as you edit Duty Cycle/Pulse
Duration Time or Dead Time/Dead Time Rate.

3. Click OK to accept the changes and close the dialog.
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1.47 GAIN_2_PIN

This device is a voltage-controlled voltage source.
» To edit this device’s parameters:
1. Double-click on the placed component and select the Value tab.

2. Change the Voltage Gain as desired.
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Chapter 2
Basic Components

2.1 Connectors
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Connectors are mechanical devices used to provide a method of inputting and outputting
signals to a design. They do not affect the simulation of the circuit but are included in the
circuit for the design of the PCB.

2.2 Rated Virtual Components

This component family contains a number of virtual components that can be rated to “blow” if
pre-set tolerance(s) are exceeded when the circuit is simulated. These tolerances are set in the
Values tab of each component’s properties window.

Tip “Rated” values in a component’s Value tab define behavior and design. “Maximum”
values impose limits that, when exceeded, cause the component to “blow”.

The rated virtual components are found in the Basic group in the Rated Virtual family.
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2.2.1 Rated 555 Timer

955 _TIMER _RATED

WCC
—] RST T —
—] 0I5
—| THR
— TRI
—{ CON

GHD

The 555 timer is an IC chip that is commonly used as an astable multivibrator, a monostable
multivibrator or a voltage-controlled oscillator. The 555 timer consists basically of two
comparators, a resistive voltage divider, a flip-flop and a discharge transistor. It is a two-state
device whose output voltage level can be either high or low. The state of the output can be
controlled by proper input signals and time-delay elements connected externally to the 555
timer.

Note Refer to the Component Reference Guide for a more detailed discussion of the
555 timer.

» To adjust the component’s tolerances:
1. Double-click on the placed component and click the Value tab.
2. Change the following values as desired:

* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.
* Maximum Supply Voltage — the maximum supply voltage allowed. If this is exceeded
during simulation, the timer’s VCC pin blows.
* Maximum Qutput Current — the maximum output current allowed. If this is exceeded
during simulation, the timer’s OUT pin blows.
3. Click OK.
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2.2.2 Rated BJTs

A bipolar junction transistor, or BJT, is a current-based valve used for controlling electronic
current. BJTs are operated in three different modes, depending on which element is common
to input and output: common base, common emitter or common collector. The three modes
have different input and output impedances and different current gains, offering individual
advantages to a designer.

Note Refer to the Component Reference Guide for a more detailed discussion of BJTs.

» To adjust the component’s tolerances:

1. Double-click on the placed component and click the Value tab.

2. Change the following values as desired:

Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.

Maximum Collector-Emitter Voltage — the maximum collector-emitter voltage
allowed. If this value is exceeded during simulation, the BJT blows.

Maximum Collector-Base Voltage — the maximum collector-base voltage allowed. If
this value is exceeded during simulation, the BJT blows.

Maximum Emitter-Base Voltage — the maximum emitter-base voltage allowed. If this
value is exceeded during simulation, the BJT blows.

Maximum Collector Current — the maximum collector current allowed. If this value is
exceeded during simulation, the BJT blows.

Saturation Current — the maximum saturation current allowed. If this value is
exceeded during simulation, the BJT blows.

Maximum Forward Beta — the maximum forward beta allowed. If this value is
exceeded during simulation, the BJT blows.

3. Click OK.
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Rated Capacitors

e

TuF

A capacitor stores electrical energy in the form of an electrostatic field. Capacitors are widely
used to filter or remove AC signals from a variety of circuits. In a DC circuit, they can be used
to block the flow of direct current while allowing AC signals to pass.

A capacitor’s capacity to store energy is called its capacitance, C, which is measured in
farads.

The variable capacitor is simulated as an open circuit with a current across the capacitor
forced to zero by a large impedance value.

The polarized capacitor must be connected with the right polarity. Otherwise, an error
message will appear.

Note Refer to the Component Reference Guide for a more detailed discussion of capacitors.

» To adjust the component’s tolerances:

1. Double-click on the placed component and click the Value tab.
2. Change the following values as desired:

* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.
* Capacitance — set the capacitance as desired.
* Voltage Rating (Pk) — the maximum peak voltage across the capacitor allowed. If this
value is exceeded during simulation, the capacitor blows.
+ Initial Conditions — the initial charge across the capacitor, before simulation begins.
3. Click OK.

Rated Diodes

1]

_H_

a0y

Diodes allow current to flow in only one direction and can therefore be used as simple
solid-state switches in AC circuits, being either open (not conducting) or closed (conducting).
Terminal A is called the anode and terminal K is called the cathode.

Note Refer to the Component Reference Guide for a more detailed discussion of diodes.
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» To adjust the component’s tolerances:
1. Double-click on the placed component and click the Value tab.
2. Change the following values as desired:
* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.
* Reverse Breakdown Voltage — set as desired.
* Current at Breakdown Voltage — set as desired.
* Saturation Current — the maximum current through the capacitor allowed. If this
value is exceeded during simulation, the diode blows.
* Transit Time (sec) — used to model charge storage effects - pertains to the electrons

lifetime, alternately the hole lifetime at the p-n junction.
3. Click OK.

2.2.5 Rated Fuses

—of\djo—

14

This is a resistive component that protects against power surges and current overloads.

A fuse will blow (open) if the current in the circuit goes above /,,,., the maximum current
rating.

Note Refer to the Component Reference Guide for a more detailed discussion of fuses.
» To adjust the component’s tolerances:

1. Double-click on the placed component and click the Value tab.

2. Change the following values as desired:

* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.
¢ Maximum Current (Imax) — the maximum current allowed through the fuse. If this
value is exceeded during simulation, the fuse blows.
3. Click OK.
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2.2.6 Rated Inductors

1mH

An inductor stores energy in an electromagnetic field created by changes in current through it.
Its ability to oppose a change in current flow is called inductance, L, and is measured in
Henrys.

Note Refer to the Component Reference Guide for a more detailed discussion of inductors.
» To adjust the component’s tolerances:

1. Double-click on the placed component and click the Value tab.

2. Change the following values as desired:

* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.

* Inductance — the coil’s inductance. Set as desired.

* Coil Resistance — set as desired.

* Current Rating (Pk) — the maximum peak current allowed through the inductor. If this
value is exceeded during simulation, the inductor blows.

* Initial Conditions — the initial current through the inductor, before simulation begins.

3. Click OK.

2.2.7 Rated LEDs

¥

This diode emits visible light when forward current through it, /, exceeds the turn-on current,
1,,,. The electrical model of the LED is the same as the diode model.

Note Refer to the Component Reference Guide for a more detailed discussion of LEDs.
» To adjust the component’s tolerances:

1. Double-click on the placed component and click the Value tab.
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2. Change the following values as desired:

Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.

On Current (Ion) — the current required to switch the LED on.

Reverse Breakdown Voltage — set as desired.

Maximum Rated Power (Watts) — the maximum power dissipation across the LED
allowed. If this value is exceeded during simulation, the inductor blows.

3. Click OK.

2.2.8 Rated DC Motor

i

The component is a universal model of an ideal DC motor which can be used to model the
behavior of a DC motor excited in parallel, in series or separately.

Note Refer to the Component Reference Guide for a more detailed discussion of DC motors.

» To adjust the component’s tolerances:

1. Double-click on the placed component and click the Value tab.

2. Change the following values as desired:

Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.

Rated Armature Voltage (Van) — set as desired.

Maximum Armature Voltage — the maximum voltage across the armature allowed. If
this value is exceeded during simulation, the motor blows.

Rated Armature Current (Ian) — set as desired.

Maximum Armature Current — the maximum current through the armature allowed. If
this value is exceeded during simulation, the motor blows.

Rated Field Voltage (Vfn) — set as desired.

Maximum Field Voltage — the maximum field voltage allowed. If this value is
exceeded during simulation, the motor blows.

Armature Resistance (Ra) — set as desired.

Armature Inductance (La) — set as desired.

Field Resistance (Rf) — set as desired.

Field Inductance (Lf) — set as desired.
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Tip To view the following fields, click in a blank space in the Value tab and drag the mouse
upward.

* Shaft Friction (Bf) — set as desired.
* Rotational Inertia (J) — set as desired.
* Rated Rotational Speed (NN) — set as desired.
* Load Torque (TI) — set as desired.
3. Click OK.

2.2.9 Rated Relay

91

imH1 0

The magnetic relay is a coil with a specified inductance that causes a contact to open or close
when a specified current (Ion) charges it.

Note Refer to the Component Reference Guide for a more detailed discussion of relays.

» To adjust the component’s tolerances:
1. Double-click on the placed component and click the Value tab.
2. Change the following values as desired:

* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.

* Coil Inductance — set as desired.

* Coil Resistance — set as desired.

* On Current (Ion) — set as desired.

e Off Current (Ioff) — set as desired .

* Maximum Rated Voltage — the maximum voltage allowed. If this value is exceeded
during simulation, the relay blows.

* Maximum Rated Current — the maximum current allowed. If this value is exceeded
during simulation, the relay blows.

3. Click OK.
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2.2.10 Rated Opamp

OPAMP_RATED

An ideal operational amplifier (Opamp) is an amplifier with infinite gain, infinite input
impedance and zero output impedance. With the application of negative feedback, Opamps
can be used to implement functions such as addition, subtraction, differentiation, integration,
averaging and amplification.

An opamp can have a single input and single output, a differential input and single output, or
a differential input and differential output.

Note Refer to the Component Reference Guide for a more detailed discussion of opamps.
» To adjust the component’s tolerances:
1. Double-click on the placed component and click the Value tab.
2. Change the following values as desired:
* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.
¢ Maximum Supply Voltage (+/-) — the maximum voltage (+/) allowed. If this value is
exceeded during simulation, the opamp blows.
* Maximum Input Voltage (+/-) — the maximum input voltage (+/) allowed. If this value
is exceeded during simulation, the opamp blows.
* Maximum Differential Input Voltage — the maximum differential input voltage
allowed. If this value is exceeded during simulation, the opamp blows.

* Maximum Sink/Source Output Current — If this value is exceeded during simulation,
the opamp blows.
3. Click OK.
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2.2.11 Rated Photodiode

*%}PHOTO_DIODE_RATED

The photodiode emits a source of infrared light which is detected by the phototransistor.
These devices are intended to be used in pairs.

You must specify a light channel in each of these paired parts (photodiode and
phototransistor). This is done in the Value tab of the component’s properties screen. Each
diode must have a different value for its light channel, however, the phototransistor can share
the same value with several other phototransistors.

» To adjust the component’s tolerances:

1. Double-click on the placed component and click the Value tab.

2. Change the following values as desired:

Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.

Light Channel (Integer) — set to match the light channel for the corresponding
phototransistor(s).

On Current (Ion) — set as desired.

Reverse Breakdown Voltage — set as desired.

Maximum Rated Power (Watts) — If this value is exceeded during simulation, the
photodiode blows.

3. Click OK.

2.2.12 Rated Phototransistor

PHOTO_TRAMSISTOR_RATED W

R}

The photodiode emits a source of infrared light which is detected by the phototransistor.
These devices are are intended to be used in pairs.
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You must specify a light channel in each of these paired parts (photodiode and
phototransistor). This is done in the Value tab of the component’s properties screen. Each
diode must have a different value for its light channel, however, the phototransistor can share
the same value with several other phototransistors.

» To adjust the component’s tolerances:
1. Double-click on the placed component and click the Value tab.
2. Change the following values as desired:

* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.

* Light Channel (Integer) — set to match the light channel for the corresponding
photodiode.

¢ Maximum Collector-Emitter Voltage — If this value is exceeded during simulation, the
phototransistor blows.

* Maximum Collector Current — If this value is exceeded during simulation, the
phototransistor blows.
3. Click OK.

2.2.13 Rated Potentiometer

ey = &
1k 509

This component acts much like a tapped/split resistor, except that you can adjust its resistance.

Note Refer to the Component Reference Guide for a more detailed discussion of
potentiometers.

» To adjust the component’s tolerances:
1. Double-click on the placed component and click the Value tab.
2. Change the following values as desired:

+ Key — enter the key that will increase the resistance by the amount set in the Increment
field.

* Increment — enter the amount by which the resistance will increase when the key set
in the Key field is pressed.

* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.
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* Resistance — the maximum resistance of the potentiometer.
* Maximum Rated Power (Watts) — If this value is exceeded during simulation, the
potentiometer blows.
3. Click OK.

2.2.14 Rated Pullup

PULLUP_RATED
o
kR

This component is used to raise the voltage of a circuit to which it is connected. One end is
connected to Vcc. The other end is connected to a point in a logic circuit that needs to be
raised to a voltage level closer to Vce.

» To adjust the component’s tolerances:
1. Double-click on the placed component and click the Value tab.
2. Change the following values as desired:

* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.
* Voltage (V) — set as desired.
* Resistance — set as desired.
* Maximum Rated Power (Watts) — If this value is exceeded during simulation, the
pullup blows.
3. Click OK.

2.2.15 Rated Resistor

kR

Resistors come in a variety of sizes, related to the power they can safely dissipate.

Note Refer to the Component Reference Guide for a more detailed discussion of resistors.
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» To adjust the component’s tolerances:
1. Double-click on the placed component and click the Value tab.
2. Change the following values as desired:

* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.

* Resistance — set as desired.

* Maximum Rated Power (Watts) — If this value is exceeded during simulation, the
resistor blows.

* Temperature — set as desired.

* Temperature Coefficient 1 — set as desired.

* Temperature Coefficient 2 — set as desired.

* Nominal Temperature — set as desired.

3. Click OK.

2.2.16 Rated Transformers

. Bl .
The transformer is one of the most common and useful applications of inductance. It can step

up or step down an input primary voltage (V1) to a secondary voltage (V2). The relationship
is given by V1/V2 = n, where n is the ratio of the primary turns to the secondary turns.

2

Note Refer to the Component Reference Guide for a more detailed discussion of
transformers.

» To adjust the component’s tolerances:
1. Double-click on the placed component and click the Value tab.
2. Change the following values as desired:
* Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.

* Maximum Primary Voltage — If this value is exceeded during simulation, the resistor
blows.

* Maximum Primary Current — If this value is exceeded during simulation, the resistor
blows.

* Maximum Secondary 1 Voltage — If this value is exceeded during simulation, the
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resistor blows.

Maximum Secondary 1 Current — If this value is exceeded during simulation, the
resistor blows.

Maximum Secondary 2 Voltage — If this value is exceeded during simulation, the
resistor blows.

Maximum Secondary 2 Current — If this value is exceeded during simulation, the
resistor blows.

Maximum Output Power (kVA) — If this value is exceeded during simulation, the
resistor blows.

Primary-to-Secondary Turns Ratio — set as desired.

Leakage Inductance (Le) — set as desired.

Magnetizing Inductance (Lm) — set as desired.

Tip To view the following fields, click in a blank space in the Value tab and drag the mouse
upward.

Primary Winding Resistance — set as desired.
Secondary Winding Resistance — set as desired.

3. Click OK.

2.2.17 Rated Variable Capacitor

—=

0%

Key =4

TuF

This component acts much like a regular capacitor, except that you can, with a single
keystroke, adjust its capacitance.

Note

Refer to the Component Reference Guide for a more detailed discussion of capacitors.

» To adjust the component’s tolerances:

1. Double-click on the placed component and click the Value tab.

2. Change the following values as desired:

Key — enter the key that will increase the capacitance by the amount set in the
Increment field.

Increment — enter the amount by which the capacitance will increase when the key set
in the Key field is pressed (instead of pressing the key, you can hover your cursor over
the variable capacitor and click the button that pops up).

Animation Delay Factor — increase this number to slow the speed of animation of the
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symbol blowing. This is not a real-time value.

Capacitance — the maximum capacitance of the variable capacitor.

Initial Conditions — the charge across the capacitor that is present before simulation
starts.

Voltage Rating (Pk) — If this value is exceeded during simulation, the capacitor blows.

3. Click OK.

2.2.18 Rated Variable Inductor

0%
Key =4

1mH

This component acts much like a regular inductor, except that you can, with a single
keystroke, adjust its inductance.

Note Refer to the Component Reference Guide for a more detailed discussion of inductors.

» To adjust the component’s tolerances:

1. Double-click on the placed component and click the Value tab.

2. Change the following values as desired:

Key — enter the key that will increase the inductance by the amount set in the
Increment field.

Increment — enter the amount by which the inductance will increase when the key set
in the Key field is pressed (instead of pressing the key, you can hover your cursor over
the variable inductor and click the button that pops up).

Animation Delay Factor — increase this number to slow the speed of animation of the
symbol blowing. This is not a real-time value.

Inductance — the maximum inductance of the variable inductor.

Coil Resistance — set as desired.

Initial Conditions — the current through the inductor that is present before simulation
starts.

Current Rating (Pk) — If this value is exceeded during simulation, the inductor blows.

3. Click OK.
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2.2.19 Rated Virtual Components Toolbar

]
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Some of the more commonly-used rated virtual components can be placed using the
Rated Virtual Components toolbar.

» To display the Rated Virtual Components toolbar, click the Show Rated Family button in the
Virtual toolbar (refer to the Multisim User Guide for Virtual toolbar information).

The buttons (from left to right) in the Rated Virtual Components toolbar place the following
virtual components: NPN transistor; PNP transistor; Capacitor; Diode; Inductor; Motor;
normally closed relay; normally open relay; combination relay; resistor.

2.3 Sockets

1_[ e
2 P M
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DIp10

Sockets are mechanical devices that are used to connect devices onto a PCB. They do not
affect the simulation of the circuit but are included for the design of the PCB.

24 Switch

J1

o
Key= A

Switches are interactive components that can be closed or opened (turned on or off) by
pressing a key on the keyboard, or by using the mouse.
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» To specify the key that controls the switch:
1. Double-click on the switch and select its Value tab.
2. Select the key in the Key for Switch drop-down list and click OK.
» To toggle the switch on or off using the keyboard, press the identified key.

» To toggle the switch on or off using the mouse, hover the cursor over the switch’s arm and
click when the arm takes on a thickened appearance.

Non-interactive Switches

A small number of switches, for example, time delayed switches, current controlled switches
and voltage controlled switches are not interactive components. For these components, the
contents of the Value tab will be different than those described above, and will vary depending
on the selected component.

Change the settings for these devices in the usual manner; double-click on the component,
select the Value tab, and enter the desired parameters.

2.4.1 Switch Packs

J1

DIP switch packs are available in footprints that contain from 2 to 10 switches. These devices
are interactive components that can be closed or opened (turned on or off) by pressing a key
on the keyboard, or by using the mouse. The black circle on the switch indicates the ON
position for switch number 1 in the pack.

You can set a different activation key for each switch in the pack.
» To set switches’ activation keys:

1. Double-click on the DIP switch pack to display its properties dialog box and click on the
Value tab.

2. Enter the desired key for each switch in its corresponding field (Switch 1 Key, Switch 2 Key,
etc.) and click OK.

» To toggle a specific switch on or off using the keyboard, press the identified key.

> To toggle a specific switch on or off using the mouse, hover the cursor over the desired switch
and click when the switch is highlighted by a rectangle and cursor changes to a hand symbol.

Note Unused switches in a switch pack should be left in the OFF position for simulation.
For a discussion of interactive simulation, refer to the Multisim User Guide.
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2.5 SBREAK

This device is a voltage-controlled switch.

» To change the component’s parameters:
1. Double-click on the placed component and select the Value tab.
2. Change the following as desired:

* On-state Voltage (VON) — voltage at which the switch turns on.

* Off-state Voltage (VOFF) — voltage at which the switch turns off.

* On-state Resistance (RON) — resistance of the device during its on-state.

+ Off-state Resistance (ROF) — resistance of the device during its off-state.
3. Click OK to save to close the dialog box.

2.6 Resistor

R1
—AAN—
1kQ

0.1%

Resistors come in a variety of sizes, depending on the power they can safely dissipate. A
resistor’s resistance, R, is measured in ohms. Color-coded stripes on a real-world resistor
specify its resistance and tolerance. Larger resistors have this information printed on them.

Any electrical wire has resistance, depending on its material, diameter and length. Wires that
must conduct very heavy currents (for example, ground wires on lightning rods) have large
diameters to reduce resistance.

The power dissipated by a resistive circuit carrying electric current is in the form of heat.
Circuits dissipating excessive energy will literally burn up. Practical circuits must take power
capacity into account.

In Multisim, the Resistance, R, of a resistor instance is calculated using the following
equation:

R=Ro * { 1 + TC1*(T - To) + TC2*[(T-To)"2] }

where:

R = The resistance of the resistor

Ro = The resistance of the resistor at temperature To

To = Nominal temperature = 27 degrees C [CONSTANT]

TC1 = First order temperature coefficient
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TC2 = Second order temperature coefficient

T = Temperature of the resistor

2.6.1 About Resistance

Ohm's law states that current flow depends on circuit resistance:
I=E/R

Circuit resistance can be calculated from the current flow and the voltage:
R=E/1

Circuit resistance can be increased by connecting resistors in series:
R=R1+R2+..+Rn

Circuit resistance can be reduced by placing one resistor in parallel with another.

2.6.2 Characteristic Equation

The current through the resistor uses the model:

. V=1
i=——
R
where:
1= current

V, = voltage at node 1
V, = voltage at node 2

R = resistance

2.6.3 Changing a Placed Resistor’s Value

» To change the value, and other parameters of a placed resistor:
1. Double-click on the resistor and select the Value tab.

2. Select the desired resistance from the Resistance(R) list. If it is not there, type the value
you want.

3. Select the desired tolerance from the Tolerance list, or type in a value.
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4. Optionally, enter information in the Component Type (for example, carbon film) and
Hyperlink fields.

5. Optionally, enable the Additional SPICE Simulation Parameters fields described below:

* Temperature (TEMP) — the device’s operating temperature.

* Temperature Coefficient (TC1) — first order temperature coefficient.

* Temperature Coefficient (TC2) — second order temperature coefficient.

* Nominal Temperature (TNOM) — the normal temperature at which model parameters
are measured and calculated.

6. Optionally, change the Layout Settings as described below:

+ Edit Footprint button — click to display the Edit Footprint dialog box where you can

select a new Footprint and Manufacturer.

Note For information on placing resistors, and information on how to edit footprints, refer to
the Multisim User Guide or the Multisim helpfile.

2.7 Capacitor

1
+
I
1.0F
A capacitor stores electrical energy in the form of an electrostatic field. Capacitors are widely

used to filter or remove AC signals from a variety of circuits. In a DC circuit, they can be used
to block the flow of direct current while allowing AC signals to pass.

A capacitor’s capacity to store energy is called its capacitance, C, which is measured in
farads.

Capacitors in an AC circuit behave as “short circuits” to AC signals. They are widely used to
filter or remove AC signals from a variety of circuits — AC ripple in DC power supplies, AC
noise from computer circuits, etc.

Capacitors prevent the flow of direct current in a DC circuit. They can be used to block the
flow of DC, while allowing AC signals to pass. Using capacitors to couple one circuit to
another is a common practice.

Capacitors take a predictable time to charge and discharge and can be used in a variety of
time-delay circuits. They are similar to inductors and are often used with them for this

purpose.
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2.7.1 Characteristic Equation

The current through the capacitor is equal to C multiplied by the rate of change in voltage
across the capacitor, that is:

=l
dt

2.7.2 DC Model

In the DC model, the capacitor is represented by an open circuit.

2.7.3 Time-Domain Model

R, 1s an equivalent resistance and i, is an equivalent current source. The expression for the R,
and i, depends on the numerical integration method used.

cn

For trapezoid method:

ch = i

2C

Vo +in

icn =

For the first-order Gear method Backward Euler:

ch =

als

Va

) C
len = —
h
where:

V..., = present unknown voltage across the capacitor
i,,; = present unknown current through the capacitor
V.. in = previous solution values

h = time step

n = time interval
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These expressions are derived by applying appropriate numerical integration to the
characteristic equation of the capacitor.

2.7.4 AC Frequency Model

For the small-signal analysis, the capacitor is modeled by an impedance whose imaginary
component is equal to:

1

27C

where:

f=

frequency of operation

C = capacitance value

2.7.5 Changing a Placed Capacitor’s Value

» To change the value, and other parameters of a placed capacitor:

1.
2.

Double-click on the capacitor and select the Value tab.

Select the desired capacitance from the Capacitance(C) list. If it is not there, type the value
you want.

Select the desired tolerance from the Tolerance list, or type in a value.

Optionally, enter information in the Component Type (for example, ceramic) and
Hyperlink fields.
Optionally, enable the Additional SPICE Simulation Parameters field described below:

* Initial Conditions checkbox — enable and then enter an initial voltage charge for the
capacitor.
Optionally, change the Layout Settings as described below:

+ Edit Footprint button — click to display the Edit Footprint dialog box where you can
select a new Footprint and Manufacturer.

Note For information on placing capacitors, and information on how to edit footprints, refer

to the Multisim User Guide or the Multisim helpfile.
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2.8 Inductor

L1

P

“1mH

An inductor stores energy in an electromagnetic field created by changes in current through it.
Its ability to oppose a change in current flow is called inductance, L, and is measured in
Henrys.

An inductor is a coil of wire of one “turn” or more. It reacts to being placed in a changing
magnetic field by developing an “induced” voltage across the turns of the inductance, and will
provide current to a load across the inductance. Voltages can be very large.

Inductors, like capacitors, store energy in magnetic fields. Their “charge” and “discharge”
times make them useful in time-delay circuits.

2.8.1 Characteristic Equation

The voltage across the inductor is equal to the inductance, L, multiplied by the change in
current through the inductor, that is:

v=Lﬂ
dt

2.8.2 DC Model

In the DC model, the inductor is represented by a short circuit.

2.8.3 Time-Domain Model

R,, 1s an equivalent resistance and iy, is an equivalent current source. The expression for the
R;, and i, depends on the numerical integration method used.
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For trapezoid method:

RLn = %
h
iLn = i Vr + in
L
For Gear method (first order):
L
RLn =
h
h
I = —Vn
L

where:

V.., = present unknown voltage across the inductor
i,,, = present unknown current through the inductor
V.. in= previous solution values

h = time step

n = time interval

These expressions are derived by applying appropriate numerical integration to the
characteristic equation of the inductor.

2.8.4 AC Frequency Model

For the small-signal analysis, the inductor is modeled by an impedance with its imaginary
component equal to 27fL,

where:
f = frequency of operation of the circuit

L = inductance value
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2.8.5 Changing a Placed Inductor’s Value

» To change the value, and other parameters of a placed inductor:

1.
2.

Double-click on the inductor and select the Value tab.

Select the desired inductance from the Inductance(L) list. If it is not there, type the value
you want.

Select the desired tolerance from the Tolerance list, or type in a value.

Optionally, enter information in the Component Type (for example, coil) and Hyperlink
fields.

Optionally, enable the Additional SPICE Simulation Parameters field described below:

Initial Conditions checkbox — enable and then enter an initial current for the inductor.

Optionally, change the Layout Settings as described below:

+ Edit Footprint button — click to display the Edit Footprint dialog box where you can

select a new Footprint and Manufacturer.

Note For information on placing inductors, and information on how to edit footprints, refer

to the Multisim User Guide or the Multisim helpfile.

2.9 Advanced Inductor

» To change the parameters of an advanced inductor:

1.

Double-click on the placed inductor and select the Value tab.

2. Change the parameters listed below as desired:

Nominal Inductance (Lo) — inductance at low frequency/current.

Inductor Self Resonant Frequency (fo) — frequency at which the impedance.
magnitudes of the nominal inductor and the parasitic capacitor are equal.
Inductor Series Resistance (Rdc) — resistance of the inductor winding.
Inductor Quality Factor (Q) — quality factor of the parallel RLC combination.

Inductor Rated Current(Idc) — current at which the nominal inductance reduces to
90%.

3. Click OK.
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Advanced Inductor Model Overview

The advanced inductor model includes both non-ideal AC and DC effects. The simplified
subcircuit for the inductor has the following model:

fﬂ
L=Tlofl- =%
( 1052)

de

dl

=L
In, I nde I, In
+ 1 My e +

Cp
|1
1

Rp
Ay

The actual inductor model includes a dependent voltage source that is proportional to the
derivative of the current, I} . See “Advanced Inductor Model Implementation” on page 2-28
for a more detailed implementation overview.

A discussion of the model’s parameters follows.

AC

The AC aspect of the model simulates the capacitive behavior of the inductor. A parallel
capacitance, Cp, is inserted in parallel to model this effect. The parallel combination of the
inductor and capacitor create a resonant frequency defined by:

1
fom
e le*Cp

This quantity is specified in datasheets and is entered in the Inductor Self Resonant Frequency
field.

Magnetic loss, which dampens the resonant peak, is modeled with a parallel resistor, Rp. The
relationship between Rp and the inductor quality factor Q, is:

'

C= o
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The inductor quality factor is also available in datasheets and is entered in the Inductor
Quality Factor field.

DC

The DC aspect of the model includes a series DC resistance, and a non-linear inductor whose
inductance varies with current.

The DC resistance is the winding material resistance and is specified on the datasheet. It is
entered in the Inductor Series Resistance field.

The non-linear inductance models the core’s saturation using a second order polynomial. The
polynomial coefficient is set such that when the inductor current reaches the rated current
(Idc), the inductance has dropped to 90% of its nominal value, Lo. Both the nominal
inductance and rated current can be found on the datasheet and are entered into the Nominal
Inductance and Inductor Rated Current fields. The inductance value is clipped when it reaches
10% of the nominal value, to prevent the value from becoming negative.

Lo
09Lo ]

0.1Lo
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2.9.1 Advanced Inductor Model Implementation

The schematic version of the advanced inductor SPICE model is shown below. Nodes 1 and 2
are the inductor's terminals.

Bmain 3 4 V={if(abs(i(v1)) < 3*Idc ,
+Lo*(1-0.1/(Idc"2)*i(v1)*2)* i(v_di_dt), Lo*0.1*i(v_di_dt))}

V1
1 3> (= )4 %% 2,

v_di_dt

1F @ B2
T . 0 B2 6 0 V={i(v1)}
1

Components Rdc, Cp, and Rp are parasitics that model the DC resistance and frequency
response. The actual non-linear inductor is implemented using the Analog Behavioral
Modeling (ABM) source, Bmain, and a secondary circuit. This is done by modeling the
derivative operator, which is inherent to the inductor I/V relationship, with a unity-valued
capacitor in a separate circuit.

The unity-valued capacitor is driven with a voltage value equal to the inductor current using
ABM source B2, by referencing the current through the 0-volt source V1. In the expression of
Bmain, the generated capacitor current (the derivative) is referenced through a 0 volt voltage
source, v_di_dt.
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Within the Bmain expression, the segment Lo*(1-0.1/(Idc”2)*i(vi)"2)* v_di_dt is exactly the
inductor equation we desire:

2
V= La(l- 2 y*x4s
102" a

The if-statement switches between the non-linear inductor model and the constant linear
inductor model when the inductance falls to 10% of nominal value (or current has reached
3*Mdc).

References

[1] Martin O’Hara, “Modeling Non-Ideal Inductors in SPICE, Martin O’Hara,” EETimes
Asia, April 2002

2.10 Transformer

The transformer is one of the most common and useful applications of inductance. It can step
up or step down an input primary voltage (V1) to a secondary voltage (V2). The relationship
is given by V1/V2 = n, where n is the ratio of the primary turns to the secondary turns. The
parameter n can be adjusted by editing the transformer's model.

To properly simulate the transformer, both sides must have a common reference point, which
may be ground. The transformer can also be used in a center-tapped configuration. A
center-tap is provided which may be used for this purpose. The voltage across the tap is half
of the total secondary voltage.

This transformer is suitable for getting quick results. To simulate realistic devices that include
a transformer, you should use the nonlinear transformer.

Note Both sides of a transformer must be grounded.

2.10.1 Characteristic Equation

The characteristic equation of an ideal transformer is given by:
Vi=nV,
N
L=
n
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where:

V,=primary voltage
V,=secondary voltage
n = turns ratio

I,= primary current

1,=secondary current

2.10.2 Ildeal Transformer Model Parameters and Defaults

Symbol Parameter Name Default Unit
n Turns ratio 2 -

L. Leakage inductance 0.001 H

L, Magnetizing inductance 5 H
Rp Primary winding resistance 0.0 w
Rs Secondary winding resistance 0.0 w

Ifn> 1, it is a step-down transformer; if n < 1, it is a step-up transformer.

2.11 Nonlinear Transformer

T2
HLT_IDEAL

This component is based on a general model that can be customized for different applications.

It is implemented using a conceptual magnetic core and coreless coil building blocks, together
with resistors and inductors. Using this transformer, you can model physical effects such as
nonlinear magnetic saturation, primary and secondary winding losses, primary and secondary
leakage inductances, and core geometric size.

See the “Magnetic Core” description for characteristic equations of the magnetic core.
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2.11.1 Customizing

The nonlinear transformer can be customized for different applications. It is implemented by
using a magnetic core and the coreless coil as the basic building blocks. The magnetic core
takes in an input voltage and converts it to a Magnetomotive Force (mmf). The Magnetic
Field Intensity (H) is calculated by dividing the mmf by the Length of the core:

H = mmf/L

H is then used to find the corresponding Flux Density (B). This is done by using the linear
relationship described in the H-B array of coordinate pairs. This H-B array can be taken from
the averaging H-B curve, which may be obtained from a technical manual that specifies the
magnetic characteristics of different cores.

The slope of the B-H function is never allowed to change abruptly, but is smoothly varied
whenever the Input Smoothing domain parameter is set to a number greater than zero.

The Flux Density (B) is multiplied by the cross-sectional area to obtain a Flux Value. The
Flux Value is used by the coreless coil to obtain a value for the voltage reflected back across
the terminals.

The core is modeled to be lossless. No core losses are considered. In the transformer model,
the only losses taken into account are the ones modeled by the winding resistances.

To obtain the H-B points of the curve:

+ Contact a manufacturing company. They many be able to provide the technical data
required to model a core.
* Obtain experimental data.

2.11.2 Nonlinear Transformer Parameters and Defaults

Symbol Parameter Name Default Unit
N1 Primary turns 1 -

R1 Primary resistance 1e-06 w
L1 Primary leakage inductance 0.0 H
N2 Secondary turns 1 -

R2 Secondary resistance 1e-06 w
L2 Secondary leakage inductance 0.0 H
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Symbol Parameter Name Default Unit

A Cross-sectional area 1.0 m?2

L Core length 1.0 m

ISD Input smoothing domain 1.0% -

N Number of co-ordinates 2

H1 Magnetic field co-ordinate 1 0 A*turns/m
H2 Magnetic field co-ordinate2 1.0 A*turns/m
H3-H15 Magnetic field co-ordinates 0 A*turns/m
B1 Flux density co-ordinate 1 0 Wh/m?
B2 Flux density co-ordinate 2 1.0 Whb/m?
B3-B15 Flux density co-ordinates 0 Wh/m?

212 Relay

K1

L
ot

EDRZO1A05

The magnetic relay can be used as a normally open or normally closed relay. It is activated
when the current in the energizing circuit (attached to P, P,) exceeds the value of the
switch-on current (Ion). During operation, the contact switches from the normally closed
terminals (S;, S3) to the normally open terminals (S}, S,). The relay will remain on as long as
the current in the circuit is greater than the holding current (/). The value of 7;,; must be less
than that of 7,,,.

The magnetic relay is a coil with a specified inductance (Lc, in henries) that causes a contact
to open or close when a specified current (Ion, in A) charges it.

The contact remains in the same position until the current falls below the holding value (Ihd,
in A), at which point it returns to its original position.
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2.12.1 Model

The energizing coil of the relay is modeled as an inductor, and the relay’s switching contact is
modeled as resistors R, and R,.

2.12.2 Characteristic Equation

R,=0

R2=- ifip <ion
R,=-

R2=0 if iha < ion <ip
where:

L = inductance of the relay energizing coil, in henrys

R, g, = resistance of the relay’s switching contact, in ohms
i,,= turn-on current, in amperes

i,¢ = holding current, in amperes

i,= current through the energizing coil, in amperes

2.13 Variable Capacitor

1

——

100pF 50%
Key=A
rh Iy

The variable capacitor acts much like a regular capacitor, except that you can adjust its value
using the keyboard or by hovering the cursor over the device and moving the slider bar that
appears.

» To set up the variable capacitor:
1. Double-click on the variable capacitor and select the Value tab.
2. Enter the desired maximum capacitance for the device in the Capacitance field.

3. Enter the Key that will change the variable capacitor’s value when pressed.
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4. Enter the percentage by which you want the variable capacitor to change in the Increment
field.

5. Optionally, enter Component Type and Hyperlink information.
6. Optionally, change the Layout Settings as described below:

+ Edit Footprint button — click to display the Edit Footprint dialog box where you can
select a new Footprint and Manufacturer.

Note For information on placing capacitors and variable capacitors, and information on how
to edit footprints, refer to the Multisim User Guide or the Multisim helpfile.

» To increase the variable capacitor’s value using the keyboard, press the identified key. The
variable capacitor’s setting will increase in steps the size of the value entered in the Increment
field. For example, if the device is a 200 pF variable capacitor, and the Increment is set to 5%,
its capacitance will increase by 10 pF steps until it reaches its maximum value of 200 pF.

» To decrease the value using the keyboard, press and hold SHIFT and press the identified key.

For example, say the variable capacitor is set to 45%, the increment is 5% and the key is C.
Press C, and the setting increases to 50%. Press C again, and it increases to 55%. Press SHIFT
and C, and the setting decreases to 50%.

» To adjust the variable capacitor’s value using the mouse:
1. Hover the cursor over the device to display its slider bar.

2. Drag the slider to the right to increase the value, or to the left to decrease the value.

Characteristic Equation and Model

This component’s capacitance, C, is computed based on the initial settings according to the
equation:

Setting
100

* Capacitance

The variable capacitor is simulated as an open circuit with a current across the capacitor
forced to zero by a large impedance value.
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2.14 Variable Inductor

L1

T0uH  50%
Key=A
LN

The variable inductor acts much like a regular inductor, except that you can adjust its value
using the keyboard or by hovering the cursor over the device and moving the slider bar that
appears.

» To set up the variable inductor:

1. Double-click on the variable inductor and select the Value tab.

2. Enter the desired maximum inductance for the device in the Inductance field.
3. Enter the Key that will change the variable inducotor’s value when pressed.
4

. Enter the percentage by which you want the variable inductor to change in the Increment
field.

Enter the desired Coil Resistance.

o

6. Optionally, enter Component Type and Hyperlink information.
7. Optionally, change the Layout Settings as described below:

+ Edit Footprint button — click to display the Edit Footprint dialog box where you can
select a new Footprint and Manufacturer.

Note For information on placing inductors and variable inductors, and information on how
to edit footprints, refer to the Multisim User Guide or the Multisim helpfile.

» To increase the variable inductor’s value using the keyboard, press the identified key. The
variable inductor’s setting will increase in steps the size of the value entered in the Increment
field. For example, if the device is a 200 uH variable capacitor, and the Increment is set to 5%,
its inductance will increase by 10 uH steps until it reaches its maximum value of 200 uH.

» To decrease the value using the keyboard, press and hold SHIFT and press the identified key.

For example, say the variable inductor is set to 45%, the increment is 5% and the key is H.
Press H, and the setting increases to 50%. Press H again, and it increases to 55%. Press SHIFT
and H, and the setting decreases to 50%.

» To adjust the variable inductor’s value using the mouse:
1. Hover the cursor over the device to display its slider bar.

2. Drag the slider to the right to increase the value, or to the left to decrease the value.
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Characteristic Equation and Model

This component’s inductance, L, is computed based on the initial settings according to the

equation:
Setting
L= * Inductance
100

The variable inductor is simulated as an open circuit with a current across the inductor forced
to zero by a large impedance value.

2.15 Potentiometer

R1

1k

o
Key=A 0%

The potentiometer acts much like a regular resistor, except that you can adjust its value using
the keyboard or by hovering the cursor over the device and moving the slider bar that appears.

» To set up the potentiometer:

1. Double-click on the potentiometer and select the Value tab.

2. Enter the desired maximum resistance for the device in the Resistance (R) field.
3. Enter the Key that will change the potentiometer’s value when pressed.
4

. Enter the percentage by which you want the potentiometer to change in the Increment
field.

5. Optionally, enter Component Type and Hyperlink information.

o

Optionally, change the Layout Settings as described below:

+ Edit Footprint button — click to display the Edit Footprint dialog box where you can
select a new Footprint and Manufacturer.

Note For information on placing resistors and potentiometers, and information on how to
edit footprints, refer to the Multisim User Guide or the Multisim helpfile.

» To increase the potentiometer’s value using the keyboard, press the identified key. The
potentiometer’s setting will increase in steps the size of the value entered in the Increment
field. For example, if the device is a 200k linear potentiometer, and the Increment is set to 5%,
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its resistance will increase by 10k steps until it reaches the potentiometer’s maximum value of
200k ohms.

» To decrease the value using the keyboard, press and hold SHIFT and press the identified key.

For example, say the potentiometer is set to 45%, the increment is 5% and the key is R. Press
R, and the setting increases to 50%. Press R again, and it increases to 55%. Press SHIFT and R,
and the setting decreases to 50%.

» To adjust the potentiometer’s value using the mouse:
1. Hover the cursor over the device to display its slider bar.

2. Drag the slider to the right to increase the value, or to the left to decrease the value.

Characteristic Equation and Model

The potentiometer is simulated using two resistors, R; and R, whose values are computed
using the potentiometer’s initial settings.

Setting )
r= * Resistance

100

where:
R, =r

R,= Resistance —r

2.16 Pullup

o

R1
FULLUF

This component is used to raise the voltage of a circuit to which it is connected. One end is
connected to Vcc. The other end is connected to a point in a logic circuit that needs to be
raised to a voltage level closer to Vce.
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2.17 Resistor Packs

Ry

1¥45IP R
: 13

111
FREN

—

T T2 TaTa

Resistor packs are collections of resistors within a single package. The configuration of the
resistors can be varied based on the intended usage of the package. Resistor packs are used to
minimize the amount of space required on the PCB for the design. In some applications, noise
can be a consideration for the use of resistor packs.

2.18 Voltage Controlled Resistor

The resistance of this device is controlled by the voltage that is applied across the “+” and “-”
terminals. For every volt applied, the resistance increases by the amount set in the Value tab of
the resistor’s properties dialog. The default value is 1 kohm per volt. You can change this as
desired in the Resistance field of the Value tab.

219 Voltage Controlled Capacitor

The capacitance of this device is controlled by the voltage that is applied across the “+” and
“-” terminals. For every volt applied, the capacitance increases by the amount set in the Value
tab of the capacitor’s properties dialog. The default value is 1 farad per volt. You can change
this as desired in the Capacitance field of the Value tab.

2.20 Voltage Controlled Inductor

The inductance of this device is controlled by the voltage that is applied across the “+” and “-”
terminals. For every volt applied, the inductance increases by the amount set in the Value tab
of the inductor’s properties dialog. The default value is 1 henry per volt. You can change this
as desired in the Inductance field of the Value tab.
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2.21 Magnetic Core

T

]

1=g.m 1m

This component is a conceptual model that you can use as a building block to create a wide
variety of inductive and magnetic circuit models. Typically, you would use the magnetic core
together with the coreless coil to build up systems that mock the behavior of linear and
nonlinear magnetic components. It takes as input a voltage which it treats as a magnetomotive
force (mmf) value.

Characteristic Equation

Magnetic field intensity, H, is:

H=mmf/1]

where:

mmf = magnetomotive force, the input voltage

/= core length

Flux density, B, is derived from a piecewise linear transfer function described to the model by
the (magnetic field, flux density) pairs that you input in the Circuit/Component Properties
dialog box. The final current, I, allowed to flow through the core is used to obtain a value for
the voltage reflected back across the terminals. It is calculated as:

I=BA

where:

A = cross-sectional area
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Magnetic Core Parameters and Defaults

Symbol Parameter Name Default Unit

A Cross-sectional area 1 m?

L Core length 1 m

ISD Input smoothing domain% 1 -

N Number of co-ordinates 2 -

H1 Magnetic field co-ordinate 1 0 Aturns/m
H2 Magnetic field co-ordinate 2 1.0 Aturns/m
H3-H15 Magnetic field co-ordinates 0 Aturns/m
B1 Flux density co-ordinate 1 0 Whb/m?2
B2 Flux density co-ordinate 2 1.0 Whb/m?2
B3-B15 Flux density co-ordinates 0 Whb/m?2

2.22 Coreless Coil

T2
1 Turns

This component is a conceptual model that you can use as a building block to create a wide
variety of inductive and magnetic circuit models. Typically, you would use the coreless coil
together with the magnetic core to build up systems that mock the behavior of linear and
nonlinear magnetic components. It takes as input a current and produces a voltage. The output
voltage behaves like a magnetomotive force in a magnetic circuit, that is, when the coreless
coil is connected to the magnetic core or some other resistive device, a current flows.
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2.22.1 Characteristic Equation

V. .= N%*i

out mn
where:
V,..= output voltage value (magnetomotive force)

i,,= input current

2.22.2 Coreless Coil Parameters and Defaults

Symbol Parameter Name Default Unit

N Number of inductor turns 1 -

2.23 Z Loads

2.23.1 A+jB Block

i

—  Z-A4B —

The A+jB Block is a circuit block with resistance and inductance connected in series.
“A” is resistance, “B” is inductive reactance (X ) at a specified frequency and j Z-_1.

X.=2nfL, where f'is the specified frequency and L is the inductance.
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2.23.2 A-B Block

72

—  7=AjB [—

The A- jB Block is a circuit block with resistance and capacitance connected in series.

“A” is resistance, “B” is capacitive reactance (Xc) at a specified frequency and ; 2-_1.

1

Xe=—
27fC

where fis the specified frequency and C is the capacitance.

2.23.3 ZlLoad 1

1
1kOhm 1mH 1uF

Z Load 1 is a circuit block with values of R, L and C as shown.

2.23.4 Z Load 1 Delta

1kOhm 1mH 1uF

Z Load 1 Delta is a delta connection of three Z Load 1s as shown.
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2.23.5 Z Load 1 Wye

BR0G

1kOhm 1mH 1uF

Z Load 1 Wye is a delta connection of three Z Load 1s as shown.

2.23.6 ZLoad 2

Fil|
|
1kOhm 1mH 1uF

Z Load 2 is an RLC series connection block with R, L, and C values as shown.

2.23.7 Z Load 2 Delta

1kOhm 1mH 1uF

Z Load 2 Delta is a delta connection of three Z Load 2s as shown.
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2.23.8 Z Load 2 Wye

|
Py o o

A P e

Py o o
1kOhm 1mH 1uF

Z Load 2 Wye is a wye connection of three Z Load 2s as shown.

2.239 ZLoad 3

il

1kOhm 1mH 1uF

Z Load 3 is a circuit block with an RLC parallel connection with R, L and C values as shown.
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Chapter 3
Diodes

3.1 Diode

04

R

1H1133C

Diodes allow current to flow in only one direction and can therefore be used as simple solid-
state switches in AC circuits, being either open (not conducting) or closed (conducting).
Terminal A is called the anode and terminal K is called the cathode.

3.1.1 Diodes: Background Information

Diodes exhibit a number of useful characteristics, such as predictable capacitance (that can be
voltage controlled) and a region of very stable voltage. They can, therefore, be used as
switching devices, voltage-controlled capacitors (varactors) and voltage references (Zener
diodes).

Because diodes will conduct current easily in only one direction, they are used extensively as
power rectifiers, converting AC signals to pulsating DC signals, for both power applications
and radio receivers.

Diodes behave as voltage-controlled switches, and have replaced mechanical switches and
relays in many applications requiring remote signal switching.

Even indicator lamps are now replaced with diodes (LEDs) that emit light in a variety of
colors when conducting.

A special form of diode, called a Zener diode, is useful for voltage regulation.
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3.1.2 DC Model

The DC characteristic of a real diode in Multisim is divided into the forward and reverse
characteristics.

DC forward characteristic:
VD

I, = Is(e"VT = 1} +V, %G, for V, = —5nV,

DC reverse characteristic:

VD
Il e"" =1|+V, %G, for —5nV, <V, <0
—1, +V,*G for — BV <V, <-=5nV,
Io=1_1py for V, =BV
_(ﬂ] BY
I e T —1+— for V, <—BV
T
where:

I, = current through the diode, in amperes

V,, = voltage across the diode, in volts

V= thermal voltage (= 0.0258 volts at room temperature (27°C))
BV = breakdown voltage

Igis equivalent to the reverse saturation current (/,) of a diode. In a real diode, /g doubles for
every 10-degree rise in temperature.

Other symbols used in these equations are defined in “Diode Parameters and Defaults”.
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3.1.3 Time-Domain Model

This model defines the operation of the diode, taking into account its charge-storage effects or
capacitance. There are two types of capacitances: diffusion or storage capacitance, and
depletion or junction capacitance.

The charge-storage element, C,, takes into account both of these as follows:

z‘,dI—D +Cj0(1-V—Dj for V, < FC* j,
c -l W P
" a, c v,
7, -2 + 0 (FS+m D] for V, > FCx j,
v, K P

where:

Cj,= zero-bias junction capacitance; typically 0.1 to 10 picofarads
@,= junction potential; typically 0.5 to 0.7 volts

7,= transit time; typically 1 nanosecond

m = junction grading coefficient; typically 0.33 to 0.5

and where F, and F are constants whose values are:

Fa=(1-FC)"*"
F3=1-FC(1+m)
Notes

1. The voltage drop across the diode varies depending on the set value of:
I= saturation current; typically 10-14 amperes
rs= ohmic resistance; typically 0.05 ohms.

2. The parameter 7, is proportional to the reverse recovery time of the diode. That is, it affects
the turn-off or switching speed of the diode. It is the time required for the minority carrier
to cross the junction.

3. The barrier potential for a diode is approximately 0.7 to 0.8 volts. This is not to be
confused with the model parameter ¢, given above.
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3.1.4 AC Small-Signal Model

The figure below shows the linearized, small-signal diode model, in which the diode is
represented by a small-signal conductance, g;, The small-signal capacitance is also evaluated
at the DC operating point.

B dID| s TV;T
&= avy " €
9 VD " H
i0, T,%g, +C 1-¢0 for V, < FC* j,

Cp= |0P =
dVD . CjO mVD
T,*€gp +? ]'73 +

where:

for V,, 2 FC* j,

OP = operating point
Qp = the charge on Cp

3.1.5 Diode Parameters and Defaults

Symbol Parameter Name Default Typical Value Unit
IS Saturation current 1e-14 1e-9 - 1e-18 cannot A
be 0
RS Ohmic resistance 0 10 w
CJO Zero-bias junction 0 0.01-10e-12 F
capacitance

\Al Junction potential 1 0.05-0.7 \%
TT Transit time 0 1.0e-10 s

M Grading coefficient 0.5 0.33-0.5 -
Symbol Parameter Name Default Typical Value Unit
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Symbol Parameter Name Default Typical Value Unit

BV Reverse bias breakdown 1e+30 - \%
voltage

N Emission coefficient 1 1 -

EG Activation energy 1.1 1.1 eV

XTI Temperature exponent for 3.0 3.0 -
effecton IS

KF Flicker noise coefficient 0 0 -

AF Flicker noise exponent 1 1 -

FC Coefficient for forward-bias 0.5 0.5 -
depletion capacitance formula

1BV Current at reverse breakdown 0.001 1.0e-03 A
voltage

TNOM Parameter measurement 27 27-50 °C
temperature

3.2 Pin Diode

oz

o

1HET19

The PIN diode consists of three semiconductor materials.

The center material is made up of intrinsic (pure) silicon. The p- and n-type materials are

heavily doped and, as a result, have very low resistances.

When reverse biased, the PIN diode acts as a capacitor. The intrinsic material can be seen as
the dielectric of a capacitor. The heavily doped p- and n-type materials can be viewed as the

two conductors.

The intrinsic layer, which is a pure semiconductor with no impurities, makes the PIN diode

respond better to infrared photons that penetrate deeper into the diode’s regions.

The intrinsic layer creates a larger depletion region, which causes the diode to produce a more
linear change in current in response to changes in light intensity.
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3.3 Zener Diode

oz
l*' 1H4037
A zener diode is designed to operate in the reverse breakdown, or Zener, region, beyond the

peak inverse voltage rating of normal diodes. This reverse breakdown voltage is called the
Zener test voltage (Vzt), which can range between 2.4 V and 200 V.

In the forward region, it starts conducting around 0.7 V, just like an ordinary silicon diode. In
the leakage region, between zero and breakdown, it has only a small reverse current. The
breakdown has a sharp knee, followed by an almost vertical increase in current.

Zener diodes are used primarily for voltage regulation because they maintain constant output
voltage despite changes in current.

3.3.1 DC Model

The DC characteristic of a real diode in Multisim is divided into the forward and reverse
characteristics.

DC forward characteristic:
Ip
I, = ISLe”VT - 1} +V, %G for V= —5nV,

DC reverse characteristic:

Vb
Il e"" =1|+V, %G, for —5nV; <V, <0
I +V,*G . for —BV <V, <-5nV,
Io=1_rpy for Vy =BV
BV+V)p
—1 e( " j—1+ﬂ for V, <—-BV
T
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where:

I, = current through the diode in amperes

V,, = voltage across the diode in volts

V; = thermal voltage (= 0.0258 volts at room temperature (27°C))

BV = breakdown voltage

Iy is equivalent to the reverse saturation current (/,) of a diode. In a real diode, Ig doubles for
every 10-degree rise in temperature.

Other symbols used in these equations are defined in the table below.

3.3.2 Zener Diode Parameters and Defaults

Symbol Parameter name Default Unit
Is Saturation current 1e-14 A
Rs Ohmic resistance 0 w
CJO Zero-bias junction capacitance 0 F
\A Junction potential 1 \%
TT Transit time 0 S

M Grading coefficient 0.5 -
VZT Zener test voltage 1e+30 \%
IZT Zener test current 0.001 A

N Emission coefficient 1 -
EG Activation energy 1.1 eV
XTI Temperature exponent for effect 3.0 -

onls

Symbol Parameter name Default Unit
KF Flicker noise coefficient 0 -
AF Flicker noise exponent 1 -
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Symbol Parameter name Default Unit

FC Coefficient for forward-bias 0.5 -
depletion capacitance formula

TNOM Parameter measurement 27 °C
temperature

3.4 LED (Light-Emitting Diode)

¥:

This diode emits visible light when forward current through it, /, exceeds the turn-on current,
I

on*

LEDs are used in the field of optoelectronics. Infrared devices are used together with
spectrally matched phototransistors in optoisolation couplers, hand-held remote controllers,
and in fiber-optic sensing techniques. Visible spectrum applications include status indicators
and dynamic power level bar graphs on a stereo system or tape deck.

3.4.1 Background Information

LEDs are constructed of gallium arsenide or gallium arsenide phosphide. While efficiency
can be obtained when conducting as little as 2 milliamperes of current, the usual design goal is
in the vicinity of 10 mA. During conduction, there is a voltage drop across the diode of about
2 volts.

Most early information display devices required power supplies in excess of 100 volts. The
LED ushered in an era of information display components with sizes and operating voltages
compatible with solid-state electronics. Until the low-power liquid-crystal display was
developed, LED displays were common, despite high current demands, in battery-powered
instruments, calculators and watches. They are still commonly used as on-board annunciators,
displays and solid-state indicator lamps.
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3.4.2 LED Parameters and Defaults

Symbol Parameter Name Default Unit
IS Saturation current 1e-14 A
RS Ohmic resistance 0 w
CJO Zero-bias junction capacitance 0 F
\A Junction potential 1 \%
TT Transit time 0 s

M Grading coefficient 0.5 -

3.5 BarLED

The bar LED comes in assorted colors and 4-, 8-, and 10-segment sizes.

To adjust the On Current (Ion), double-click on the component and select the Value tab.
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3.6 Full-Wave Bridge Rectifier

SNz4E

The full-wave bridge rectifier uses four diodes to perform full-wave rectification of an input
AC voltage. Two diodes conduct during each half cycle, giving a full-wave rectified output
voltage. The top and bottom terminals can be used as the input terminals for the AC voltage.
The left and right terminals can be used as the output DC terminals.

3.6.1 Characteristic Equation

The average output DC voltage at no load condition is approximately given by:
Vpc=0.636* (Vp-1.4)
where:

V,, = the peak value of the input AC voltage

3.6.2 Model

A full-wave bridge rectifier consists of four diodes as shown in its icon.

Terminals 1 and 2 are the input terminals, so the input AC source is connected across 1 and 2.
Terminals 3 and 4 are the output terminals, so the load is connected across 3 and 4.

When the input cycle is positive, diodes D, and D, are forward-biased and D5 and D, are
reverse-biased. D and D, thus conduct current in the direction shown. The voltage developed
is identical to the positive half of the input sine wave minus the diode drops.

When the input cycle is negative, diodes D5 and D, become forward-biased and conduct
current in the direction shown. Hence, the current flows in the same direction for both the
positive and the negative halves of the input wave. A full-wave rectified voltage appears
across the load.
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3.6.3 Full-Wave Bridge Rectifier Parameters and

Defaults
Symbol Parameter Name Default Typical Value Unit
IS Saturation current 1e-14 1e-9 - 1e-18 cannot A
be 0

RS Ohmic resistance 0 10 w

CJO Zero-bias junction capacitance 0 0.01-10e-12 F

\Al Junction potential 1 0.05-0.7 V

TT Transit time 0 1.0e-10 s

M Grading coefficient 0.5 0.33-0.5 -

BV Reverse bias breakdown 1e+30 - V
voltage

N Emission coefficient 1 1 -

EG Activation energy 1.1 1.1 eV

XTI Temperature exponent for 3.0 3.0 -
effect on IS

KF Flicker noise coefficient 0 0 -

AF Flicker noise exponent 1 1 -

FC Coefficient for forward-bias 0.5 0.5 -
depletion capacitance formula

1BV Current at reverse breakdown 0.001 1.0e-03 A
voltage

TNOM Parameter measurement 27 27-50 °C
temperature
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3.7

3.8

Schottky Diode

o7y

"

10BQO1S

The Schottky diode is a two-terminal device with a junction that uses metal in place of the p-
type material. The formation of a junction with a semiconductor and metal results in very little
junction capacitance.

The Schottky diode will have a V- of approximately 0.3 V and a V' of less than — 50 V.
These are lower than the typical pn-junction ratings of V= 0.7 V and Vgp= —1 50 V.

With very little junction capacitance, the Schottky diode can be operated at much higher
frequencies than the typical pr-junction diode and has a much faster switching time.

The Schottky diode is a relatively high-current device that is capable of switching rapidly
while providing forward currents of approximately 50 A. It can operate at frequencies of 20
GHz and higher in sinosoidal and low-current switching circuits.

Silicon-Controlled Rectifier

0z
2H1535

A silicon-controlled rectifier (SCR) is a unidirectional current control device like a Shockley
diode. However, the SCR has a third terminal capable of supporting a digital gate connection,
which adds another means of controlling the current flow. The SCR switches on when the
forward bias voltage exceeds the forward-breakover voltage or when a current pulse is
applied to the gate terminal.

The SCR is triggered into conduction by applying a gate-cathode voltage (VGK), which
causes a specific level of gate current (/G). The gate current triggers the SCR into conduction.
The device is returned to its nonconducting state by either anode current interruption or forced
commutation. When the SCR is turned off, it stays in a non-conducting state until it receives
another trigger.
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3.8.1 Model

The SCR is simulated using a mixed electrical and behavioral model.

The status of the SCR is handled with a logical variable, much like the Shockley diode and
diac simulations. The resistance, R, acts as a current block when the SCR is switched off. R,
has two separate values, depending on the status of the SCR. When the SCR is on, the
resistance R, is low; when the SCR is off, the resistance R, is high. The high resistance value
acts as a current block.

The SCR is switched on and R, set low (/e-06) if:

Vd > Vdrm
or
Ig >Igt at Vg = Vgt and
V=0
or
dVi _dV  ofthe SCR
dt — dt

The SCR is switched off and R, set high if:
d<1h

In this case, the switching occurs after turn-off time 7, which is implemented by the
behavioral controller.

I, = current through the SCR, in amperes

r,= blocking resistance, in ohms

Symbols used in these equations are defined in “SCR Parameters and Defaults”.

3.8.2 Time-Domain Model

For the time-domain model, the charge-storage effects of the SCR junction capacitance are
considered in the simulation.

The turn-off time, 7, is implemented by introducing a behavioral delay in the opening of the
controlled switch.
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3.8.3 AC Small-Signal Model

In the AC model, the diode is represented by its linearized small-signal model. The diode
small-signal conductance g, and the small-signal capacitance Cd are evaluated at the DC

operating point.

3.8.4 SCR Parameters and Defaults

Symbol Parameter Name Default Unit
Irdm Peak off-state current 1e-06 A
Vdrm Forward breakover voltage 200 \%
Vtm Peak on-state voltage 15 \%
Itm Forward current at which Vtm is measured 1 A
Tq Turn-off time 1.5e-05 s
dv/dt Critical rate of off-state voltage rise 50 V/us
Ih Holding current 0.02 A
Vgt Gate trigger voltage 1 \%
Igt Gate trigger current 0.001 A
vd Voltage at which Igt is measured 10 \%

3.9 DIAC

03

3

ANSTEE

A diac is a two-terminal parallel-inverse combination of semiconductor layers that allows
triggering in either direction. It functions like two parallel Shockley diodes aligned back-to-
back. The diac restricts current flow in both directions until the voltage across the diac
exceeds the switching voltage. Then the diac conducts current in the direction of the voltage.
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3.9.1 DC Model

The diac is switched on and the resistance, R, is set low if, in either the positive or negative
direction.

Vd 2 Vs
The diac is switched off (current-blocking mode) and R, is set high if] in either direction:
Vs
Irev

Id<TIh
where:
V= voltage across the diac, in volts
I,= current through the diac, in amperes
R, = blocking resistance

I...,= = peak off-state reverse current
Other symbols used in these equations are defined in “Diac Parameters and Defaults”.

3.9.2 Time-Domain and AC Small-Signal Models

Each of the Shockley diodes is simulated with the mixed electrical/behavioral model
described in the DC model above.

© National Instruments Corporation 3-15 Multisim Component Reference Guide



Diodes

3.9.3 DIAC Parameters and Defaults

Symbol Parameter Name Default Unit
IS Saturation current 1e-06 A
Vs Switching voltage 100 \%
Vim Peak on-state voltage 1.5 V
Itm Forward current at which Vtm is measured 1 A
Tq Turn-off time 1e-06 s
Ih Holding current 0.02 A
CJO Zero-bias junction capacitance 1e-12 F

3.10 TRIAC

(nhu}
2H5444

A triac is a three-terminal five-layer switch capable of conducting current in both directions.
The triac model consists of two SCRs, each of which is modeled as described earlier in this
chapter. The triac remains off, restricting current in both directions until the voltage across the
triac exceeds the breakover voltage, or until a positive pulse of current is applied to the gate

terminal.

3.10.1 Model

The simulation is a combined electrical/behavioral model. The status of the triac, either on or
off, is treated as a logical variable. The resistance, R, is a function of the triac status.
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When the triac is off, the resistance R, is set high to act as a current block. When the triac is
on, R is low (/e-00).

( Viarm )
Ldrm
The triac is switched on in either direction if:

Vd > Vdrm
Rs=1e-06

or
Vd >0 and
Ig > Igt at Vg > Vgt

dVd>d_V

> of the triac
dt dt

or

The triac is switched off and the resistance R, is set high (current-blocking mode) if:
Id <Ih

In this case the switching occurs after turn-off time 7, which is implemented by the
behavioral controller.

Vs = maximum forward breakover voltage, or switching voltage, in volts
I,= current through the diac, in amperes

R, = blocking resistance, in ohms

I..,= peak off-state reverse current

v,,= maximum forward breakover voltage, in volts

iy= current through the triac, in amperes

Vd = voltage across the diac, in volts

vd = voltage across the triac, in volts

t,= turn-on time, in seconds

Other symbols used in these equations are defined in “Triac Parameters and Defaults”.
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3.11 Varactor Diode

011

—pi—

AHS4504

The varactor is a type of pn-junction diode with relatively high junction capacitance when
reverse biased. The capacitance of the junction is controlled by the amount of reverse voltage
applied to the device, which makes the device function as a voltage-controlled capacitor.

The capacitance of a reverse-biased varactor junction is found in the following way:

A
Cr= @y
d

where:

Crt = the total junction capacitance

€ = permittivity of the semiconductor material
A = the cross-sectional area of the junction
W, = the width of the depletion layer

The value of Cris inversely proportional to the width of the depletion layer. The depletion
layer acts as an insulator (called the dielectric) between the p-type and n-type materials.

Varactor diodes are used in place of variable capacitors in many applications.
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Chapter 4
Transistors

4.1

BJT (NPN & PNP)

oz
ZN1132A

A bipolar junction transistor, or BJT, is a current-based valve used for controlling electronic
current. BJTs are operated in three different modes, depending on which element is common
to input and output: common base, common emitter or common collector. The three modes
have different input and output impedances and different current gains, offering individual
advantages to a designer.

A transistor can be operated in its nonlinear region as a current/voltage amplifier or as an
electronic switch in cutoff and saturation modes. In its linear region, it must be biased
appropriately (i.e., subjected to external voltages to produce a desired collector current) to
establish a proper DC operating point. The transistors' parameters are based on the Gummel-
Poon transistor model.

BJTs are commonly used in amplification and switching applications. They come in two
versions: NPN and PNP. The letters refer to the polarities, positive or negative, of the
materials that make up the transistor sandwich. For both NPNs and PNPs, the terminal with
the arrowhead represents the emitter.

An NPN transistor has two n-regions (collector and emitter) separated by a p-region (base).
The terminal with the arrowhead is the emitter. The ideal NPN in the parts bin has generic
values suitable for most circuits. You can specify a real-world transistor by double-clicking
the icon and choosing another model.

A PNP transistor has two p-regions (collector and emitter) separated by an n-region (base).
The terminal with the arrowhead represents the emitter. The ideal PNP model has generic
values suitable for most circuits. You can specify a real-world transistor by double-clicking
the icon and choosing another model.
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4.1.1 Characteristic Equations

le=1Ic+ I

Ic
c=—=h

o 7 FE

Alc
uc=——=| OP(VcE) =hse
B AL | OP(Ver)
where:

Boc= hy; = DC current gain

Bic= h, = small-signal current gain
I = collector current

Iy = base current

Al = emitter current

The model for the PNP transistor is the same as the NPN model, except the polarities of the
terminal currents and voltages are reversed.

The DC characteristic of a BJT in Multisim is modeled by a simplified Gummel-Poon model.
The base-collector and base-emitter junctions are described by their ideal diode equations.
The diode capacitors are treated as open circuits.

The beta variation with current is modeled by two extra non-ideal diodes. The diode
capacitors are treated as open circuits. The various equations are:

Ipe2 = Is,{exp( Ve ) - 1}
neVT
Ipc2 = IS|:CXp( Vic ) - 1}
nelr

1

1_ Vsc

qu =

VA

Ky = fs exp(@j -1
IKF Vr

qu:%(lﬂ/lw&,z)
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Is (VBEJ

IcE =——/exp -1
qu Vr

Icc _Is. exp(VBC) -1
Kqgb Vr

Icr =1Ice —Icc

IsE1 = L{exp( VBE) - 1}
VT

Isc1 = I{exp( VBCJ - 1}
4

where:
V= thermal voltage = 0.0258

V, = forward early voltage

The model parameter f,is equivalent to Bpc in the DC case and B¢ in the AC case,

Other symbols used in these equations are defined in “BJT Model Parameters and Defaults.”

41.2 Time-Domain Model

The BJT time-domain model takes into account the parasitic emitter, base and collector
resistances, and also the junction, diffusion, and substrate capacitances. The capacitors in the
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model are represented by their energy storage model derived using the appropriate numerical

integration rule.

’Z'F dICC +CE()( _@j
dVBE ’ E

T dl +CJE0 (F +mEVBEj
F 3
dVy, K Ox

CBE =

- dl . +C'co( _@]
Ve c

dl
dVy.

chBcj
Dc

V -"ﬂs
stO(l - &j
P

sub
sto(l n mchsj
(8

Tr + CjCO(F; +

-

C}CO(I_XCJC)( _%J

CJ'CO(I'XCJC) *(F; n MV gy
F, ?c

Cy=

where, for the base-emitter junction, Cgg,
F, = (1- FC)
F,=1-FC(1+m,)

I+mp
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and for the base-collector junction, Cgc and Cyy,
F,z — (1_ Fc)l+mc
F,=1-FC(1+m.)

The symbols used in these equations are defined in “BJT Model Parameters and Defaults.”

4.1.3 AC Small-Signal Model

The small-signal model of a BJT is automatically computed during linearization of the DC
and large-signal time-domain models. The circuit shown is the Gummel-Poon small-signal
model of an NPN transistor.

I
Cr = Cse|opr 7 =—/| op
| g VTI
1
Cu = Csc| or gm:—C|0P
Vr
Co = Cu| I |
s = Csub| OP 0= —|oP
& Va
Cix = Cx|or Lac gr
gr

lc = ZnVbe + QuVee

where:

g,= input conductance

g,= reverse feedback conductance
g.,= transductance

g,= output conductance.
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4.1.4 BJT Model Parameters and Defaults

Symbol Parameter Name Default Example Unit
IS Saturation current 1e-16 1e-15 A
pF Forward current gain coefficient 100 100 -
PR Reverse current gain coefficient 1 1 -
rb Base ohmic resistance 0 100 w
re Emitter ohmic resistance 0 10 w
rc Collector ohmic resistance 0 1 w
Cs Substrate capacitance 0 1 F
Ce, Cc Zero-bias junction capacitances 0 2e-09 F
oe, gc Junction potentials 0.75 0.75 \%
F Forward transit time 0 1e-13 s
R Reverse transit time 0 10e-09 s
me, mc Junction grading coefficients 0.33 0.5 -
VA Early voltage 1e+30 200 \%
Ise Base emitter leakage saturation 0 1e-13 A
current
Ikf Forward beta high-current knee-point 1e+30 0.01 A
Ne Base-emitter leakage emission 1.5 2 -
coefficient
NF Forward current emission coefficient 1 1 -
NR Reverse current emission coefficient 1 1 -
VAR Reverse early voltage 1e+30 200 \%
IKR Reverse beta roll-off corner current 1e+30 0.01 A
ISC B-C leakage saturation current 0 0.01 A
NC B-C leakage emission coefficient 2 15 -
ni.com
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Symbol Parameter Name Default Example Unit

IRB Current for base resistance equal to 1e+30 0.1 A
(rb+RBM)/2

RBM Minimum base resistance at high 0 10 w
currents

XTF Coefficient for bias dependence of tF 0 0 -

VTF Voltage describing VBC dependence 1e+30 - \%
of tF

ITF High current dependence of tF 0 - A

PTF Excess phase at frequency equalto 1/ | 0 - Deg
(tF*2PI1) Hz

XCJC Fraction of B-C depletion capacitance 1 - -
connected to internal base node

VJSs Substrate junction build-in potential .75 - \%

MJS Substrate junction exponential factor 0 0.5 -

XTB Forward and reverse beta temperature | 0 - -
exponent

EG Energy gap for temperature effect on 1.1 - eV
IS

XTI Temperature exponent for effecton IS | 3 - -

KF Flicker noise coefficient 0 - -

AF Flicker noise exponent 1 - -

FC Coefficient for forward-bias depletion 5 - -
capacitance formula

TNOM Parameter measurement temperature | 27 50 °C
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4.2 Resistor Biased BJT (NPN & PNP)

oz
RH1101

Resistor biased BJTs are discrete transistors which have had additional resistors added to
them within a standard transistor package. This is done to reduce the space required on the
PCB for the design. The general application is for transistor switches for displays such as
LED and Hex displays.

They come in two varieties: with a NPN transistor or a PNP transistor.

4.3 Darlington Transistor (NPN & PNP)

ela)
ZNE03S

The Darlington connection is a pair of two bipolar junction transistors for operation as a
composite transistor. The composite transistor acts as a single unit with a current gain that is
the product of the current gains of each bipolar junction transistor.

A Darlington array consists of seven Darlington pairs. Each pair has an input and an output.
There is also one Common and one GND pin on the IC.

131
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4.3.1

DC Bias Model

If a Darlington transistor with a very high current gain, B, is used, the base current may be
calculated from

— VCC_ VBE

B
R+ BpRg

This equation is the same for a regular transistor, however, the value of B is much greater,
and the value of Vp is larger.
The emitter current is then

IE = (BD+ 1)13 = BDIB
DC voltages are:

Vg = IpRg

Vg = Vet Vg

4.3.2 AC Model

The AC input signal is applied to the base of the Darlington transistor through capacitor Cj,
with the ac output, V,, obtained from the emitter through capacitor C,. The Darlington
transistor is replaced by an ac equivalent circuit made up of an input resistance, r;, and an
output current source, Bply,.

4.3.2.1 AC Input Impedance

The AC input impedance looking into the transistor base is then

VI
7 i+ BpRe
b

The AC input impedance looking into the circuit is

Z, = Rpll (r; + BpRp)
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4.3.2.2 AC Current Gain

The AC circuit gain is as follows:

A = RB _ BDRB
LT e
B DVE B DVE

44 BJT Array

QTA
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BIT arrays are collections of discrete transistors on a single die. They can come in many
variations based on their intended application. The reasons for using an array is that the
devices are more closely matched than a random group of discrete devices (eliminating the
need to sort them), the noise characteristics are better, and the space required on a PCB is
smaller.

There are three types of BJT arrays:

* PNP transistor array
* NPN/PNP transistor array
* NPN transistor array.

441 General-purpose PNP Transistor Array

This general-purpose silicon PNP transistor array incorporates two transistors, a Darlington
circuit, and a current-mirror pair with a shared diode.

The two transistors can be used in circuit applications. The total array can be used in
applications in systems with low-power and low-frequency requirements.

4.4.2 NPN/PNP Transistor Array

This general-purpose high-voltage silicon transistor array consists of five independent
transistors (two PNP and three NPN types) on a common substrate, which has a separate
connection. Separate connection for each transistor permits greater flexibility in circuit
design.
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P-Channel MOSFET

443

4.5

4.6

4.7

This array is useful in applications including differential amplifiers, DC amplifiers, level
shiftors, timers, thyristor firing circuits and operational amplifiers.

General-purpose High-current NPN Transistor
Array

This array consists of five high-current NPN transistors on a common monolithic substrate.
Two of these transistors are matched at low currents for applications in which offset
parameters are particularly important. Independent connections for each transistor and a
separate terminal for the substrate allow for maximum flexibility in circuit design.

This array is useful in applications such as signal processing and switching systems operating
from DC to VHF. Other applications include lamp and relay driver, differential amplifier,
thyristor firing and temperature-compensated amplifier.

P-Channel MOSFET

This device is a P-channel MOSFET. See also “MOSFET” on page 4-11.

N-Channel MOSFET

This device is an N-channel MOSFET. See also “MOSFET” on page 4-11.

MOSFET

A MOSFET is a Metal-Oxide-Semiconductor FET. This transistor is a type of FET that uses
an induced electrical field to control current through the device. Either negative or positive
gate voltages can be applied to control the current.

The substrate is usually connected to the most negatively biased part of the MOSFET, usually
the source lead. In the three-terminal MOSFETs, the substrate is internally connected to the
source. N-channel MOSFETs have an inward-pointing substrate arrow, and p-channel
MOSFETs have an outward-pointing arrow. N-channel and p-channel MOSFETs are
identical, except that their voltage polarities are opposite.

The 4-Terminal Enhanced N-MOSFET is an n-channel enhancement MOSFET. Because the
substrate lead is not connected to the source lead, it has four terminals.

© National Instruments Corporation 4-11 Multisim Component Reference Guide



Transistors

The 4-Terminal Enhanced P-MOSFET is a p-channel enhancement MOSFET. Because the
substrate and source leads are not connected, it has four terminals.

4.7.1 Depletion MOSFETs

Like a JFET, a depletion MOSFET consists of a length of p-type (for a p-channel MOSFET)
or n-type (for an n-channel MOSFET) semiconductor material, called the channel, formed on
a substrate of the opposite type. The gate is insulated from the channel by a thin silicon

dioxide (SiO,) layer. Depletion MOSFETSs are used in automatic-gain control (AGC) circuits.

4.7.2 Enhancement MOSFETs

An enhancement MOSFET has no physical channel between the drain and the source, unlike
the depletion MOSFET. Instead, the substrate extends all the way to the silicon dioxide (SiOZ)
layer. An enhancement MOSFET works only with positive gate-source voltages.
Enhancement MOSFETs are extensively used in digital circuits and large-scale integration
(LSI) applications.

Multisim provides four MOSFET device models, which differ in the formulation of the
current-voltage characteristic. The parameter LEVEL in the model dialog specifies the model
to be used. LEVEL 1 is a modified Shichman-Hodges model. LEVEL 2 defines the geometry-
based analytical model. LEVEL 3 defines the semi-empirical short-channel model. LEVEL 4
defines the BSIM1 model. LEVEL 5 defines a new BSIM2 model.

4.7.3 DC Model

Due to the complexity of the MOSFET models used, only very basic formulas are provided in
the following description.

The DC characteristics are modeled by a nonlinear current source, I,

Forward characteristics (Vps >0).

VTE:VTO'F}/(—\/@ —VBS)——\/a fory > 0,90 >0
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0 for (Vs —VE) <0
I,= PV —VTE)2(1+1VDS) for0< (Vg =V ) SV
BV os[2V 55 =V ) = Vs 11+ AV ) for 0 <V 5 € (Vs = Vi)

Reverse characteristics (Vs < ).

Vre = Vro = }/(1/(1) —VBDJ - \/a

0 for(Vyp, = V) <0
I, = =BV —Vie) (1= V) for0< (Vyp Vi) Ve
ﬂ(VDS[z(VGD Vi) +Vps1(1- ﬂ’VDS) for 0 <V < (Vop = Vi)
where:
| = channel length modulation, measured in 1volts
V. = threshold voltage, in volts
Vi, = zero-bias threshold voltage, in volts
7= bulk-threshold parameter, in volts
j = surface potential at strong inversion, in volts
Vs = bulk-to-source voltage, in volts
Vyp = bulk-drain voltage, in volts

Vs = drain-to-source voltage, in volts

4.7.4 Time-Domain Model

The time-domain model takes into account the charge-storage effects of the junction diodes
used to model MOSFETs. The diodes are modeled using the diode time-domain model
described in the Diodes Parts Bin chapter.

© National Instruments Corporation 4-13 Multisim Component Reference Guide



Transistors

4.7.5 AC Small-Signal Model

In the linearized small-signal model, the junction diodes used to model the MOSFETs are
replaced by their equivalent small-signal models.

Cgp Css Cgp are zero-bias junction capacitances.

_di, _dl g
En = v, |OP 8ps = v, |OP
dl dl
8ps = dV; op 8pp = dVZZ op
dl
8Embs _ﬁhp

4.7.6 MOSFET Level 1 Model Parameters and Defaults

Symbol Parameter Name Default Unit
VTO Threshold voltage 0 \%
KP Transconductance coefficient 2e-05 A/V?
LAMBDA Channel-length modulation 0 1V
PHI Surface potential 0.6 \%
GAMMA Bulk-threshold parameter 0 V**0.5
RD Drain ohmic resistance 0 w
RS Source ohmic resistance 0 w
IS Bulk-junction saturation current 1e-14 A
CGBO Gate-bulk overlap capacitance per meter 0 F
channel length
CGDO Gate-drain overlap capacitance per meter 0 F
channel length
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Symbol Parameter Name Default Unit

CGSO Gate-source overlap capacitance per meter 0 F
channel width

CBD Zero-bias bulk-drain junction capacitance 0 F

CBS Zero-bias bulk-source junction capacitance 0 F

PB Bulk-junction potential 0.8 V

RSH Drain and source diffusion sheet resistance 0 w

CJ Zero-bias bulk junction bottom capacitance 0 F/m2
per m2 of junction area

MJ Bulk junction bottom grading coefficient 0.5 -

CJSW Zero-bias bulk junction sidewall capacitance 0 F/m
per m of junction perimeter.

MJSW Bulk junction sidewall grading coefficient 0.5 -

JS Bulk junction saturation current per m2 of 0 A/m2
junction area

TOX Oxide thickness 1e-07 m

NSUB Substrate doping 0 1/cms

NSS Surface state density 0 1/cm2

TPG Type of gate material 1 -

LD Lateral diffusion 0 m

uo Surface mobility 600 cm2/V's

KF Flicker noise coefficient 0 -

AF Flicker noise exponent 1 —

FC Coefficient for forward-bias depletion 0.5 -
capacitance formula

TNOM Parameter measurement temperature 27 °C

1, = 15 =10% to 15% of the on-state drain-source resistance, Rpgon)-
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4.8 MOSFET Thermal Model

Junction

]

This is an interactive device that lets you simulate the heat generated in a MOSFET. Pressing
“T” on your keyboard lets you toggle the displayed parameter between Junction, Dielectric
Bond and Case.

The following thermal electrical equivalent circuit represents the device’s model.

T, HEAT FLOWY
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F—3F—

O
Jp—

PDEz
4 R2
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1l
il

— =3

11LE

R3

Heat generated in a device’s junction flows from a higher temperature region through each
resistor-capacitor pair to a lower temperature region.

PDiss is a current source; its amplitude is the power consumed by the MOSFET. The voltages
of the nodes Tj, Ty, T and T, represent the temperature rise of the junction point of the
MOSFET, dielectric bond of the MOSFET, case of the MOSFET and ambient temperature.

The ambient temperature is considered constant (no temperature rise), so the voltage of Ty is
zero and T, is grounded.
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4.9 JFETs (Junction FETs)
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The JFET is a unipolar, voltage-controlled transistor that uses an induced electrical field to
control current. The current through the transistor is controlled by the gate voltage. The more
negative the voltage, the smaller the current.

A JFET consists of a length of an n-type or p-type doped semiconductor material called a
channel. The ends of the channel are called the source and the drain. The terminal with the
arrowhead represents the gate.

In an n-channel JFET, the gate consists of p-type material surrounding the n-channel. In a p-
channel JFET, the gate consists of n-type material surrounding the p-channel.

49.1 DC Model

The DC model characteristic is determined by a nonlinear current source, Ij,.

Forward characteristics (Vg > 0):
0 for (Vs = Vy) <0

Iy ==BVas =Vio) (1+ AV 5) for0 < (Vs =Vio) < Vs

BV ps[2(Vgs =Vio) = Vs 11+ AV ) for 0 <Vpg < (Vs Vi)

Reverse characteristics (Vg < 0):
0 for(Vog —V50) <0
I, ==BVss _VTO)2(1+/1VDS) for 0 < (Vs =Vo) < Vs
BV ps[2(Vgs =Vio) =Vps 11+ AV)ys) for0< Ve S (Vs = Vi)
where:
Vs = gate-source voltage, in volts

Vpg = drain-source voltage, in volts

Vp = gate-drain voltage, in volts
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VGs(of) = gate-source cutoff voltage, in volts

I = saturation current for the gate-drain and gate-source diode junctions
I = drain-to-source current, in amperes

Ipgg = drain-to-source saturation current, in amperes

b= Ibss = transconductance parameter in A/ V2

[Vc;s(off)]2

| = channel-length modulation parameter measured in 1/V
Other symbols used in these equations are defined in “JFET Model Parameters and Defaults”.

Note B is not to be confused with g,,, the AC small-signal gain mentioned later in this
chapter.

The charge storage occurring in the two gate junctions is modeled by the diode time-domain
model described in the Diodes Parts Bin chapter.

The diodes used to model the JFETs are represented by their small-signal models.

_db |
&= dVes .
_db |
gps = Vs OP
_ dles |
gG6s = TVos OP
dlep
gep = | op
GD
where
Im = AC small-signal gain
gps = small-signal forward admittance or transconductance

ggs and ggp are normally very small because the diode junctions are not forward-biased.

Is and I;p are the diode current expressions mentioned in the diode modeling section.
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4.9.2 JFET Model Parameters and Defaults

Symbol Parameter Name Default Example Unit

VTO Threshold voltage -2 -2 \%

BETA Transconductance 0.0001 1e-03 AN
coefficient

LAMBDA Channel-length modulation 0 1e-04 1/v2

RD Drain ohmic resistance 0 100 w

RS Source ohmic resistance 0 100 w

IS Gate-junction saturation 1e-14 1e-14 A
current

Cgd Zero-bias gate-drain junction | 0 1e-12 F
capacitance

Cgs Zero-bias gate-source 0 5e-12 F
junction capacitance

PB Gate-junction potential 1 .06 \%

B Doping tail parameter 1 1.1 -

KF Flicker noise coefficient 0 - -

AF Flicker noise exponent 1 - -

FC Coefficient for forward-bias 5 - -
depletion capacitance
formula

TNOM Parameter measurement 27 50 °C
temperature

rp =rs=10% to 15% of the on-state drain-to-source resistance, Rpg,)-
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4.11

Power MOSFET (N/P)
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The double-diffused or DMOS transistor is an example of a power MOSFET. This device is
fabricated on a lightly doped n-type substrate with a heavily doped region at the bottom for
drain contact. Two diffusions are used, one to create the p-type body region and another to
create the n-type source region.

The DMOS device is operated by applying a positive gate voltage, v, greater than the
threshold voltage V,, which induces a lateral » channel in the p-type body region underneath
the gate oxide. Current is conducted through the resulting short channel to the substrate and
then vertically down the substrate to the drain.

The DMOS transistor can have a breakdown voltage as high as 600 V and a current capability
as high as 50 A is possible.

Power MOSFETs have threshold voltages in the range of 2 to 4 V. In comparison with BJTs,
power MOSFETs do not suffer second breakdown, nor do they require the large base-drive
currents of power BJTS. They also have a higher speed of operation than the power BJTs.
These advantages make power MOSFETs suited to switching applications, such as in motor-
control circuits.

Power MOSFET Complementary

These DMOS dual N- and P-channel enhancement mode power field effect transistors
minimize on-state resistance, provide superior switching performance, and withstand high
energy pulses in the avalanche and commutation modes. These devices are particularly suited
for low voltage applications such as notebook computer power management and other battery
powered circuits where fast switching, low in-line power loss, and resistance to transients are
needed.
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412 N-Channel & P-Channel GaAsFET

o
GaAsFET_MN_IDEAL

This component is a high-speed field-effect transistor that uses gallium arsenide (GaAs) as the
semiconductor material rather than silicon. It is generally used as a very high frequency
amplifier (into the gigahertz range). A GaAsFET consists of a length of n-type or p-type
doped GaAs called the channel. The ends of the channel are called the source and the drain.
The terminal with the arrowhead represents the gate. GaAsFETs are used in microwave
applications.

4.12.1 Model and Characteristic Equations

The GaAsFET component is based on the Statz model.

0 forV, =V <0

3
Id= (1—(1—@*“} ]
2 -3

Br(1+ 25V, )#(V, =V ) T for V, = Vo 20
e~ V10

where:

V= gate-source voltage

V= drain-source voltage

V= threshold voltage; equivalent to the gate-source cutoff voltage
a = saturation voltage

b = transconductance

| = channel-length modulation

Id = drain to source current
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4.12.2 GaAsFET Parameters and Defaults

Symbol Parameter name Default Unit
VTO Pinch-off voltage -2 \%
BETA Transconductance 0.0001 A/V2
B Doping tail extending parameter 0.3 1V
ALPHA Saturation voltage 2 1V
LAMBDA Channel-length modulation 0 1V
RD Drain ohmic resistance 0 w
RS Source ohmic resistance 0 w
CGS Zero-bias G-S junction capacitance 0 F
CGD Zero-bias G-D junction capacitance 0 F
PB Gate junction potential 1 \%
KF Flicker noise coefficient 0 -
AF Flicker noise exponent 1 -
FC Coefficient for forward-bias depletion 0.5

capacitance formula

413 IGBT

a1
2ZNEITS

The IGBT is an MOS gate-controlled power switch with a very low on-resistance. It is similar
in structure to the MOS-gated thyristor, but maintains gate control of the anode current over a
wide range of operating conditions.

The low on-resistance feature of the IGBT is due to conductivity modulation of the n epitaxial
layer grown on a p* substrate. The on-resistance values have been reduced by a factor of
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about 10 compared with those of conventional n-channel power MOSFETs of similar size and
voltage capability.

Changes to the epitaxial structure and the addition of recombination centers are responsible
for the reduction in the fall time and an increase in the latching current level of the IGBT. Fall
times as low as 0.1us and latching currents as high as SOA can be achieved, while retaining
on-resistance values <0.2Q for a 0.09cm? chip area.

4.14 Unijunction Transistors

o
2NERT

The Programmable Unijunction Transistor is designed for adjustable characteristics such as
valley current, peak current and intrinsic standoff ratio.
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Chapter 5
Analog Components

51 Opamp

An ideal operational amplifier (Opamp) is an amplifier with infinite gain, infinite input
impedance and zero output impedance. With the application of negative feedback, Opamps
can be used to implement functions such as addition, subtraction, differentiation, integration,
averaging and amplification.

An opamp can have a single input and single output, a differential input and single output, or
a differential input and differential output.

5.1.1 Ideal Opamp Model

The ideal opamp model is the fastest to simulate. Its characteristics include:
* open-loop voltage gain (A)
The open-loop gain is the gain of the opamp without any feedback applied which in the

ideal opamp is infinite. This is not possible in the typical opamp, but it will be in the order
of 120 dB.

» frequency response

The frequency response of an opamp is finite and its gain decreases with frequency. For
stability, a dominant pole is intentionally added to the opamp to control this decreasing
gain with frequency. In an internally compensated opamp, the response typically is set for
-6dB/octive roll off with a -3dB frequency in range of 10 Hz. With an externally
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compensated Opamps, the -3 dB corner frequency can be changed by adding an external
capacitor.

* unity-gain bandwidth
This is the frequency at which the gain of the opamp is equal to 1. This is the highest
frequency at which the opamp can be used, typically as a unity gain buffer.

« common mode rejection ratio (CMRR)
This is the ability of an opamp to reject or to not amplify a signal that is applied to both its
input pins expressed as a ratio (in dBs) of its common mode gain to its open loop gain.

* slewrate
This is the rate of change of output voltage expressed in volts per microsecond.

5.1.2 Opamp: Background Information

The operational amplifier is a high-gain block based upon the principle of a differential
amplifier. It is common to applications dealing with very small input signals.

The open-loop voltage gain (A) is typically very large (10e+5 to 10e+6). If a differential input
is applied across the “+” and “-” terminals, the output voltage will be:

V=A*{V+-V-)
The differential input must be kept small, since the opamp saturates for larger signals. The
output voltage will not exceed the value of the positive and negative power supplies (Vp), also

called the rails, which vary typically from 5 V to 15 V. This property is used in a Schmitt
trigger, which sets off an alarm when a signal exceeds a certain value.

Other properties of the opamp include a high input resistance (Ri) and a very small output
resistance (Ro). Large input resistance is important so that the opamp does not place a load on
the input signal source. Due to this characteristic, opamps are often used as front-end buffers
to isolate circuitry from critical signal sources.

Opamps are also used in feedback circuits, comparators, integrators, differentiators, summers,
oscillators and wave-shapers. With the correct combination of resistors, both inverting and
non-inverting amplifiers of any desired voltage gain can be constructed.

Multisim Component Reference Guide 5-2 ni.com



Opamp

5.1.3 Opamp: Simulation Models

Several types of simulation models are included in Multisim. The following model levels are
used to distinguish between the various models:

Virtual 3T — this is the simplest model with the opamp modeled as a gain block with a
differential input and a single ended output.

Virtual 5T — this is a more complex model in which the supply voltages are included in
the simulation.

Real — these are models of increasing complexity where additional control pins are
supported.

5.1.3.1 Virtual 3-Terminal Opamp

This is the simplest simulation model.

The modeled opamp parameters are:

open loop gain

input resistance

output resistance
negative voltage swing
positive voltage swing
input offset voltage
slew rate

unity-gain bandwidth
input bias current
input offset current
compensation capacitance

The opamp is modeled by distributing the open-loop voltage gain, 4, across three stages. The
first and second stages model the first and second poles of the opamp, and the third stage
models the output impedance.
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The same model is used for DC, time-domain and AC analyses.

The slew rate limits the rate of change of 7, to model the rate of change of output voltage.

Ios
B1 = IBIAS +——
Is1 = Ipuas +
2
los
Is2 = Ipius ——
/ ArkVin
1=
R
Ar=A4"
where
A, = open-loop voltage gain of the first stage
Ry = input resistance, in ohm
Igias = input bias current, in amperes
los = input offset current, in amperes
Ri=1kQ
Ju
fa==
A
1
1=
27x R fpi
;= A, Vi,
| =
Rz
A — A1/3
2
R, =Ryyr
where
Rour = output resistance
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A third stage is introduced by specifying the location of the second pole:

1

C=—
2704 Ry * f s

R, =1kQ
Ry =Ryyr
1/3
I — A >kVIN
= ——
R3
where
f, unity-gain bandwidth in hertz; i.e., the

Ce

SR

frequency at which the open-loop voltage
gain equals 1.

second-pole frequency. A third stage may
be introduced by specifying the location of
a second pole in hertz.

compensation capacitance, which shifts
the dominant pole to the left in the
frequency response. Its value is typically
30-40 picofarads.

slew rate, which is the rate of change of
output voltage (in V/s) in response to a
step input.

5.1.3.2 Virtual 5-Terminal Opamp

This is a more complex simulation model that takes into account the supply voltages of the
opamp. This model is a differential input, single output model based on the Boyle-Cohn-
Pederson macro model, which includes the supply voltage connections. This model supports
second order effects such as common-mode rejection, output voltage and current limiting
characteristics of the opamp in addition to the first order effects.

The modeled opamp parameters are:

* open loop gain

* input resistance

* output resistance

+ slew rate

* unity-gain bandwidth
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+ common mode rejection (CMRR)

* input bias current

+ input offset current

* input bias current

+ input offset voltage

+ input bias voltage

* output voltage swing

* output current limiting

The internal components of a 741 opamp are shown below.

The circuit is divided into three stages. The input stage consists of ideal transistors, Q1 and

Q2, and associated sources and passive elements. It produces the linear and nonlinear

differential mode (DM) and common mode (CM) input characteristics. The capacitor, C,,
introduces a second order-effect for the slew rate and C1 introduces a second-order effect to

the phase response.

SR*Cc
co=—-
Ce= Zele Rei=——
SR 27 fux Cc
Ip1 = Ins +@
2
Ic
ﬁl B 11
Ic
ﬁz B Ir2

Assume I, = o5
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Vos
Is2 = Is1(1 +m)

Ci= %tan Ap

The interstage provides the DM and CM gains and consists of voltage-controlled current
sources g,,, g, and g, and resistors, R,, and R, The dominant time constant of the opamp is
provided by the internal feed-back capacitor, ¢, In some opamps, the two nodes of ¢, are made
available to the outside world for external compensation. The output stage models DC and AC
output resistance. The elements d3, vc, d4 and ve provide maximum desired voltage swings.
Elements d1, d2, rcc and gc provide the current-limiting function.

Interstage:
_ Ic
&= 002585
Re1= M Rei— €
1+ ,82 +2 gm
_
g Rci
ARc
h=—————
&= 100¢’ Rz
Gc‘m = Ga
CMRR
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Output stage:

I.=2%1g,—1I

R *]
Il :]x exp ROISC}
0 0.025
R = 0.025 In 1,
100i, I,
6L
R.
V.=V .-V, +V.xIl Lse
c =Veec—Vsw T,
) I
Ve =V..- Ve +VT*1717%

5.1.3.3 Real Models

Models are supplied by various manufacturers of real-world opamps. Some are simple three-
or five-terminal models, while others have additional pins to support functions such as
external compensation and output offset balance controls.

Each model is unique as it was developed by the individual companies to support their
products. Therefore, a general description of each model is not possible.

5.2 Norton Opamp

1
1

1N+

our
o LM13E00AN

The Norton amplifier, or the current-differencing amplifier (CDA) is a current-based device.
Its behavior is similar to an opamp, but it acts as a transresistance amplifier where the output
voltage is proportional to the input current.

Multisim Component Reference Guide 5-8 ni.com



Comparator

5.3 Comparator

s

HA1T333
e

A comparator is an IC operational-amplifier whose halves are well balanced and without
hysteresis and is therefore suitable for circuits in which two electrical quantities are
compared. The comparator components may model conversion speed, quantization error,
offset error and output current limitation.

A comparator is a circuit that compares two input voltages and produces an output in either of
two states, indicating the greater than or less than relationship of the inputs.

A comparator switches to one state when the input reaches the upper trigger point. It switches
back to the other state when the input falls below the lower trigger point.

A voltage comparator may be implemented with any op-amp, with consideration for operating
frequencies and slew rate, or with specialized ICs such as the LM339.

The comparator compares a reference voltage, fixed or variable, with an input waveform.

If the input is applied to the non-inverting input and the reference to the inverting input (lower
circuit), the comparator will be operating in the non-inverting mode. In this case, when the
input voltage is equal to (or slightly less than) the reference voltage the output will be at its
lowest limit (near the negative supply) and when the input is equal to (or slightly greater than)
the reference voltage the output will change to its highest value (near the positive supply).

If the inverting and non-inverting terminals are reversed (upper circuit) the comparator will
operate in the inverting mode.
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5.3.1 Comparator: Simulation models

A virtual comparator is provided along with several levels of simulation models of increasing
complexity and accuracy. Similar to the opamps, the real models are developed by the
manufacturers and may have additional pins to model added functions.

5.4 Wide Band Amplifier

1

ADEZ4AD

The typical opamp, such as a general purpose 741 type opamp, has been internally
compensated for a unity gain bandwidth of about 1 MHz. Wide band amplifiers are opamps
that have been designed with a unity gain bandwidth of greater than 10 MHz and typically in
the 100 MHz range. These devices are used for application such as video amplifiers.

5.4.1 Wide Band Amplifier: Simulation models

The same levels of simulation model as the opamps are provided with several levels of
simulation models of increasing complexity and accuracy.

The following model levels are used to distinguish between these models:

* L1 - this is the simplest model with the opamp modeled as a gain block with a differential
input and a single ended output.

o L2 - this is a more complex model in which the supply voltages are included in the
simulation.

* L3 - this is a model of increasing complexity where additional control pins are supported.

* L4 - this is the most complex and accurate model with a majority of the external control
pins modeled.
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5.5 Special Function

These are a group of analog devices that are used for the following applications:

instrumentation amplifier
video amplifier
multiplier/divider
preamplifier

active filter

high precision reference

5.5.1 Special Function: Simulation models

The same levels of simulation model as the opamps are provided with several levels of
simulation models of increasing complexity and accuracy.

The following model levels are used to distinguish between these models:

L1 - this is the simplest model with the opamp modeled as a gain block with a differential
input and a single ended output.

L2 - this is a more complex model in which the supply voltages are included in the
simulation.

L3 - this is a model of increasing complexity where additional control pins are supported.
L4 - this is the most complex and accurate model with a majority of the external control
pins modeled.
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Chapter 6

TTL

6.1

6.2

Standard TTL

F4000D

The characteristics of the standard TTL series can be illustrated by the 7400 quad NAND gate
IC.

The 74 series uses a nominal supply voltage (V) of 5V and can operate reliably over the
range 4.75 to 5.25 V. The voltages applied to any input of a standard 74 series IC must never
exceed +5.5 V. The maximum negative voltage that can be applied to a TTL input is -0.5 V.

The 74 series IC is designed to operate in ambient temperatures ranging from 0 to 70° C. The
guaranteed worst-case DC noise margins for the 74 series are 400 mV.

A standard TTL NAND gate requires an average power of 10 mV.
A standard TTL output can typically drive 10 standard TTL inputs.

Schottky TTL

The basic circuitry of the standard TTL series forms the central part of several other TTL
series, including the Schottky TTL, 74S series.

The Schottky TTL (the 74S series) reduces the storage-time delay by not allowing the
transistor to go as deeply into saturation. The 74S series does this by using a Schottky barrier
diode connected between the base and the collector of each transistor.

Circuits in the 74S series also use smaller resistor values to help improve switching times.
This increases the circuit average power dissipation to about 20 mW. These circuits also use a
Darlington pair to provide a shorter output rise time when switching from ON to OFF.
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6.3 Low-Power Schottky TTL

The low-power Schottky TTL (the 74LS series) is lower in power and slower in speed than
the 748 series. It uses the Schottky-clamped transistor, but with larger resistor values than the
748 series. The larger resistor values reduce the power requirements of the circuit, but
increase the switching times.

A NAND gate in the 74LS series typically has an average propagation delay of 9.5 ns and an
average power dissipation of 2 mW.

6.4 74xx

6.4.1 74xx00 (Quad 2-In NAND)

This device contains four independent 2-input NAND gates.
Logic function:

¥ = AR

NAND gate truth table:
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6.4.2 74xx01 (Quad 2-In NAND)

This device contains four independent 2-input NAND gates.
Logic function:

¥ = AR

NAND gate truth table:

6.4.3 74xx02 (Quad 2-In NOR)

This device contains four independent 2-input NOR gates.

Logic function:
¥ = A+B

NOR gate truth table:

6.4.4 74xx03 (Quad 2-In NAND (Ls-OC))

This device contains four independent 2-input NAND gates. For correct performance, the
open collector outputs require pull-up resistors.

Logic function:
Y = AB
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NAND gate truth table:

6.4.5 74xx04 (Hex INVERTER)

This device contains six independent INVERTER gates.
Logic function:

Vo= 8
INVERTER gate truth table:

A Y

1 0
0 1

6.4.6 74xx05 (Hex INVERTER (OC))

This device contains six independent INVERTER gates. For correct performance, the open
collector outputs require pull-up resistors.

Logic function:
Vo= 8

INVERTER gate truth table:

A Y

1 0
0 1
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6.4.7 74xx06 (Hex INVERTER (OC))

This device contains six independent INVERTER gates. For correct performance, the open
collector outputs require pull-up resistors.

Logic function:
Vo= 8

INVERTER gate truth table:

A Y
1 0
0 1

6.4.8 74xx07 (Hex BUFFER (OC))

This device contains six independent BUFFER/non-inverting gates. For correct performance,
the open collector outputs require pull-up resistors.

Logic function:
Vo= 8

BUFFER gate truth table:

6.4.9 74xx08 (Quad 2-In AND)

This device contains four independent 2-input AND gates.
Logic function:
¥ = AR
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AND gate truth table:

6.4.10 74xx09 (Quad 2-In AND (OC))

This device contains four independent 2-input AND gates. For correct performance, the open
collector outputs require pull-up resistors.

Logic function:
Y = AB

AND gate truth table:

6.4.11 74xx10 (Tri 3-in NAND)

This device contains three independent 3-input NAND gates.
Logic function:

W= ABC
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NAND gate truth table

~ 0~ 0 -0 =09 »
anh o000~ ~200 W
A aaaao0oo0o00 0
SEEEEE

6.4.12 74xx100 (8-Bit Bist Latch)

The 74100 is an 8-bit bistable latch.
8-bit bistable latch truth table:

IHPUTS OUTPUTS

D 6 @ @
o1 o0 1
11 |1 o
¥ o0 |@0 @0

6.4.13 74xx107 (Dual JK FF(clr))

This device is a positive pulse-triggered flip-flop. It contains two independent J-K flip-flops
with individual J-K, clock, and direct clear inputs.

JK flip-flop truth table:

CLRCLKJ K |a Q
0 X X X 0 1

1 : 0 0 Hold

1 1 0 1 0
1 0 1 0 1

1 1 1 Toggle
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6.4.14 74xx109 (Dual JK FF (+edge, pre, clr))

This device contains two independent J-K positive edge-triggered flip-flops.

JK flip-flop truth table:

INPUTS OUTPUTS
PRE TLR CLK J K Q Q
L H X X X H L
H L X X X L H
L L X X X Ht  HT
H H ) L L L H
H H T H L Toggle
H H T L H Qp Op
H H ) H H H L
H H L X X Qp Qp

TThe output levels are not guaranteed to meet the minimum
levels forVoH. Furthermore, this canfiguration is nonstable;
that is, it will not persist when PRE or CLR returns to its

inactive (high) level.

6.4.15 74xx11 (Tri 3-In AND)

This device contains three independent 3-input AND gates.

Logic function:
Y =ABC

AND gate truth table:

~ 0 -~,0 =200 >»
-~ 00O -_=-—~0O0O W
= a2 a s 0000 0

- O O O O O O o <
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6.4.16 74xx112 (Dual JK FF(-edge, pre, cir))

This device contains two independent J-K negative edge-triggered flip-flops.
JK flip-flop truth table:

INPUTS OUTPUTS

PRE TLR CLK J K Q Q
L H X X X H L
H L X X X L H
L L X X X HE  HE
H H i’ L L Qg Op
H H l H L H L
H H l L H L H
H H 1 H H Toggle
H H H X X Qg Qp

TThe output levels in this configuration are not guaranteed to
meet the minimum levels for V. Furthermore, this
configﬁtion iﬂnstable; that is, it will not persist when
either PRE or CLR returns to its inactive (high) level.

6.4.17 74xx113 (Dual JK MS-SLV FF (-edge, pre))

This device contains two independent J-K negative edge-triggered flip-flops.
JK flip-flop truth table:

Inputs Qutputs
PR CLK J K a
L X X X H L
H 1 L L Qg Ty
l 1 H L H L
H 1 L H L H
H 1 H H Toggle
H H X X [ g

H = Hgh Logic Level
X = Either Low or Hgh Logic Level
L = Low Logic Lavel
| = Negative going sdos of pulas.
Qg = The cutput logic level of O belors the iIndicated input condiions wens satablshed.
Topgle = Each output changes to the complament of 2 previoes level on =ach 181ing edge of the clock pulss.

© National Instruments Corporation 6-9 Multisim Component Reference Guide



TTL

6.4.18 74xx114 (Dual JK FF (-edge, pre, com clk & clr))

This device contains two independent J-K negative edge-triggered flip-flops.
JK flip-flop truth table:

INPUTS OUTPUTS
PRE CIR clx J K|l a @
L H X X X| H L
H L X %X x| L H
L L X X X | H' H?
H H l L L|agp Qg
H | l H L| H L
H H l L H| L H
H H I H H| TOGGLE
H H H X XxX|ag Qg

I The output levels in this configuration are not
guaranteed to meet the minimum levels
for Vou if the lows at preset and clear
are near Vi minimum. Furthermore, this
configuration is nonstable; that is, it will not
persist when either preset or clear returns to
its inactive {high} level.

6.4.19 74xx116 (Dual 4-bit latches (clr))

This device contains two independent 4-bit latches. Each 4-bit latch has an independent
asynchronous clear input and a gated two-input enable circuit.

Sample 4-bit latch truth table:

INPUTS

OUTPUT
ENABLE

CLR|[c1 C2 |DATA|Q

T 0 0 |0 0

1 o o |1 1

1 |x 1 X |Hod

1 |1 x |x |Hod

o |x x [x o
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6.4.20 74xx12 (Tri 3-In NAND (OC))

This device contains three independent 3-input NAND gates. For correct performance, the
open collector outputs require pull-up resistors.

Logic function:
Y =ABC

NAND gate truth table:

~ 0202020 >
A A 002200 W
[N e == =]l

O =~ o o o a4

6.4.21 74xx125 (Quad bus BUFFER w/3-state Out)

This device contains four independent BUFFER/non-inverting gates with 3-state outputs.

BUFFER gate truth table:
A G |y
1 0 0
0 0 1
X 1 Z
Z = high impedance

The output of the bus buffer is disabled when G is high.
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6.4.22 74xx126 (Quad bus BUFFER w/3-state Out)

This device contains four independent BUFFER/non-inverting gates with 3-state outputs.

BUFFER gate truth table
A G Y
1 1 1
0 1 0
X 0 4
Z = high impedance

The output of the bus buffer is disabled when G is low.

6.4.23 74xx13 (Dual 4-In NAND (Schmitt))

This device is a dual 4-input Schmitt-triggered NAND gate.

6.4.24 74xx132 (Quad 2-In NAND (Schmitt))

NAND gate truth table:

A B Y

1 1 0

0 X 1

X 0 1

VT+ = 1.8V (at 5 Volt test condition)
VT- = 0.95V (at 5 Volt test condition)

6.4.25 74xx133 (13-In NAND)

Logic function:
Y = ABCDEFGHIJKLM
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NAND gate truth table

INPUTS ATHRU M ’Y
All'inputs 1 0
One or more inputs 0

6.4.26 74xx134 (12-In NAND w/3-state Out)

12-Input NAND with 3-state outputs:

INPUTS ATHRU L ‘OC Y
All'inputs 1 0 0
One or more inputs 0 0 1
Don't care 1 z
Z = high impedance (off)

6.4.27 74xx135 (Quad Ex-OR/NOR Gate)

This device can operate as Exclusive-OR gate (C input low) or as Exclusive-NOR gate (C
input high).
Exclusive-OR/NOR gate truth table:

INPUTS OUTPUT
A B Cc Y
0 0 0 0
0 1 0 1
1 0 0 1
1 1 0 0
0 0 1 1
0 1 1 0
1 0 1 0
1 1 1 1
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6.4.28 74xx136 (Quad 2-in Exc-OR gate)

This device is a quadruple 2-input exclusive-OR gate with open-collector outputs.

Exclusive-OR gate truth table:

INPUTS OUTPUT
A B Y
0 0 0
0 1 1
1 0 1
1 1 0

6.4.29 74xx138 (3-to-8 Dec)

This device decodes one of eight lines dependent on the conditions at the three binary select

inputs and the three enable inputs.

3-to-8 decoder/demultiplexer truth table:

SELECT
GL G1 G2 |[C B A [YO Y1 Y2 Y3 Y4 Y5 Y6 Y7
X X 1 X X X 1 1 1 1 1 1 1 1
X 0 X X X X 1 1 1 1 1 1 1 1
0 1 0 0 0 0 0 1 1 1 1 1 1 1
0 1 0 0 0 1 1 0 1 1 1 1 1 1
0 1 0 0 1 0 1 1 0 1 1 1 1 1
0 1 0 0 1 1 1 1 1 0 1 1 1 1
0 1 0 1 0 0 1 1 1 1 0 1 1 1
0 1 0 1 0 1 1 1 1 1 1 0 1 1
0 1 0 1 1 0 1 1 1 1 1 1 0 1
0 1 0 1 1 1 1 1 1 1 1 1 1 0
1 1 0 X X X Output corresponding to stored address 0; all
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6.4.30 74xx139 (Dual 2-to-4 Dec/DEMUX)

This decoder/demultiplexer contains two individual two-line to four-line decoders. It features
fully buffered inputs, each of which represents only one normalized load to its driving circuit.

2-to-4 decoder/demultiplexer truth table:
INPUTS OUTPUTS
ENABLE SELECT

B A YO Y1 Y2 Y3

o o o o 4 @

X
0
0
1
1

-~ O -~ O X
A A O A
[ = Y G
A 0O =~ 4 A
O = 4 A

6.4.31 74xx14 (Hex INVERTER (Schmitt))

A key feature of this integrated circuit is its high noise immunity. Due the to the Schmitt-
trigger action, this device is ideal for circuits that are susceptible to unwanted small signals,
such as noise.

INVERTER gate truth table:

A Y
0 1
1 0

The voltage threshold levels are as follows:

VT-
VT+

0.95V (at 5 Volt test condition)
1.8V (at 5 Volt test condition)

6.4.32 74xx145 (BCD-to-Decimal Dec)

The BCD-to-decimal decoder/driver consists of eight inverters and ten four-input NAND
gates. These decoders feature high-performance, n-p-n output transistors designed for use as
indicator/relay drivers or as open-collector logic-circuit drivers.
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BCD to decimal decoder/driver truth table:

No.

AIMVANI

6.4.33 74xx147 (10-to-4 Priority Enc)

This TTL encoder features priority decoding of the inputs to ensure that only the highest-
order data line is encoded. It encodes nine data lines to four-line (8-4-2-1) BCD.

101-line to 4-line priority encoder truth table:

OUTPUTS

INPUTS

ni.com
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6.4.34 74xx148 (8-to-3 Priority Enc)

This TTL encoder features priority decoding of the inputs to ensure that only the highest-
order data line is encoded. It encodes eight data lines to three-line (4-2-1) binary (octal).

8-line to 3-line priority encoder truth table:

INPUTS OUTPUTS
El |0 1 2 3 4 5 6 7 A2 A1 A0 |GS EO
1 X X X X X X X X 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 0
0 X X X X X X X 0 0 0 0 0 1
0 X X X X X X 0 1 0 0 1 0 1
0 X X X X X 0 1 1 0 1 0 0 1
0 X X X X 0 1 1 1 0 1 1 0 1
0 X X X 0 1 1 1 1 1 0 0 0 1
0 X X 0 1 1 1 1 1 1 0 1 0 1
0 X 0 1 1 1 1 1 1 1 1 0 0 1
0 0 1 1 1 1 1 1 1 1 1 1 0 1

6.4.35 74xx15 (3 3-Input AND)

Logic function:

Y =ABC
AND gate truth table:
A B C Y
1 1 1 1
0 X X 0
X 0 X 0
X X 0 0

6.4.36 74xx150 (1-of-16 Data Sel/MUX)

This device can select one of sixteen data sourc