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Component Reference Guide

This guide contains information on the components found in Multisim 8.

The chaptersin the Component Reference Guide are organized to follow the component
groups that are found in the Multisim 8 databases.

License Agreement

Please read the license agreement included in the User Guide carefully beforeinstalling and
using the software contained in this package. By installing and using the software, you are
agreeing to be bound by the terms of thislicense. If you do not agree to the terms of this
license, simply return the unused software within ten days to the place where you obtained it
and your money will be refunded.
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Chapter 1
Source Components

1.1 Ground

.||_

1.1.1 About Grounding

A voltage measurement is always referenced to some point, since avoltageis actually a
“potential difference” between two pointsin acircuit.

The concept of “ground” isaway 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). Thisis how
the expression “earthing” or “grounding” acircuit 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.
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Source Components

1.1.2 The Ground Component

1.2

1.3

1.3.1

1-2

This component has 0 voltage and so provides aclear reference point for calculating electrical
values. You can use as many ground components as you want. All terminal s 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 acircuit is ungrounded or
improperly grounded (even if it does not need grounding in reality), it may not be simulated.
If itissimulated, it may produce inconsistent results. The linear transformer must be
grounded on both sides.

Digital Ground

~

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

DC Voltage Source (Battery)

1
—_—
-

Battery Background Information

A battery may be asingle electrochemical cell or anumber of electrochemical cellswired in
series. It isused to provide a direct source of voltage and/or current.

A single cell has avoltage 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.
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VCC Voltage Source

Batteries can be rechargeable and can be built to deliver extremely high currents for long
periods. The automobile ignition battery is an application of abattery asa* 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 isavoltage source, and it isimportant that current is not drawn from the standard cell.

1.3.2 Battery Component

This source can be adjusted from microvolts to kilovolts, but the value must be greater than
zero.

Tip The battery in Multisim has no resistance. If you want to use a battery in parallel with
another battery or a switch, insert a 1-mW resistor in series with it.

Battery tolerance is, by default, set to the global tolerance (defined in the Analysis’Monte
Carlo dialog box). To set the tolerance explicitly, de-select “ Use global tolerance” and enter a
value in the “voltage tolerance” field.

1.4 VCC Voltage Source

lils
_|— &Y

The VCC Voltage Source is used to connect power to the digital components which do not
have an explicit power pin. The VCC Voltage Source must be placed on the schematic and
can be used asa DC voltage source. The value of VCC can be set by using the Digital Power
dialog box, which appears when you double-click on the VCC symbol. Multiple VCC
symbols may be placed on a schematic but there is only one VCC net in the schematic. Only
one value of VCC voltage is possible in the design with both positive and negative values
being supported.
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1.5 DC Current Source

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

DC current source tolerance is, by default, set to the global tolerance (defined in the Analysis/
Monte Carlo dialog box). To set the tolerance explicitly, de-select “Use global tolerance” and
enter avalue in the “ current tolerance” field.

1.6 AC Voltage Source

W2

@120'« B0Hz

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

Vpeak

V2

AC voltage source tolerance is, by default, set to the global tolerance (defined in the Monte
Carlo Analysis screen). To set the tolerance explicitly, de-select “Use global tolerance” and
enter avalue in the “voltage tolerance” field.

VRMS =
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1.7 AC Current Source

1

@m BOHz

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

| peak

2

AC current sourcetolerance is, by default, set to the global tolerance (defined in the Analysis/
Monte Carlo dialog box). To set the tolerance explicitly, de-select “ Use globa tolerance” and
enter avalue in the “ current tolerance” field.

IRMS =

1.8 Clock Source

1
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

vz
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 =VeEN(Z 7 f¢ TIME) 1 T sin(@ i fm 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-
modul ated 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

Thisisan FM source of which the output is measured in voltage.
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1.10.2 Characteristic Equation

The behavior of the FM voltage source is described by:
Vour =Valsin(Z1 @ f@ TIME [ sifi{Z] 7ilfm TIME))

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

1.10.3 FM Current Source

1
@ 14 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 asin E.10.2, with
Vout replaced by lout.
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1.11 FSK Source

KAl

@ 120 10Hz 5Hz

This sourceis used for keying atransmitter for telegraph or teletype communications by
shifting the carrier frequency over arange of afew hundred hertz. The frequency shift key
(FSK) modulated source generates the mark transmission frequency, f1, when abinary 1is
sensed at the input, and the space transmission frequency, f2, when a0 is sensed.

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

In thissystem, adigital high level isreferred to asaMARK and is reproduced as a frequency
of 1200 Hz. A digital low level isreferred to asa SPACE and is represented by a frequency of
2200 Hz.

In the example shown below, the frequency shift keying signal isa5v (TTL) square wave.

When the keying input is 5V, aMARK frequency of 1200 Hz is output. When keying voltage
is OV, a SPACE freguency of 2200 Hz is output.

KEYIMNG FSk output

441200 HZ2200 Hz
200 Hzis0%

Expand Ground (%
|| H || || Time ba Trigger
: 1. 00! div B | Edge [ ®| &

[T Bt & [ 2uro |[&] B [Ex]
—Channel & Channel B
[ 5 wiDiw B |[5 woiw
' position | 1.83 E *f position | 0.00 E
Acfofloc, @ Acfofoe] &

] #position [0.00 [ | Level
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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

5-

The output voltage of this source depends on the voltage applied to itsinput 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.

_ Vout
VIN

E

1.13 Current-Controlled Voltage Source

I

The output voltage of this source depends on the current through the input terminals. The two
arerelated by aparameter called transresistance (H), which istheratio of the output voltageto
the input current. It can have any value from mw to kW.

H = VouT

lIN

Multisim 8 Component Reference Guide 1-9



Source Components

1.14 Voltage-Controlled Current Source

The output current of this source depends on the voltage applied at the input terminals. The
two arerelated 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.

_lout
VIN

G

1.15 Current-Controlled Current Source

e

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),
which istheratio of the output current to the input current. The current gain can have any
value from mA/A to KA/A.

_lout

F

N
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Voltage-Controlled Sine Wave

1.16 Voltage-Controlled Sine Wave

W
*
-4 OV

1.16.1 The Component

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 pairsis 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.

1.16.2 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, asis the case for many signal
generators and function generators, or may be the output from aPLL 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 OV
produces an output frequency of 100Hz and a control voltage of 12V produces an output
frequency of 20KHz.
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A square wave control voltage produces aform of FSK (frequency shift keying), a sine wave

control voltage produces aform of FM (frequency modulation).

[ swEEP v

Freguency AdjfR1
[FIf1 keuE0%

a1
Bl contrRoLY =

E= i

Frequency
Diuty cycle %
Amplitude [v B
Offset [ B
= Common +
(] (] (]

i# Dgcilloscope E

Expand Ground (%

Time ba: Trigger
Dzomeray B | Eage [ =) &
Wposition 000 [ | Lewel [0o0  [H
[T Bt & [ 2uro |[&] B [Ex]
—Channel & Channel B

[ 5 wiDiw B [z wow E
*f position | 0.00 E *f position | 0.00 E
Acfofloc, @ Acfofoe] &
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1.17 Voltage-Controlled Square Wave

ER AT b

1.17.1 The Component

This oscillator isidentical to the voltage-controlled sine wave oscillator except that it outputs
asquare wave. This oscillator takes an input AC or DC voltage, which it uses asthe
independent variable in the piecewise linear curve described by the (control, frequency) pairs.
From the curve, afrequency value is determined, and the oscillator outputs a square wave at
that frequency. When two co-ordinate pairs are used, the oscillator outputs alinear variation
of the frequency with respect to the control input. When the number of co-ordinate pairsis
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.

1.17.2 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, asis 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 OV
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 aform of FSK (frequency shift keying), a sine wave

control voltage produces aform of FM (frequency modulation).

SWEEPR ¥

— Freguency AdjfR1
[FIf1 keuE0%

:
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QUTPUT
*—0
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Acfofloc, @ Acfofoe] &
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1.18 Voltage-Controlled Triangle Wave

N RS

1.18.1 The Component

This oscillator isidentical to the voltage-controlled sine wave oscillator except that it outputs
atriangle 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, afrequency value is determined, and the oscillator outputs a triangle wave at
that frequency. When two co-ordinate pairs are used, the oscillator outputs alinear variation
of the frequency with respect to the control input. When the number of co-ordinate pairsis
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.

1.18.2 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, asis 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 OV
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 aform of FSK (frequency shift keying), a sine wave
control voltage produces aform of FM (frequency modulation).

51
BWEEP ¥ Bl conTrROLY —
) _" QUTPUT
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— z052_V| 11
ra
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Dty eycle %
Amplitude E
Ofiset [F__ [
- Common +
0] 0] 0]
i# Dgcilloscope B
Expand Ground (%
Time ba: Trigger
020 divs B | Edge [F =l &

Wposition 000 [ | Lewel [0o0  [H
[+ | Bia] sl [ Aure | A B [Eat |
—Channel A Channel B
[ 5 wiDiw B [z wow E
*f position | 0.00 E *f position | 0.00 E
aclpjfoc] @ ac|pjfoc] @

1.19 Voltage-Controlled Piecewise Linear Source

Ve

@

This source (voltage-controlled piecewise linear source) allowsyou to control the shape of the
output waveform by entering up to five (input, output) pairs, which are shown in the
Properties dialog box as (X,Y) co-ordinates.
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Voltage Controlled Resistor

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 PWL-controlled 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 isthat it can unrealistically cause the output to reach avery
large or very small value, especialy for large input values. Therefore, keep in mind that this
source does not inherently provide alimiting capability.

50 s
30
10

1 2 3

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

Defined Region

The graph abowe is a result of the following co-ordinates entered into the voltage-
controlled piecewise linear source are as follows:
H-Array y-array

0 0

1 10
2 50

In order to reduce the potential for non-convergence of simulations, the PWL-controlled
source provides for smoothing around the co-ordinate pairs. If input smoothing domain (1SD)
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 Voltage Controlled Resistor

" Ul
1kOhms /W

The resistance of thisdeviceis 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
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theresistor’s properties window. The default valueis 1 kOhm per volt. You can changethis as
desired in the Resistance field of the Value tab.

1.21 Piecewise Linear Source

1.21.1 The Component

1-18

The signal output of this component can be either a current source or a voltage source.

This source allows you to control the shape of the waveform by entering time and voltage/
current pairs of values. Each pair of values 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 has two terminals and behaves as a current or voltage source when connected
inacircuit. It reads a specified file which contains atable of time and current/voltage points.
Using the datain the table, the component generates a current/voltage waveform specified by
the input text file.

To use the PWL source:
1. Drag PWL Source from the Sources toolbar to the circuit window.
2. Double-click the component.

3. Sdlect the file containing the voltage/current and time points from the dialog box. (See
“Input Text File Specification” below.)

Outside the bounds of the input co-ordinates, the PWL-controlled 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 isthat it can unrealistically cause the output to reach avery
large or very small value, especialy for large input values. Therefore, keep in mind that this
source does not inherently provide alimiting capability.

In order to reduce the potential for non-convergence of simulations, the PWL-controlled
source provides for smoothing around the co-ordinate pairs. If input smoothing domain (I1SD)
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.

1.21.1.1 Example

In the sample circuit shown below, atriangle waveform with uniform rise and fall slopesis
modified to a parabolic waveform for which the slope increases at each reference point.
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The co-ordinate pairs that perform this conversion are:

First pair 0,0 (no change)

Second pair 11 (same)

Third pair 2,4 (slope is increased between this pair and the last)
Fourth pair 3,9 (slope increased again)

Fifth 4,16 (even steeper slope)

Note Inthisexample, theY (output) isthe square of theinput. It is therefore an exponential.

<* Function Generator
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1.21.1.2 Input Text File Specification

Thisfile must contain alist of time and voltage/current points. Each line of the file represents
one point. The format is:

Time <space(s)> Voltage

or

Time <space(s)> Current
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1-20

You can leave any amount of space between the Time and Voltage/Current fields. Hereis 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 line

non-numeric data following correctly formatted accept data, ignore non-

data numeric data

non-whitespace between Time and Voltage/ ignore line

Current

whitespace preceding correctly formatted data accept data, ignore
whitespace

1.21.1.3 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 thefile
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.

If you do not specify afile name, the PWL source behaves as a short circuit.

An easy way to generate an input file for the PWL source isto capture data using the Write
Data component (described in the Miscellaneous Parts Bin chapter). If you capture more than
one node with Write Data and then use the resulting file for the PWL source, only the
waveform V1 will be used.
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1.21.2 Piecewise Linear Voltage Source

®v1

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

1.21.3 Piecewise Linear Current Source

@m

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

1.22 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 [|nitial Value

* Pulsed Value
» Delay time

e RiseTime

e Faltime

e Pulse Width

e Period
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Pulse Voltage |
Label | Display Value | Analysis Setup | Faut |
Inital e [E v =
Pulsed Value |5 v =
I~ Tolerance 333 7
W Delay Time |0 =
¥ Fise Time | [nsec =
¥ Fall Time | [neec =
¥ Pulse width {05 [msec =
W Period [ [msec =
[ ok | cance | e | Hep |

1.22.1 Pulse Voltage Source

W2
0% &

This component is a pulse source of which the output is measured in voltage.
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1.22.2 Pulse Current Source

12
U

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

1.23 Polynomial Source

e
i

Ery
G

Thisis avoltage-controlled voltage source defined by a polynomial transfer function. Itisa

specific case of the more genera nonlinear dependent source. Use it for analog behavioral
modeling.

The polynomial source has three controlling voltage inputs, namely, V; V,and Vg
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1.23.1 Output Voltage Characteristic Equation

1.24 Exponential Source

1-24

The output voltage is given by:

Vour= A+BIVi+ QN+ DIV BEVF B M1 V2 GV Vs

where

m
1

o O
|

+ HDV2’+ 10VE] V& V¥ K NilV2 Vs

constant
coefficient of V,
coefficient of V,
coefficient of V3
coefficient of V.
coefficient of V4V,
coefficient of V4V,
coefficient of V.
coefficient of V,xV5

coefficient of V3.

coefficient of V1+V,:V3

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

The following parameters can be modified:

* |nitial Value

» Pulsed Value

¢ RiseDelay time
¢ RiseTime

¢ Fal Delay time
 Fal Time
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Exp Voltage |
Label | Display Value | Analysis Setup | Faut |
Iritial alue B =
Pulsed Value | v =
W FRise Delay Time B E=
W Rise Time Constant |1 [msec =
W Fall Delay Time B [msec =
W Fall Time Constant, |1 [ms=e =

k. I Cancel | Info Help

1.24.1 Exponential Voltage Source

W1
[ R

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

11
04 14

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

1.25 Nonlinear Dependent Source

£a
— %1

vzl H
|
—he) 1
—ish
—i&

W=0

Use this source for analog behavioral modeling. This generic source allows you to create a
sophisticated behavioral model by entering a mathematical expression. Expressions may
contain the following operators:

+ - * / n unary-

and these predefined functions:

abs asin atanh exp sin tan
acos asinh cos In sinh u
acosh atan cosh log sqrt uramp
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The functions u (unit step function) and uramp (integral of unit step) are useful in
synthesizing piecewise nonlinear functions.

U(X)_ 1 forx=0
1o forx<0

_[x forx=0
wram(X) =15 yx<0

If the argument of log, In or sgrt becomes less than zero, the absolute value of the argument is
used. If adivisor becomes zero or the argument of log or In becomes zero, an error will result.

The small-signal AC behavior of this sourceisalinear dependent source with a
proportionality constant equal to the derivative of the source at the DC operating point.

Mathematical expression examples:

i = cos(v(1)) + sin(v(2))
v =In(cos(log(v(1,2))"2)) - v(3) * 4 + v(2) " v(1)

i =17

» To usethe nonlinear dependent source;
1. Double-click the component.
2. Typethe algebraic expression.

Note If the dependent variableis“V” the output isin volts; if the dependent variableis“I”
the output is current.

1.26 Controlled One-Shot

0.8 0V 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
change clock trigger value, output delay from trigger, output delay from pulse width, output
rise and fall times, and output high and low values.
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1.27

1.28

1-28

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

Magnetic Flux Source

I

Key = B 0.000
Thisdeviceis used with aHall Effect Sensor.

The Magnetic Flux Source usesthe “B” key to change the density and polarity of the
magnetic flux impacting on aHall 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

"

(]
100,000
Key=8B
Thisdeviceisused with aHall 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 valuein the
Magnetic Channel field in the Value tab of the source'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 generator. No two magnetic flux generators or sources
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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.

1.29 Multiplier

¥
X #d

—X

AW 0

This component multiplies two input voltages.

The basic function multipliesthe X and Y inputs.

Vo=Vx* Wy

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 = 8V)

b) Two volts DC multiplied by 2v RMS (2V * 2v RMS = 4v RMS)
¢) Two AC signals, 2sinx and 4 cosx
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1.29.1 Characteristic Equation
The output voltage is given by:

Vout = K(XK(VX + Xoff )D{k(vy-'- Yoff ))+ Off

where
Vy = input voltage at x
Vy = input voltage aty

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

1.29.2 Multiplier Parameters and Defaults

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

1.30 Divider

A
A

et

v oy

This component divides one voltage (they input, or numerator) by another (the x input, or
denominator).

Multisim 8 Component Reference Guide 1-31



Source Components

Vo = W/Vx

You can limit the value of the denominator input to a value above zero by using the parameter
XLowLim. Thislimit is approached through a quadratic smoothing function, the domain of
which you can specify as an absolute valuein XDS.
In the example shown below, the 120v RM S (339.38v peak to peak) sine wave at the Y input
isdivided by a16.96V DC voltage at the X input. The result is 339.38v (peak to peak) /

16.97V = 20v peak to peak.

If VX isreplaced with a 12v RM S voltage, in phase with VY, the output will be 10V DC.

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 alarge positive or negative “ spike”

will be observed on the scope.
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1.30.1 Characteristic Equation

(v, +Y )%,
V,, = [k+ off
(Ve + X ) OX,
where
Vy = input voltage at x
Vy = input voltage at'y

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

1.30.2 Divider Parameters and Defaults

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

Al

Pis)

ais)

0% W

This component models the transfer characteristic of adevice, circuit or systeminthe s
domain. Thetransfer 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.

1.31.1 Characteristic Equation

Thistransfer function model is defined in aform of the rational function:

T(9= YO _AS T AS TASHA

X(s) = B, +B,s? +Bs+B,

Transfer functions up to the third order may be modeled.

In the example shown below, the transfer function for asimple first order low passfilter is
used. Only the numerator and denominator constants AO and BO are required in this case.
These are equal to two pi times the cutoff frequency (first pole).
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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.

<* Bode Plotter
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10kHz - Lawpass

P(s}
" Qs
141 kH2i0 Deg

T
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— Wertical Horizontal

[Log| [Lin [Log| [Lin
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=l =
.................................................. @ h & O @

1.31.2 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 -
Al Numerator 1st order coefficient 0 -
AO Numerator constant 1 -
B3 Denominator 3rd order coefficient 0 -
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Symbol Parameter Name Default Unit
B2 Denominator 2nd order coefficient 0
B1 Denominator 1st order coefficient 0
BO Denominator constant 1

1.32 Voltage Gain Block

A

K

AW O O

This component multiplies the input voltage by the gain and deliversit 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 isa 0.707v RM S (2v peak to peak) sine wave and the

gain factor K isset at 5. The output then isK times the input.
(.707*5= 3.535v RMS or 10 v peak to peak)

1-36

may be any value.

Caution Using the default model, asin 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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1.32.1 Characteristic Equation
Vout = K(Vm +Vloff) +V00ff

1.32.2 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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1.33 Voltage Differentiator

Ad

dfdt

1w

This component calculates the derivative of the input voltage (the transfer function, s) and
deliversit to the output. It isused 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

1.33.1 Investigations

1-38

1.33.1.1 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 afactor 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.

1.33.1.2 Triangle waveforms

In anideal 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.

Thereversal 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 afactor of 10. The differentiator output
will also increase by the same factor.
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1.33.1.3 Square waves

In anideal sguare wave, the change takes place only at the rising and falling edges. The
change isinstantaneous. This instantaneous rate of change

(dV/dT =dVv/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 isinfinite (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.

Tointroducefiniterise and fall timesinto the input to the differentiator, in order to investigate
realistic situations, use an RC network placed in series with the function generator.

Note Sincetherise and fall times are fixed, the differentiator output does not change with
change of input frequency as for the sine and triangle waveforms.

Changing the RC time constant and comparing differentiator output will illustrate this point.
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1.33.2 Characteristic Equation

v
Vout (t) =K E +VOoff

1.33.3 Voltage Differentiator Parameters and Defaults

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

1.34 \Voltage Integrator

A

S

WY

This component calculates the integral of the input voltage (the transfer function, 1/s) and
deliversit 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 waveformsthat are symmetrical about the zero axis, area above and below the axisis 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 axisis greater, integrator output will rise. If areaiis less, integrator output will
fall.
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1.34.1 Investigations

1. Intheinitia 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 makethewaveforms 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, “ared’ is continually added.

Output will rise indefinitely.

Changing frequency changesthe area. Therefore, in the case of lower frequencies, output rises

faster.
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1.34.2 Characteristic Equation

Vout (t) =K _E(\/| (t) +V|off )dt +V0ic
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1.34.3 Voltage Integrator Parameters and Defaults

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

1.35 Voltage Hysteresis Block

1-42
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N
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This component is asimple buffer stage that provides hysteresis of the output with respect to
theinput. 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 hysteresisvalue, 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 asthe 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. Asthe
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.

As shown, the input triangle waveform rises from 0V and the output is at its lowest value (OV
in this case), as the input crosses +5V (the upper threshold in comparator terms) the output
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changesto its highest value(+2V in this case). Internaly in the hysteresis block the threshold
is now changed to -5V, (the lower threshold).

The output continuesto 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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1.35.1 Hysteresis Block Parameters and Defaults

Symbol Parameter Name Default Unit
ViL Input low value 0 \%
ViH Input high value 1 \

H Hysteresis 0.1

VoL Qutput lower limit 0 \%
VoH Qutput upper limit 1 \
ISD Input smoothing domain % 1
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1.36 Voltage Limiter

1-44
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0% W
Thisisavoltage “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 islimited at +/-5V.

Note If theinput 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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1.36.1 Characteristic Equation

Vour =

Vour = K,y +V ) for Vi, Vi SV
Vmax for VOUT >Vmax
Vmin for VOUT <Vmin

Vour =

1.36.2 Voltage Limiter Parameters and Defaults

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

1.37 Current Limiter Block

|A1

A\

| o 1WA

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

takes asinput a voltage value from the “in” connector. It then applies the offset and gain, and
derivesfrom it an equivalent internal voltage, Veq, which it limitsto 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 islessthan the
output voltage, asinking current will flow into the output pin.
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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
specified by either 1SrcL 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 railsis model ed.

UL SR controls the voltage below positive input power and above negative input power
beyond which Vg = k (input voltage + Off) is smoothed. ISrcSR specifies the current below
ISrcL at which smoothing begins, and specifiesthe current increment above zero input current
at which positive power begins to transition to zero. | SnkSR 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 Rsrc and Rsnk, respectively.
For values of (Vg - 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) isset to 1. For this case, output current should then be lload = 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.
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A sinewave input of 1.4v RMS or less will be passed undistorted through the “amplifier”
whileinputs greater than 1.4 v RMS will show limiting (clipping) at the peaks.
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1.37.1 Current Limiter Parameters and Defaults

Symbol Parameter Name Default Unit

Off Input offset 0 \Y

k Gain 1 VIV

Rsrc Sourcing resistance 1 Q

Rsink Sinking resistance 1 Q

ISrcL Current sourcing limit 10 mA

I1SnkL Current sinking limit 10 mA

ULSR Upper and lower power supply smoothing range 1 pv

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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1.38 Voltage-Controlled Limiter

1-48
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A voltage “clipper”. This component is asingle 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 alinear range between them.
Therangeis calculated as the difference between (upper limit control input (U) - VoUD -

UL SR) and (lower limit control input (L) + VoL D + 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.
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1.38.1 Voltage-Controlled Limiter Parameters and

Defaults
Symbol Parameter Name Default Unit
ViOff Input offset 0 \Y,
k Gain 1 VIV
VoUD Output upper delta 0 \%
VoLD Output lower delta 0 \%
ULSR Upper and lower smoothing range 1 Y
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1.39 Voltage Slew Rate Block

1GGYsec 16V

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 unlessthe
slope again exceedsitsrise 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 anideal pulse or analog input to block the effect of slew rate on alogic 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 aresult of slew rate
occurs when frequency isincreased.

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

is doubled to 200Hz.
<* Function Generator =
[ ]
[ e [ |
Frequency 2000 %isfE000 Vis
Duty cycle B H
P o E 7
Ofset
- Comman + L
0] 0] 0] 1
i# Dgcilloscope
. Expand Ground (%
I Time ba: Trigger
: 2. 00m=! div B | Edge [ =l &
- Wposition 000 [ | Lewel [0o0  [H
H [ N Lt T BIA| AR Aue (A B Est |
—Channel & Channel B
B B [z wow E
*f position | 0.00 E *f position | 0.00 E
aclpjfoc] @ ac|pjfoc] @

1.39.1 Voltage Slew Rate Block Parameters and Defaults

Symbol Parameter Name Default Unit
RSMax Maximum rising slope value 1 GVIs
FSMax Maximum falling slope value 1 GVIs
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1.40 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 al three inputs as well asthe
summed output may be set to match any three input summing application.

In the example shown below, all gains are set to unity.

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 termsin 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 solutionisin
progress. Thiswill result in solution error messages. Allow the
solution to pause (or pauseit by clicking on the solution switch).
Operate a switch to add the desired harmonic, and then solve the
circuit again.
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1.40.1 Charactistic Equation

Vout = Kout Ka(Va +Vaoit ) + Ke(Ve +Veof )

+Kc(Ve +Veoit )] +V ooff
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1.40.2 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 \%

1.41 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. Thispart is used
predominantly in Power applications. The 3 sine wave sources are configured in adeltatype

connection.

1.42 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 areturn line for unbalanced loads.)
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1.43 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 aresistor 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 isthat its power
would beinfinite, however, the model isvalid over alimited bandwidth (B) as &l EMF
fluctuations outside of the defined bandwidth are ignored.

The rms voltage associated with Johnson Noise in aresistor R, at the temperature T (Kelvin)
over abandwidth 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).
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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
signalsto adesign. 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 anumber of virtual componentsthat 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.

Therated virtual components are:

e BJT_NPN
e BJT_PNP
e Capacitor
* Diode

e Fuse
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Inductor
Motor

NC Relay
NO Relay
NONC Relay
Resistor

2.3 Sockets

LU O I
oo

[nllai]

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.

2.4  Switch

f—

—oaq,,____o_

The single-pole, double-throw switch can be closed or opened (turned on or off) by pressing a
key on the keyboard. You specify the key that controls the switch by typing its namein the
Value tab of the Circuit/Component Properties dialog box. For example, if you want the
switch to close or open when the spacebar is pressed, type space in the Value tab, then click
OK.

A list of possible key namesis shown below.

To use... Type

lettersatoz | the letter (e.g. a)

Enter enter

spacebar space
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2.5 Resistor

R1
A e

1.0kahm

Resistors come in avariety of sizes, depending on the power they can safely dissipate. A
resistor’sresistance, R, is measured in ohms. It can have any value from Q to MQ.

The Resistance, R, of aresistor instance is calculated using the following equation:
R=Ro* { 1+ TCI1*(T - To) + TC2*[(T-To)"2] }

where:
R =  The resistance of the resistor
Ro =  The resistance of the resistor at temperature To
To =  Normal temperature = 27 degrees C [CONSTANT]
TC1 =  First order temperature coefficient
TC2 =  Second order temperature coefficient
T =  Temperature of the resistor

All of the above variables can be modified, with the exception of To, which is a constant.
Note that Ro is the resistance specified on the Value tab of the resistor properties dialog, not
“R”.

T can be specified in two ways:

1. Select the “Use global temperature” option on the Analysis Setup tab of the resistor
properties dialog box. Specify the (Global) “ Simulation temperature (TEMP)” on the
Analysis Options dialog box.

2. Deselect the “Use global temperature” option on the Analysis Setup tab of the resistor

properties dialog box. Specify the local temperature of the resistor instance on the
Analysis Setup tab of the resistor properties dialog.

Theresistor isideal, with the temperature co-efficient set to zero. To include resistorsin the
Temperature Analysis, set the temperature co-efficient “TC1 and TC2" in the resistor
properties dialog box.

Resistor tolerance is, by default, set to the global tolerance (defined in the AnalysigMonte
Carlo dialog box). To set the tolerance explicitly, de-select “ Use global tolerance” and enter a
value in the “resistance tolerance” field.
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2.5.1 Resistor: Background Information

Resistors come in avariety of sizes, related to the power they can safely dissipate. Color-
coded stripes on areal-world resistor specify its resistance and tolerance. Larger resistors
have these specifications printed on them.

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

The power dissipated by aresistive 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.

2.5.2 About Resistance

Ohm'slaw states that current flow depends on circuit resistance:
| =E/R

Circuit resistance can be calculated from the current flow and the voltage:
R=FHI

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

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

N R R
R1 R2 R3

2.5.3 Characteristic Equation

2-4

The current through the resistor uses the model:
- Vi-V2
R
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where
i = current
V, = voltage at node 1
V, = voltage at node 2
R = resistance

2.5.4 Resistor Virtual

Rz
— e —

1kOhm

This component functions in the same way as aresistor, but has a user settable value.

2.6  Capacitor

]
4
1.0F

A capacitor stores electrical energy in the form of an electrostatic field. Capacitors are widely
used to filter or remove AC signalsfrom avariety of circuits. InaDC 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. It can have any value from pF to mF.

Capacitor tolerance s, by default, set to the global tolerance (defined in the AnalysisMonte
Carlo dialog box). To set the tolerance explicitly, de-select “ Use global tolerance” and enter a
value in the “ capacitance tolerance” field.

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

The polarized capacitor must be connected with the right polarity. Otherwise, an error
message will appear.|ts capacitance, measured in farads, can be any value from pF to F.
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2.6.1 Capacitor: Background Information

Capacitorsin an AC circuit behave as “short circuits’ to AC signals. They are widely used to
filter or remove AC signals from avariety 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.

The basic construction of al capacitors involves two metal plates separated by an insulator.
Electric current cannot flow through the insulator, so more electrons pile up on one plate than
the other. Theresult is a difference in voltage level from one plate to the other.

2.6.2 Characteristic Equation

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

o
dt

2.6.3 DC Model

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

2.6.3.1 Time-Domain Model

R.,isan equivalent resistance andi, is an equivalent current source. The expression for theR,,,
andi,, dependson the numerical integration method used.

For trapezoid method:
_h
2C

2CVn +in
h

Ren

len =
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For the first-order Gear method Backward Euler:

e
. C
len = FVn
where
Vi = present unknown voltage
across the capacitor
i1 = present unknown current
through the capacitor
Vi, 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 capacitor.

2.6.4 AC Frequency Model

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

1
27fC
where
f = frequency of operation
C = apacitance value
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2.6.5 Capacitor Virtual

2.7

2.7.1

2-8

-

This component performs the same functions as a capacitor, but has a user settable value.

Inductor

T

LOH

Aninductor stores energy in an el ectromagnetic field created by changesin current throughit.
Its ability to oppose achangein current flow is called inductance, L, and is measured in
henrys. An inductor can have any value from uH to H.

Inductor tolerance is, by default, set to the global tolerance (defined in the AnalysisMonte
Carlo dialog box). To set the tolerance explicitly, de-select “Use global tolerance” and enter a
valuein the “inductance tolerance” field.

The variable inductor acts exactly like aregular inductor, except that its setting can be
adjusted. It is simulated as an open circuit with a current across the inductor forced to zero by
alarge impedance value. Values are set in the same way as for the potentiometer.

Note Thismodel isideal.To model areal-world inductor, attach a capacitor and aresistor in
parallel with the inductor.

Inductor: Background Information

Aninductor isacoil of wire of one“turn” or more. It reacts to being placed in a changing
magnetic field by developing an “induced” voltage acrossthe turns of theinductance, and will
provide current to aload 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.

Electric transformers take advantage of the transfer of energy in a magnetic field from the
primary winding to the secondary winding, using induced voltage and current. The transfer is
proportional to the ratio of the winding turns.
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Radio antennae are inductors that operate like transformers in generating and detecting
electromagnetic fields. Their efficiency is proportional to their size.

Theignition coil in an automobile develops avery high induced voltage when the current
through it suddenly becomes very great. Thisis the voltage that fires spark plugs.

2.7.2 Characteristic Equation

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

v:Lﬂ
dt

2.7.3 DC Model

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

2.7.4 Time-Domain Model

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

For trapezoid method:

Rn=—
h

hVn+in
L

I =

For Gear method (first order):
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where:

Vi1 = present unknown voltage
across the inductor

i1 = present unknown current
through the inductor

Vi 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.

2.7.5 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

2.7.6 Inductor Virtual

L2
Ty

1rmHz

This component performs in the same way as an inductor, but has a user settable value.
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2.8 Transformer

i =

TS_AUDIO_10_TO_1

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
isgiven by V1/V2 = n, where n isthe ratio of the primary turnsto 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.

Thistransformer is suitable for getting quick results. To simulate realistic devicesthat include
atransformer, you should use the nonlinear transformer.

Note Both sides of atransformer must be grounded.

2.8.1 Characteristic Equation

The characteristic equation of an ideal transformer is given by:

Vv, =nV,
i, = 1i
1= E 2
where
V, = primary voltage
V, = secondary voltage
n = turns ratio
il = primary current
iz = secondary current
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2.8.2

2.9

Ideal 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

If n>1 itisastep-down transformer; if n <1, it isastep-up transformer.

Nonlinear Transformer

T2
MNLT_IDEAL

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

It isimplemented using aconceptual 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.

2.9.1 Customizing

2-12

The nonlinear transformer can be customized for different applications. It isimplemented by
using a magnetic core and the coreless coil as the basic building blocks. The magnetic core
takesin an input voltage and convertsit 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
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H isthen used to find the corresponding Flux Density (B). Thisis 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 alowed 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 areato obtain a Flux Value. The
Flux Value is used by the coreless coil to obtain avalue for the voltage reflected back across
the terminals.

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

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 acore.
» Obtain experimental data.

2.9.2 Nonlinear Transformer Parameters and Defaults

Symbol Parameter Name Default Unit
N1 Primary turns 1

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

R2 Secondary resistance 1le-06 w
L2 Secondary leakage inductance 0.0 H

A Cross-sectional area 1.0 m?
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
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Symbol Parameter Name Default Unit

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 Wh/m?
B3-B15 Flux density co-ordinates 0 Wh/m?

2.10 Relay

KA1

1L
T

EDRZ01ADS

The magnetic relay can be used as anormally 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, S5). Therelay will remain on aslong asthe current
inthecircuit is greater than the holding current (1,g). The value of 1,y must be less than that of

lon-

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

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

2.10.1 Model

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

2-14
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2.10.2 Characteristic Equation

R, =0
R2 = if ip <ion
R, =
R2 =0 ifihd < ion <ip
where
L = inductance of the relay energizing coil, in henrys
Ry Rr2 = resistance of the relay’s switching contact, in ohms
ion = turn-on current, in amperes
ihg = holding current, in amperes
[ = current through the energizing coil in amperes

2.11 Variable Capacitor

cz

—F=

Key==3
100pF

2.11.1 The Component

This component acts much like aregular capacitor, except that its setting can be adjusted.
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2.11.2 Characteristic Equation and Model

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

equation:
Setting ,
C= * Capacitance
100

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

Values are set in the same way as those for the potentiometer.

2.11.3 Virtual Variable Capacitor

This component performs the same functions as a variable capacitor, but has a user settable
value.

2.12 Variable Inductor

Lz

S —

Kew=a
100mH

2.12.1 The Component

This component acts much like aregular inductor, except that its setting can be adjusted.

2.12.2 Characteristic Equation and Model

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

Setting
L= * |nductance
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The variableinductor is simulated as an open circuit with a current across the inductor forced
to zero by alarge impedance value.

Values are set in the same way as for the potentiometer.

2.12.3 Virtual Variable Inductor

This component performs the same functions as a variable inductor, but has a user settable
value.

2.13 Potentiometer

R4
—* Key==a
TMDK_LIN

2.13.1 The Component

This component acts much like aregular resistor, except that you can, with asingle keystroke,
adjust its setting. In the Value tab of the Circuit/Component Properties dialog box, you set the
potentiometer’s resistance, initial setting (as a percentage) and increment (as a percentage).
You also identify the key (A to z) that you will use to control the setting.

» To decrease the potentiometer’s setting, press the identified key.

» Toincrease the setting, 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 isR. You
pressr, and the setting dropsto 40%. You pressR again, and it dropsto 35%. You press SHIFT
and R, and the setting rises to 40%.

Multisim 8 Component Reference Guide 2-17



Basic Components

2.13.2 Characteristic Equation and Model

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

Setting

r= * Resistance
100
where
R, = r
R, = Resistance —r

2.13.3 Virtual Potentiometer

This component performs the same functions as a potentiometer, but has a user settable value.

2.14 Pullup

k'
—gm
? PULLUP
This component is used to raise the voltage of acircuit to which it is connected. Oneend is

connected to Vcc. The other end is connected to apoint in alogic circuit that needsto be
raised to avoltage level closer to Vcc.

2.15 Resistor Packs

,t ; ; l 1H45IF
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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.

2.16 Magnetic Core

T

i

1=g.m 1m

This component is a conceptual model that you can use as a building block to create awide
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 asinput a voltage which it treats as a magnetomotive
force (mmf) value.

2.16.1 Characteristic Equation

Magnetic field intensity, H, is:

H =  mmf/l
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. Thefinal current, I, allowed to flow through the core is used to obtain avalue for
the voltage reflected back acrossthe terminals. It is calculated as:

| = BA
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where

A =

cross-sectional area

2.16.2 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 Wh/m?
B2 Flux density co-ordinate 2 1.0 Wh/m?
B3-B15 | Flux density co-ordinates 0 Wh/m?

2.17 Coreless Caoll

T2
1 Turns

This component is a conceptual model that you can use as a building block to create awide
variety of inductive and magnetic circuit models. Typically, you would use the coreless coail
together with the magnetic core to build up systems that mock the behavior of linear and
nonlinear magnetic components. It takes asinput a current and produces avoltage. The output

2-20
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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.

2.17.1 Characteristic Equation

VOU'( = N |:Iln
where
Voe =  output voltage value

(magnetomotive force)

input current

2.17.2 Coreless Coil Parameters and Defaults

Symbol Parameter Name Default Unit

N Number of inductor turns 1

2.18 Z Loads

2.18.1 A+jB Block

A

—  zZ=A+jB [—

The A+jB Block isacircuit block with resistance and inductance connected in series.
“A” isresistance, “B” isinductive reactance (X ) at a specified frequency and j2 =-1.
XL = 27fL , where f is the specified frequency and L is the inductance.
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2.18.2 A-jB Block

72

— z=AjB [—

The A- jB Block isacircuit block with resistance and capacitance connected in series.
“A” isresistance, “B” is capacitive reactance (X ) at a specified frequency and j2 =-1.

X :i
27fC

wheref is the specified frequency and C is the capacitance.

2.18.3 ZLoad 1

71
1kOhm 1mH 1uF
Z Load 1isacircuit block with values of R, L and C as shown.

2.18.4 Z Load 1 Delta

1kOhm 1mH 1uF

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

BRG

1kOhm 1mH 1uF

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

2.18.6 ZLoad 2

il
e
1kOhm 1mH 1uF

Z Load 2 isan RLC series connection block with R, L, and C vaues as shown.

2.18.7 Z Load 2 Delta

1kOhm 1mH 1uF
Z Load 2 Deltais adelta connection of three Z Load 2s as shown.
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2.18.8 Z Load 2 Wye

A
Y

A

P
1kOhm 1mH 1uF

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

2.18.9 ZLoad 3

Fi|

1kOhm 1mH 1uF

Z Load 3isacircuit block with an RLC paralel connection with R, L and C values as shown.
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Chapter 3
Diodes

3.1 Diode

i}]

bt

AHA193C

Diodes allow current to flow in only one direction and can therefore be used as simple solid-
state switchesin 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 aregion 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 signalsto 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 areal diodein Multisim is divided into the forward and reverse
characteristics.

DC forward characteristic:

VD
= |S(ean —1} +V, G, for Vy= -5V,

DC reverse characteristic:

VD
nvy _ _
Is{e T 1J +V, G, for — 5nV, < V,< 0
. ls +Vp G for — BV <V, < =50V,
D T1-1BV for V, = -BV
_[ BV+VDJ BV
V.
-lgle” 7 7 -1l4+— for V, <-BV
T
where
Ip = current through the diode, in amperes
Vp = voltage across the diode, in volts
Vr = thermal voltage (= 0.0258 volts at room
temperature (27°C))
BV = breakdown voltage

Isis equivalent to the reverse saturation current (1) of adiode. In areal diode, | gdoublesfor
every 10-degreerisein temperature.

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

Thismodel 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:

G, =

where
CjO

%o

rtdI—D +Cjo(l-\iJ for V, < FCLj,

dvy /8
C.
I, di +—'°[F3+ vaj for V, = FCOj,
dVD FZ ¢0

= zero-bias junction capacitance; typically 0.1
to 10 picofarads

= junction potential; typically 0.5 to 0.7 volts
= transit time; typically 1 nanosecond

= junction grading coefficient; typically 0.33 to
0.5

and where F, and F; are constants whose values are:
F2=(1-FC)'"
Fs=1-FC(1+m)

Notes

1. Thevoltage drop across the diode varies depending on the set value of:

Is

Is

saturation current; typically 10-14 amperes

ohmic resistance; typically 0.05 ohms.

2. Theparameter r;isproportional to the reverse recovery time of thediode. 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. Thebarrier potential for adiode is approximately 0.7 to 0.8 volts. Thisis 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.
_dlp lop = Is e%
9= dvo' . nVr
Vo) .
r,0gy, +Cjo| 1-—= for Vp, <FCLj,
_dQy, o
CD _dT|OP - C v
° r.0g, i(F; m D) for V, 2 FCOj,
F, o
where
OoP =  operating point
Qb = the charge on Cp

3.1.5 Diode Parameters and Defaults

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

RS Ohmic resistance 0 10 w

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

VJ Junction potential 1 0.05-0.7 Y

TT Transit time 0 1.0e-10 s

M Grading coefficient 0.5 0.33-0.5

3-4
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Symbol Parameter Name Default Typical Value Unit

Symbol Parameter Name Default Typical Value Unit

BV Reverse bias breakdown 1le+30 - \
voltage

N Emission coefficient 1 1 -

EG Activation energy 1.11 1.11 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

3.2 Pin Diode

Dz

R

ANSTI19

The PIN diode consists of three semiconductor materials.

The center material is made up of intrinsic (pure) silicon. The p- and n-type materias are
heavily doped and, as aresult, 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.
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3.2.1

3.3

3.3.1

3-6

Photo Diode Application

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.

Theintrinsic layer creates alarger depletion region, which causes the diode to produce amore
linear change in current in response to changesin light intensity.

Zener Diode

0z
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 voltageis called the
Zener test voltage (Vzt), which can range between 2.4V 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 amost vertical increase in current.

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

DC Model

The DC characteristic of areal diodein Multisim is divided into the forward and reverse
characteristics.

DC forward characteristic:

VD
I, = |S{ean —1} +V, G, for V= = 5nV;
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DC reverse characteristic:

Vo
nv.
I e™ —-1|+V, G, for — 5NV, < V,< 0
. —l4 +V, G, for — BV< V, <-5nV,
D T 1-1BV for Vp = -BV
_( BV+VD] BV
V.
-lgle” 7 14— for V, <-BV
VT
where
Ib = current through the diode in amperes
Vp = voltage across the diode in volts
Vr = thermal voltage (= 0.0258 volts at room
temperature (27°C))
BV = breakdown voltage

Isisequivalent to the reverse saturation current (1) of adiode. In areal diode, | gdoubles for

every 10-degreerisein temperature.

Other symbols used in these equations are defined in the table bel ow.

3.3.2 Zener Diode Parameters and Defaults

Symbol Parameter name Default Unit
Is Saturation current le-14 A
Rs Ohmic resistance 0 w
CJO Zero-bias junction capacitance 0 F
VAl Junction potential 1 \%
TT Transit time 0 S
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3.4

Symbol Parameter name Default Unit

M Grading coefficient 0.5 -

VZT Zener test voltage 1le+30 \%

1ZT Zener test current 0.001 A

N Emission coefficient 1 -

EG Activation energy 111 eV

XTI Temperature exponent for effect 3.0 -
onls

Symbol Parameter name Default Unit

KF Flicker noise coefficient 0 -

AF Flicker noise exponent 1 -

FC Coefficient for forward-bias 0.5 -
depletion capacitance formula

TNOM Parameter measurement 27 °C

temperature

LED (Light-Emitting Diode)

¥

LED_green

This diode emits visible light when forward current throughit, 1, exceeds the turn-on current,
lon- The electrical model of the LED is the same as the diode mode! described previously.

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.
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3.4.1 Background Information

LEDs are constructed of gallium arsenide or gallium arsenide phosphide. While efficiency

can be obtained when conducting aslittle as 2 milliamperes of current, the usual design godl 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 suppliesin 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.

3.4.2 LED Parameters and Defaults

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

M Grading coefficient 0.5
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3.5

Full-Wave Bridge Rectifier

3N245

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 afull-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.

3.5.1 Characteristic Equation

3.5.2

3-10

The average output DC voltage at no load condition is approximately given by:

VDC = 0.636 * (Vp - 1.4)
where
Vo = the peak value of the input AC voltage
Model

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

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 theinput cycleis positive, diodes D, and D, are forward-biased and D3 and D4 are
reverse-biased. D4 and D, thus conduct current in the direction shown. The voltage devel oped
isidentical to the positive half of the input sine wave minus the diode drops.

When the input cycle is negative, diodes Dz 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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3.5.3 Full-Wave Bridge Rectifier Parameters and

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

RS Ohmic resistance 0 10 w

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

VJ Junction potential 1 0.05-0.7 \%

TT Transit time 0 1.0e-10 S

M Grading coefficient 0.5 0.33-0.5 -

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

N Emission coefficient 1 1 -

EG Activation energy 111 111 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

Multisim 8 Component Reference Guide

3-11



Diodes

3.6

3.7

3-12

Schottky Diode

ov

"

A0EQOS

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

The Schottky diode will have a Vg of approximately 0.3 V and a Vgg of lessthan — 50 V.
These are lower than the typical pn-junction ratings of Vg = 0.7V and Vggr= —1 50 V.

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

The Schottky diode is arelatively 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

o2
2H1535

A silicon-controlled rectifier (SCR) is a unidirectional current control device like a Shockley
diode. However, the SCR has athird terminal capable of supporting adigital 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 pulseis
applied to the gate terminal.

The SCR istriggered into conduction by applying a gate-cathode voltage (VGK), which
causes a specific level of gate current (1G). The gate current triggers the SCR into conduction.
The deviceisreturned to its nonconducting state by either anode current interruption or forced
commutation. When the SCR isturned off, it stays in a non-conducting state until it receives
another trigger.
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3.7.1 Model

The SCR issimulated using a mixed electrical and behavioral model.

The status of the SCR is handled with alogical variable, much like the Shockley diode and
diac simulations. The resistance, R, acts as a current block when the SCR is switched off. Rg
has two separate values, depending on the status of the SCR. When the SCR is on, the
resistance Ry 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 (1e-06) if:

vd >Vvdrm
or
Ig >lgt at Vg >Vgt and
vd=0
or
M > d_V of the SCR
dt dt

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

In this case, the switching occurs after turn-off time T, which isimplemented by the
behavioral controller

Iy = current through the SCR, in amperes

Is blocking resistance, in ohms

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

3.7.2 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, T, isimplemented by introducing a behaviora delay in the opening of the
controlled switch.
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3.7.3 AC Small-Signal Model

In the AC model, the diode is represented by its linearized small-signal model. The diode
small-signal conductance g4 and the small-signal capacitance Cd are evaluated at the DC
operating point.

3.7.4 SCR Parameters and Defaults

Symbol Parameter Name Default Unit
Irdm Peak off-state current le-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 5
dv/dt Critical rate of off-state voltage rise 50 Vs
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 \%

3.8 DIAC

03

=i

ANSTEE

A diacisatwo-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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3.8.1 DC Model

Thediac is switched on and the resistance, R; is set low if, in either the positive or negative

direction.
Vd >Vs
The diac is switched off (current-blocking mode) and R, is set high if, in either direction:
Vs
I rev
Id<Ih
where
Vy4 = voltage across the diac, in volts
Ig = current through the diac, in amperes
Rs = blocking resistance
|re\, = = peak off-state reverse current

Other symbols used in these equations are defined in “ Diac Parameters and Defaults’.

3.8.2 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.
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3.8.3 DIAC Parameters and Defaults

Symbol Parameter Name Default Unit
IS Saturation current 1le-06 A
Vs Switching voltage 100 \%
Vtm Peak on-state voltage 15 \%
Itm Forward current at which Vtm is measured 1 A
Tq Turn-off time le-06 s
Ih Holding current 0.02 A
CJO Zero-bias junction capacitance le-12 F

3.9 TRIAC

010
2NG444

A triac isathree-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. Thetriac remains off, restricting current in both directions until the voltage acrossthe
triac exceeds the breakover voltage, or until a positive pulse of current is applied to the gate

terminal.

3.9.1 Model

The simulation is a combined electrical/behavioral model. The status of the triac, either on or
off, istreated asalogical variable. Theresistance, R, isafunction of the triac status.

3-16
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When the triac is off, the resistance R, is set high to act as a current block. When thetriacis
on, Rgislow (1e-06).

(Vdrm
ldrm

J

Thetriac is switched on in either direction if:

or

or

Vd =Vdrm
Rs=1e- 06

Vd >0 and
lg=Igt atVg=Vat

M > d—V of thetriac
dt dt

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

ld<Ih.

In this case the switching occurs after turn-off time T, which isimplemented by the
behavioral controller.

Vs

vd

ty

Other symbols used in these equations are defined in “ Triac Parameters and Defaullts’.

maximum forward breakover voltage, or switching
voltage, in volts

current through the diac, in amperes
blocking resistance, in ohms

peak off-state reverse current

maximum forward breakover voltage, in volts
current through the triac, in amperes

voltage across the diac, in volts

voltage across the triac, in volts

turn-on time, in seconds
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3.10 Varactor Diode

o141

—»i—

AM54504,

The varactor is atype 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 areverse-biased varactor junction isfound in the following way:

A
Cr=¢e—~
T
Wy
where
Cr = the total junction capacitance
(€ = permittivity of the semiconductor material
A = the cross-sectional area of the junction
Wy = the width of the depletion layer

The value of Crisinversely 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 capacitorsin many applications.
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Chapter 4
Transistors

4.1

BJT (NPN & PNP)

Q2
ZHA13Z2A

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. Initslinear 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 comein two
versions: NPN and PNP. The lettersrefer 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. Theideal NPN in the parts bin has generic
values suitable for most circuits. You can specify areal-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. Theideal PNP model has generic
values suitable for most circuits. You can specify areal-world transistor by double-clicking
the icon and choosing another model.
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4.1.1 Characteristic Equations

le=lc+le
lc
[oc=— =hre
le
Alc
Prc=— —| OP(Vce) =hte
where
Loc = hge = DC current gain
Lac = hy = small-signal current gain
Ic = collector current
I = 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 aBJT 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.
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The beta variation with current is modeled by two extra non-ideal diodes. The diode
capacitors are treated as open circuits. The various egquations are:

lBE2 = Ig[exp( Vee j —l}
NeVT
lec2 = Is{exp( Vec ) —1}
NcVr

1

— Vec
1 VA

Is Vee
Kqz = Vel g
" |KF{eXp(vTj }

qu:%(1+«/l+4Kq2)

qu =

lct =lce —lcc

IBEL= Is{exp(VBEj - 1}
VT

IBC1= Is{exp[ﬂj - l}
VT

where
Vr = thermal voltage = 0.0258
VA = forward early voltage

The model parameter f3;is equivalent to Bpc in the DC case and Bac inthe AC case
Other symbols used in these equations are defined in “BJT Model Parameters and Defaults.”
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4.1.2 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 capacitorsin the
model are represented by their energy storage model derived using the appropriate numerical
integration rule.

dl VR
T —=% +CJEO( BE) for Ve < FCLp.
C — d\/BE ¢E
BE
di cC CJ'EO( mEVBE]
r + F,+—— for Ve 2 FC
] d\/BE F2 : ¢E > . |:¢E
-m
Tn dl EC +CCO(1_V_j for Ve < FCWC
Ve P
CBC =
dl V
Tq dVEBz +CJCO(F3 +—WZCBCJ for Ve = FCLP.
sto(l_ Vcsj for Voo <0
¢
Csub = S\/
m
sto(l"' Csj for Voo >0
¢
-
Viax
Clco(l' ch)[l_¢_j for Vi <FCLP.
_ c
Cix

| elt-x
Call-Xer) [(F3+ ”bVBXj for \fy, = FCTTB,

4-4 Electronics Workbench



BJT (NPN & PNP)

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

1+mg

and for the base-collector junction, Cgc and Cyy,
F,=(1-FC)™™
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.

Cr=Cse|or gr=—7/op
Vr
lc
Cu=Csc|or gmn=—1/|or
Vr
lc
Cs = Caub| op Jo=—1|or
Va
m
Cox = Cx|op il
Or
ic= OVbe + QMee
where
9 = input conductance
Oy = reverse feedback conductance
Om = transductance
% = output conductance.
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4.1.4 BJT Model Parameters and Defaults

Symbol Parameter Name Default Example Unit
IS Saturation current le-16 le-15 A
i Forward current gain coefficient 100 100 -
AR 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
e, ¢t Junction potentials 0.75 0.75 \%
F Forward transit time 0 le-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 le-13 A
current
Ikf Forward beta high-current knee-point 1e+30 0.01 A
Ne Base-emitter leakage emission 15 2 -
coefficient

NF Forward current emission coefficient 1 1 -
NR Reverse current emission coefficient 1 1 -
VAR Reverse early voltage 1le+30 200 \%
IKR Reverse beta roll-off corner current 1le+30 0.01 A
ISC B-C leakage saturation current 0 0.01 A
NC B-C leakage emission coefficient 2 15 -
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Symbol Parameter Name Default Example Unit

IRB Current for base resistance equal to 1le+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 1le+30 - \%
of tF

ITF High current dependence of tF 0 - A

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

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

VJS 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. Thisis 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 comein two varieties: with aNPN transistor or a PNP transistor.

4.3 Darlington Transistor (NPN & PNP)

e
ZNB03S

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.
Thereis also one Common and one GND pin on the IC.

u
ULHADI_DIF 1
IN1 ouT1f 32

1

IN2 auT2
_3_2

IN3 ouTa
=

IN§ ouTL
=]

INS QuTS
+—
-— INE DUTE
—— INT auTe
2l con GHO

td
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4.3.1 DC Bias Model

If a Darlington transistor with avery high current gain, Bp, is used, the base current may be

calculated from
| = Vee—Vae
B Rg+BpRe

This equation is the same for aregular transistor, however, the value of B is much greater,
and the value of Vgg islarger.

The emitter current isthen
le = (Bp+DIg=Bplp
DC voltages are:
Ve = IgRe

Vg = Ve+Vge

4.3.2 AC Model

The AC input signal is applied to the base of the Darlington transistor through capacitor Cy,
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, rj, and an
output current source, Bplp.

4.3.2.1 AC Input Impedance
The AC input impedance looking into the transistor base is then

Vi
T = Ti+BpRe
Iy

The AC input impedance looking into the circuit is

Z; = Rgll(r; + BpRe)

Multisim 8 Component Reference Guide 4-9



Transistors

4.3.2.2 AC Current Gain

The AC circuit gain is asfollows:

A=p Rg - BoRs
' PRg+BpRe  Rg+BpRe

4.4  BJT Array

O7A
EN201GCHM

BJT arrays are collections of discrete transistors on asingle die. They can comein many
variations based on their intended application. The reasons for using an array is that the
devices are more closely matched than arandom group of discrete devices (eliminating the
need to sort them), the noise characteristics are better, and the space required on aPCB is
smaller.

There are three types of BJT arrays:

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

4.4.1 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.
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P-Channel MOSFET

4.4.2

4.4.3

4.5

4.6

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.

Thisarray isuseful in applicationsincluding 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.

Thisarray isuseful 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

Thisdeviceis aP-channel MOSFET. See also “MOSFET” on page 4-12.

N-Channel MOSFET

Thisdeviceis an N-channel MOSFET. See also “MOSFET” on page 4-12.
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4.7 MOSFET

J o7
jh BFa03WR

A MOSFET is a Metal-Oxide-Semiconductor FET. This transistor is atype 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 substrateis 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 MOSFETSs 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.

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.

Eight MOSFETS, both depletion-type and enhancement-type, are included in the parts bin.

4.7.1 Depletion MOSFETs

Like a JFET, adepletion MOSFET consists of alength of p-type (for a p-channel MOSFET)
or n-type (for an n-channel MOSFET) semiconductor material, called the channel, formed on
asubstrate of the opposite type. The gate isinsulated from the channel by athin silicon

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

3-termina n-channel depletion MOSFET
3-termina p-channel depletion MOSFET
4-terminal n-channel depletion MOSFET, substrate unconnected
4-terminal p-channel depletion MOSFET, substrate unconnected

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 (SO,

4-12 Electronics Workbench



MOSFET

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.

3-terminal n-channel enhancement MOSFET
3-termina p-channel enhancement MOSFET
4-terminal n-channel enhancement MOSFET, substrate unconnected
4-terminal p-channel enhancement MOSFET, substrate unconnected

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 isamodified Shichman-Hodges model. LEVEL 2 defines the geometry-
based analytical model. LEVEL 3 defines the semi-empirical short-channel model. LEVEL 4
definesthe BSIM1 model. LEVEL 5 defines a new BS1IM2 model.

4.7.3 DC Model

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

The DC characteristics are modeled by anonlinear current source, |,
Forward characteristics (Vs > ).

Vre = Vo + y(/¢ ~Ves| - /4 fory >0,4 >0

0 for (Vgs —VE) <0

lp = BVos ~Vie) (1 +AVys) for0 <(Ves —Vig) <Vps
BNVps[2Ves =Vig) =Vps] (L +AV,g) for 0 <Vpg <(Vgg —Vie)
Reverse characteristics (Vps < 0):

VT1E = V7o = y(1/¢ —VBD) —\/z
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0 for (Vgp —VrE) <0

I = = BVes -Vee)’(d ~AVps) for0 <(Vgp —Vie) < Vps
BNps[2(Vep —Vig) +Vps] (1= AVps) for 0 <V <(Vgp —Vie)
where
=  channel length modulation, measured in
voZILts

V1e = threshold voltage, in volts
V1o =  zero-bias threshold voltage, in volts
1% =  bulk-threshold parameter, in volts
j =  surface potential at strong inversion, in volts
Vgs =  bulk-to-source voltage, in volts
Vgp = bulk-drain voltage, in volts
VDS = 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 MOSFETSs. The diodes are modeled using the diode time-domain model
described in the Diodes Parts Bin chapter.

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.
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Cag, Ces, Cop are zero-hias junction capacitances.

_d, _dl g
Om %|OP BS dVBS |OP
di, | _dig, |
DS dVGS oP BD _% oP
d,

4.7.6 MOSFET Level 1 Model Parameters and Defaults

Symbol Parameter Name Default Unit
VTO Threshold voltage 0 \%
KP Transconductance coefficient 2e-05 A2
LAMBDA Channel-length modulation 0 v
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 le-14 A
CGBO Gate-bulk overlap capacitance per meter 0 F
channel length
CGDO Gate-drain overlap capacitance per meter 0 F
channel length
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
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4.8

4-16

Symbol Parameter Name Default Unit

PB Bulk-junction potential 0.8 \%

RSH Drain and source diffusion sheet resistance 0 w

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

MJ Bulk junction bottom grading coefficient 0.5 -

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

MJISW Bulk junction sidewall grading coefficient 0.5 -

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

TOX Oxide thickness le-07 m

NSUB Substrate doping 0 1/cms

NSS Surface state density 0 1/cm?

TPG Type of gate material 1 -

LD Lateral diffusion 0 m

uo Surface mobility 600 cmz/Vs

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

'p = I's=10% to 15% of the on-state drain-source resistance, Rpggn)-

MOSFET Thermal Model

Junction

|

Electronics Workbench



MOSFET Thermal Model

Thisis an interactive device that lets you simulate the heat generated in aMOSFET. 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

— =1

11LE

R1

T

O
- 1
C) PDEE . —_ 2

_|
@]
1l
il

— =3

11LE

R3

Heat generated in adevice's junction flows from a higher temperature region through each
resistor-capacitor pair to alower temperature region.

PDissisacurrent source; its amplitude is the power consumed by the MOSFET. The voltages
of thenodes T3, Tg, 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)

o4
2ZM33T0

The JFET isaunipolar, 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 alength 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 anonlinear current source, |p.
Forward characteristics (Vpg= 0):

0 for (Vgs —Vio) <0

lp = =BVas ~Vio)* (1 +AVps) for0 <(Vgs “Vio) Vs
BMVps[2(Vas —Vio) ~Vps] (1 +AVps) for 0 <Vps <(Vos —Vio)

Reverse characteristics (Vpg < 0):

0 for Vs —Vio) <0
I = =BNVes ~Vio) (L +AVys) for 0 <(Vgs ~Vio) <Vps
BNVps[2(Vgs =Vio) =Vips] (1 +AVps) for 0 <Vpg <(Vgs —Vio)
where
Vgs =  gate-source voltage, in volts
Vps =  drain-source voltage, in volts
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Vebp =  gate-drain voltage, in volts
Vesefy =  gate-source cutoff voltage, in volts
Ig = saturation current for the gate-drain and gate-source diode junctions
Ip = drain-to-source current, in amperes
Ipss = drain-to-source saturation current, in amperes
Y4 = |pss = transconductance parameter in ANV2
[VGS(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 [isnot to be confused with gy, the AC small-signal gain mentioned later in this
chapter.

The charge storage occurring in the two gate junctionsis modeled by the diode time-domain
model described in the Diodes Parts Bin chapter.

The diodes used to model the JFETSs are represented by their small-signal models.

dio
m = | oP
dVes
dio
Oos = | op
dVbs
dles
Oes = | op
dVes
dlep
QoD = | oP
dVep
where
Om = AC small-signal gain
Ops = small-signal forward admittance or transconductance

ggsand ggp are normally very small because the diode junctions are not forward-biased.
Igsand | gp 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 \

BETA Transconductance 0.0001 1le-03 ANV
coefficient

LAMBDA Channel-length modulation 0 le-04 1V?

RD Drain ohmic resistance 0 w

RS Source ohmic resistance 0 W

IS Gate-junction saturation le-14 le-14 A
current

Cgd Zero-bias gate-drain junction | 0 le-12 F
capacitance

Cgs Zero-bias gate-source 0 5e-12 F
junction capacitance

PB Gate-junction potential 1 \%

B Doping tail parameter 1 -

KF Flicker noise coefficient 0 -

AF Flicker noise exponent 1 -

FC Coefficient for forward-bias 5 -
depletion capacitance
formula

TNOM Parameter measurement 27 °C
temperature

rp = rg= 10% to 15% of the on-state drain-to-source resistance, Rpgon)-

4-20
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4.10 Power MOSFET (N/P)

ai
ZHTO0ZLTY

The double-diffused or DMOS transistor is an example of a power MOSFET. Thisdeviceis
fabricated on alightly 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, Vg, greater than the
threshold voltage V;, which induces alateral n 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
ashigh as50 A ispossible.

Power MOSFETSs have threshold voltagesin the range of 2to 4 V. In comparison with BJTS,
power MOSFETSs 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 MOSFETSs suited to switching applications, such asin motor-
control circuits.

4.11 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 pulsesin 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.

4.12 N-Channel & P-Channel GaAsFET

a1
GaAsFET_N_IDEAL
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This component is a high-speed field-effect transistor that uses gallium arsenide (GaAs) asthe
semiconductor material rather than silicon. It is generally used as a very high frequency
amplifier (into the gigahertz range). A GaAsFET consists of alength 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.

where

gs

Vds

V1o

4-22

0 for V=V <0

AL+ OV (Vi Vil

i),
1+ B0V~ Vo

for Vs = V55 20

gate-source voltage
drain-source voltage

threshold voltage; equivalent to the gate-
source cutoff voltage

saturation voltage
transconductance
channel-length modulation

drain to source current
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4.12.2 GaAsFET Parameters and Defaults

4.13

Symbol Parameter name Default Unit
VTO Pinch-off voltage -2 \%
BETA Transconductance 0.0001 AlV?
B Doping tail extending parameter 0.3 1w
ALPHA Saturation voltage 2 v
LAMBDA Channel-length modulation 0 v
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

IGBT

a1
2ZNEITS

ThelGBT isan MOS gate-controlled power switch with avery low on-resistance. It issimilar
in structure to the MOS-gated thyristor, but maintains gate control of the anode current over a
wide range of operating conditions.

Thelow on-resistance feature of the IGBT is due to conductivity modulation of the n epitaxial
layer grown on ap* substrate. The on-resistance values have been reduced by afactor of
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about 10 compared with those of conventional n-channel power MOSFETSs of similar size and
voltage capability.

Changes to the epitaxial structure and the addition of recombination centers are responsible
for thereduction in the fall time and an increase in the latching current level of the IGBT. Fall
times as low as 0.1pus and latching currents as high as 50A can be achieved, while retaining
on-resistance values <0.2Q for a0.09cm? chi p area.

4.14 Unijunction Transistors

@1
2NETLTY

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

5.1 Opamp

5.1.1 Opamp Model Parameters

Anideal operational amplifier (Opamp) isan 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 asingle input and single output, a differential input and single output, or
adifferential input and differential output.

5.1.2 Ideal Opamp Model

Theideal opamp model isthe fastest to ssimulate. 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 isinfinite. Thisisnot possible in the typical opamp, but it will be in the order
of 120 dB.
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» frequency response
The frequency response of an opamp is finite and its gain decreases with frequency. For
stability, a dominant pole isintentionally 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
compensated Opamps, the -3 dB corner frequency can be changed by adding an external
capacitor.

* unity-gain bandwidth
Thisisthe frequency at which the gain of the opamp is equal to 1. Thisisthe highest
frequency at which the opamp can be used, typically as a unity gain buffer.

e common mode rejection ratio (CCMR)
Thisisthe ability of an opamp to reject or to not amplify asignal that is applied to both its
input pins expressed as aratio (in dBs) of its common mode gain to its open loop gain.

» dewrate

Thisisthe rate of change of output voltage expressed in volts per microsecond.

5.1.3 Opamp: Background Information

5-2

The operational amplifier is ahigh-gain block based upon the principle of adifferential
amplifier. It is common to applications dealing with very small input signals.

The open-loop voltage gain (A) istypically very large (10et+5 to 10e+6). If adifferentia input
isapplied acrossthe “+” 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 therails, which vary typically from 5V 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 avery small output
resistance (Ro). Large input resistance isimportant so that the opamp does not place aload 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.
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5.1.4 Opamp: Simulation Models

Opamps are provided with several levels of simulation models of increasing complexity and
accuracy. The following model levels are used to distinguish between the various models:

e L1-thisisthe simplest model with the opamp modeled as again block with a differential
input and a single ended output.

e L2-thisisamore complex model in which the supply voltages are included in the
simulation.

e L3-thisisa model of increasing complexity where additional control pins are supported.

e L4 -thisisthe most complex and accurate model with amajority of the external control
pins model ed.

5.1.4.1 L1 Simulation Model

Thisisthe simplest simulation model and is equivalent to the Three Terminal Opamp model
of EWB Version 5. Thismodel is an idealized differential input, single output model that
models only the first order characteristics of the opamp.

The modeled opamp parameters are:

e openloopgan

e input resistance

e output resistance

e dewrate

e unity-gain bandwidth

* input bias current

* input offset current

The opamp is modeled by distributing the open-loop voltage gain, A, 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.

The same model is used for DC, time-domain and AC analyses.

los

IBL = lBiIAs +—
los
Ig2 = lBiAs ——
Al Ving
l1=
A= A"

Multisim 8 Component Reference Guide 5-3



Analog Components

where
A = open-loop voltage gain of the first stage
Rin = input resistance, in ohm
Isias = input bias current, in amperes
los = input offset current, in amperes
Ri=1kQ
fu
P1L=—
A
1
Ci=——
2R fea

The slew rate limits the rate of change of 1, to model the rate of change of output voltage.
_ AdVn,

Iy
R,

- 3
A=A
R, = Rour
where
Rout = output resistance

A third stageisintroduced by specifying the location of the second pole:

CZ :;
2RO,
R, =1kQ
R; = Royr
_ APDY,

I 3
R,
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where

SR

unity-gain bandwidth in hertz; i.e., the
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.

5.1.4.2 L2 Simulation Model

Thisisamore complex simulation model and is equivalent to the Five Terminal Opamp
model of EWB Version 5 The base L2 model isadifferentia input, single output model based
on the Boyle-Cohn-Pederson macro model, which includes the supply voltage connections.
Thismodel 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:

e openloop gain
e input resistance
e output resistance

* dew rate

e unity-gain bandwidth

» common mode rejection (CCMR)
* input bias current

* input offset current

* input bias current

e input offset voltage

e input biasvoltage

e output voltage swing

e output current limiting
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5-6

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.

_ RICc
lci=
2
Ce: 2|:|IC RClz;
R 21fldCc
lg1= |bs+E
2
="
IB1
po=
Is2
|EE((ﬂ1+1) +('82+1)j c1
B B
RE:@
lee

Assume lg = 1e.46

Vos
Is2 = Is{l +mj

Ci= %tan A

The interstage provides the DM and CM gains and consists of voltage-controlled current
sources g, g, and g, and resistors, Ry, and R, The dominant time constant of the opamp is
provided by theinternal feed-back capacitor, ¢, In some opamps, the two nodes of ¢, are made
availableto the outside world for external compensation. The output stage modelsDC 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.
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Interstage:
g = Ic
" 002585
Rel = & RCl —i
L+ G242 Om
o
Rc1
o= ARc
100€’Ro2
Gcm = Ga
Curr

Output stage:

- Ru
Ru="3
ROZZRout_Rm

[, =2*1.0, — I«

lo =1, exp['R)l*ISC]

0025
R, = 0025, 1,
100, g
o -t
Re

Ve =Voe Ve V4 01,1
D

: !
Ve =V -Vay +Vi 0, <

Note In addition to the base L2 simulation model, other models of this complexity or level
are supplied by the various manufacturers for their particular opamps.
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5.2

5.2.1

5.2.2

5-8

5.1.4.3 L3 Simulation Model

Thisisamore complex simulation model that is equivalent to the Seven Terminal Opamp
models of EWB Version 5. This model is supplied by the various manufacturers for the more
complex Opamps that have additional pins to support functions such as external
compensation and output offset balance controls.

Each model is unique asit was devel oped by the individual companies to support their
products. Therefore, a general description of each model is not possible.

5.1.4.4 L4 Simulation Model

Thisis generally the most complex opamp simulation model and is equivalent to the Nine
Terminal Opamp model of EWB Version 5. Models are supplied by the various manufacturers
for the more complex Opamps that 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.

Norton Opamp

. Lr12E00AN

The Component
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
voltageis proportional to the input current.

Norton Opamp: Simulation models

The same levels of simulation model as the opamps are provided with severa levels of
simulation models of increasing complexity and accuracy.

The following model levels are used to distinguish between these models:
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e L1 -thisisthe simplest model with the opamp modeled as a gain block with a differential
input and a single ended output.

e L2-thisisamore complex model in which the supply voltages are included in the
simulation.

« L3-thisisamodd of increasing complexity where additional control pins are supported.

e L4 -thisisthe most complex and accurate model with a majority of the external control
pins modeled.

5.3 Comparator

N+

HA1T3323
Y

5.3.1 The Component

This component models the high-level behavior of a comparator. A comparator isan I1C
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
component models conversion speed, quantization error, offset error and output current
limitation.

A comparator isacircuit 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 | Cs such as the LM 339.

The comparator compares a reference voltage, fixed or variable, with an input waveform.

If theinput 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 sightly less than) the reference voltage the output will be at its
lowest limit (near the negative supply) and when theinput is equal to (or dightly greater than)
the reference voltage the output will change to its highest value (near the positive supply).
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If the inverting and non-inverting terminals are reversed (upper circuit) the comparator will
operate in the inverting mode.

5.3.2 Comparator: Simulation models

The same levels of simulation model as the opamps are provided with severa levels of
simulation models of increasing complexity and accuracy.

The following model levels are used to distinguish between these models:

e L1 -thisisthe simplest model with the opamp modeled as a gain block with adifferential
input and a single ended output.

e L2-thisisamore complex model in which the supply voltages are included in the
simulation.

e L3-thisisamodel of increasing complexity where additional control pins are supported.

* L4 -thisisthe most complex and accurate model with amagjority of the external control
pins model ed.
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5.3.3 Comparator Parameters and Defaults

Symbol Parameter name Default Unit
Voffset Input voltage offset 0.7 \%
A Gain 200000 VIV
Voh Output high level 35 \%
Vol Output low level 0.23 \%
Trr Low-to-high response time le-07 S
Trf High-to-low response time 1.5e-07 S
Tr Rise time le-07 S
Tf Fall time 6e-08 S
lcc+ Positive supply current 0.0051 A
Icc- Negative supply current 0.0041 A
Imax+ Maximum positive supply current 0.006 A
Imax- Maximum negative supply current 0.005 A

5.4 Wide Band Amplifier

ADEZ4AD
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5.4.1 The Component

The typical opamp, such as ageneral purpose 741 type opamp, has been internally
compensated for aunity 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.

5.4.2 Wide Band Amplifier: Simulation models

The same levels of simulation model as the opamps are provided with severa levels of
simulation models of increasing complexity and accuracy.

The following model levels are used to distinguish between these models:

o L1-thisisthe simplest model with the opamp modeled as a gain block with a differential
input and a single ended output.

e L2-thisisamorecomplex model in which the supply voltages are included in the
simulation.

» L3-thisisamodel of increasing complexity where additional control pins are supported.

* L4 - thisisthe most complex and accurate model with a mgjority of the external control
pins modeled.

5.5 Special Function

5.5.1 The Component

These are a group of analog devices that are used for the following applications:

* instrumentation amplifier
e video amplifier

o multiplier/divider

» preamplifier

o activefilter

* high precision reference

5-12 Electronics Workbench



Special Function

5.5.2 Special Function: Simulation models

The same levels of simulation model as the opamps are provided with severa levels of
simulation models of increasing complexity and accuracy.

The following model levels are used to distinguish between these models:

e L1-thisisthe simplest model with the opamp modeled as again block with a differential
input and a single ended output.

e L2-thisisamorecomplex model in which the supply voltages are included in the
simulation.

e L3-thisisamodd of increasing complexity where additional control pins are supported.

e L4 -thisisthe most complex and accurate model with amgjority of the external control
pins model ed.
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Chapter 6

TTL

6.1

6.2

Standard TTL

F4000D

The characteristics of the standard TTL series can beillustrated by the 7400 quad NAND gate
IC.

The 74 series uses anomina supply voltage (V) of 5V and can operate reliably over the
range 4.75t0 5.25 V. The voltages applied to any input of a standard 74 series |C must never
exceed +5.5 V. The maximum negative voltage that can be appliedtoa TTL input is-0.5V.

The 74 series | C 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.

Multisim 8 Component Reference Guide 6-1



TTL

6.3

6.4

Circuitsin the 74S series also use smaller resistor values to help improve switching times.
Thisincreases the circuit average power dissipation to about 20 mW. These circuitsalso use a
Darlington pair to provide a shorter output rise time when switching from ON to OFF.

Low-Power Schottky TTL

The low-power Schottky TTL (the 74LS series) islower in power and slower in speed than
the 74S series. It uses the Schottky-clamped transistor, but with larger resistor values than the

74S series. The larger resistor values reduce the power requirements of the circuit, but
increase the switching times.

A NAND gateinthe 74L S seriestypically has an average propagation delay of 9.5 nsand an
average power dissipation of 2 mW.

14XX

6.4.1 74xx00 (Quad 2-In NAND)

6-2

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+E

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:
¥ =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:

>
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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:
¥ =B

BUFFER gatetruth table:

A Y

0 0
1 1

6.4.9 74xx08 (Quad 2-In AND)

This device contains four independent 2-input AND gates.
Logic function:
¥ = AB
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AND gate truth table:

6.4.10 74xx09 (Quad 2-In AND (OCQC))

This device contains four independent 2-input AND gates. For correct performance, the open
collector outputs require pull-up resistors.

Logic function:;
¥ = 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

P OROROR O >
PR OOR R OO W
R R R RPROOOO O
OFR P PP P PP <

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 |06 a
o1 o 1
11 |t o
¥ 0 |oo @0

6.4.13 74xx107 (Dual JK FF(clr))

Thisdeviceis 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:

CLRCLK J K |0 0O
0 X X X [0 1
1. 0 0 |Hold

1 1 0 |1 o
1 o 1 o 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:

PRECLR CLK J K [0 Q
0 1 X X X ]I o0
1 0 X X X lo 1
0 0 X X X |1 1
I o 0 Jo 1
1 1 1 0 Toggle
101 0 1 |Hold

11 . 1 1 |1 o
1 1 0 X X |Hold

=  positive edge-triggered

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:

P ORrORrRORrR O >
PP OORrRRPROO W
PP PP OOOO O
- OO0 O0OOoOo o o <
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6.4.16 74xx112 (Dual JK FF(-edge, pre, clr))

This device contains two independent J-K negative edge-triggered flip-flops.
JK flip-flop truth table;

PRE CLR CLK J K [Q@ Q
0 1 X X X |1 0
1 0 X X X |o 1
0 0 X X X |1 1
1 1 g 0 0 Hold
1 1 g 1 0 1 0
1 1 QDee 0 1 0 1
geee
geee
1 1 a 1 1 Toggle
1 1 0 X X |Hold

@ = negative edge-triggered

Multisim 8 Component Reference Guide 6-9



TTL

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:

PRE CLK J K Q Q
0 X X X 1 0
1 0 0 Hold
1 eéee 1 0 1 0

eese

eeee

eeee

eese

eeee

eeee

eese

eeee

eeee
1 0 1 0 1
1 1 1 Toggle
1 1 X X Hold
@ = negative edge-triggered

6.4.18 74xx114 (Dual JK FF (-edge, pre, com clk & clr))

This device contains two independent J-K negative edge-triggered flip-flops.

6-10

JK flip-flop truth table:

PRE CLR CLK J K Q Q
0 0 X X X 1 0
1 0 X X X 0 1
0 0 X X X 1 1
1 1 (] 0 0 Hold

1 1 (0] 1 0 1 0
1 1 (/] 0 1 0 1
1 1 1%} 1 1 Toggle

1 1 1 X X Hold

@ = negative edge-triggered
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6.4.19 74xx116 (Dual 4-bit latches (clr))

This device contains two independent 4-bit latches. Each 4-hbit latch has an independent
asynchronous clear input and a gated two-input enable circuit.

4-hit latch truth table:

INPUTS
OUTPUT
ENABLE
CLR [C1 C2 |DATA|Q
1 0 0 0 0
1 0 0 1 1
1 X 1 X Hold
1 1 X X Hold
0 X X X 0

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:

P ORrORrRORr O >
PP OORrRPOO T
PP PP OOCOO O

O PR PP PR <
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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 |v

1 0 0

0 0 1

X 1 z

Z = high impedance

The output of the bus buffer is disabled when G is high.

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 z
V4 = high impedance

The output of the bus buffer is disabled when G islow.

6.4.23 74xx13 (Dual 4-In NAND (Schmitt))

Thisdeviceisadual 4-input Schmitt-triggered NAND gate.

6-12 Electronics Workbench



74xXX

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

NAND gate truth table
INPUTS A THRU M ‘Y

All inputs 1 0
One or more inputs 0

6.4.26 74xx134 (12-In NAND w/3-state Out)

12-1nput NAND with 3-state outputs:

INPUTS A THRU L |OC Y
All inputs 1 0 0
One or more inputs 0 0 1
Don't care 1 4
Z = highimpedance (off)
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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

PP OORrR PR OO >
PO rORrRORrRO T

B R, R PR OOOO O
~ooOoOPFrP OPRFR P O <

6.4.28 74xx136 (Quad 2-in Exc-OR gate)

This device is aquadruple 2-input exclusive-OR gate with open-collector outputs.

Exclusive-OR gate truth table:
INPUTS  [OUTPUT
A B |Y
0 0 |0
o 1 |1
1 0 |1
1 1 |o

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.

6-14
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3-to-8 decoder/demultiplexer truth table:

SELECT
GL G1I G2 |[c B A YO YL 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
others 1

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

A YO Y1 Y2 Y3

o oo o R Q|
Rk O o X m
O R o X
[
R RO R R
R O R kR
[= T N

6.4.31 74xx14 (Hex INVERTER (Schmitt))

A key feature of thisintegrated circuit isits high noise immunity. Due the to the Schmitt-
trigger action, thisdevice isideal for circuits that are susceptible to unwanted small signals,
such as noise.
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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.

BCD to decimal decoder/driver truth table:

INPUTS OUTPUTS

z
°
o

© o ~NOoO O wWNEFEQ

mF PP PPRRRPRRPR,OOOOOOO O
R PR RPROOOCORRREROOOO 0O
RrRrOORROORROORR OO @
roOoORroORrRORORORORORO >
PR RPPRPPRRRREPREPRREPRPRRLP O O
PR RRPRRERRPRRRRRROR R
PR RRPRRERRRRERRRRORRN
PR RRPRRERRPRRRIRORPR R
PR RRPRRERRRRRORRRER AN
PR RRPRRERRPRRORRRRLR O
PR RrRRPRRERRRORRRRRR O
PR RRPRRERRORRRRRRR N
PR RRPRRERRORRRRRRRR ©
PR RrRRPRRPRORRRRRRRPRR O

INVALID
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6.4.33 74xx147 (10-to-4 Priority Enc)

This TTL encoder features priority decoding of the inputsto ensure that only the highest-
order dataline is encoded. It encodes nine data lines to four-line (8-4-2-1) BCD.

10l-line to 4-line priority encoder truth table:

INPUTS OUTPUTS

1 2 3 4 5 6 7 8 9 D Cc B A
1 1 1 1 1 1 1 1 1 1 1 1 1
X X X X X X X X 0 0 1 1 0
X X X X X X X 0 1 0 1 1 1
X X X X X X 0 1 1 1 0 0 0
X X X X X 0 1 1 1 1 0 0 1
X X X X 0 1 1 1 1 1 0 1 0
X X X 0 1 1 1 1 1 1 0 1 1
X X 0 1 1 1 1 1 1 1 1 0 0
X 0 1 1 1 1 1 1 1 1 1 0 1
0 1 1 1 1 1 1 1 1 1 1 1 0

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 datalineis 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 Al 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
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6.4.35 74xx15 (3 3-Input AND)

Logic function:
Y = ABC

AND gate truth table:

X X O P >
X © X Pl W
O X X P O
o O O

6.4.36 74xx150 (1-of-16 Data Sel/MUX)

This device can select one of sixteen data sources when a4-bit binary number is applied to the
inputs. It is equipped with one enable input and a complementary output.

Truth table:
INPUTS OUTPUTS
D ¢ B A |G |w
X X X X |1 1
0 0 0 0 0 |EO
0 0 0 1 0 |E1
0 0 1 0 0 E2
0 0 1 1 0 |E3
0 1 0 0 0 E4
0 1 0 1 0 |E5
0 1 1 0 0 |E6
0 1 1 1 0o |E7
1 0 0 0 0 |E8
1 0 0 1 0 |E9
1 0 1 0 0 E10
1 0 1 1 0 |E1ll
1 1 0 0 0 |E12
1 1 0 1 0 |E13
1 1 1 0 0 |E14
1 1 1 1 1 |E15
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6.4.37 74xx151 (1-of-8 Data Sel/MUX)

This data sel ector/multiplexer contains full on-chip binary decoding to select the desired data
source. It selects one of eight data sources and is equipped with one enable input and two
complementary outputs.

Data selector/multiplexer truth table:

SELECT STROBE|OUTPUTS
c B A |G Y w
X X X |1 0 1
0 0 0 0 DO DO
0 0 1 0 D1 D1
0 1 0 0 D2 D2
0 1 1 0 D3 D3
1 0 0 0 D4 D4
1 0 1 0 D5 D5
1 1 0 0 D6 D6
1 1 1 0 D7 D7

6.4.38 74xx152 (Data Sel/MUX)

This data selector/multiplexer contains full on-chip binary decoding to select one-of-eight

data sources.

Data selector/multiplexer truth table:

SELECT INPUTS |[OUTPUT
cC B A |w
0 o0 0 |Do
0 o0 1 |D1
0 1 o |D2
0 1 1 |D3
1 0 0 D4
1 0 1 D5
1 1 0 |D6
1 1 1 |D7

Multisim 8 Component Reference Guide
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6.4.39 74xx153 (Dual 4-to-1 Data Sel/MUX)

This data selector/multiplexor contains inverters and driversto supply fully complementary,
on-chip, binary decoding data selection to the AND-OR gates. Separate strobe inputs are
provided for each of the two four-line sections.

Data sel ector/multiplexer truth table:

SELECT |DATA INPUTS STROBE|OUTPUTS

>
(@]
=}
(@]
[
O
N
O
W

PR, P PROOOOX W
PR, OORPEFR OO X
X X X X X X P O X
X X X X P O X X X
X X P O X X X X X
P O X X X X X X X
SO Oo oo oo o F ol
P oOPRPrOFR OPF OO <

6.4.40 74xx154 (4-t0-16 Dec/DEMUX)

This 4-line-to-16-line decoder uses TTL circuitry to decode four binary-coded inputsinto one
of sixteen mutually exclusive outputs when both the strobe inputs are low.
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4-t0-16 decoder/demultiplexer truth table:

OUTPUTS

11 12 13 14 15

10

INPUTS

B

C

Gl G2 |D

6.4.41 74xx155 (Dual 2-to-4 Dec/DEMUX)

This device features adua 1-line-to-4-line demultiplexer with individual strobes and

common binary-address inputs.

Decoder/demultiplexer truth table:

Y1 Y2 Y3

YO

STROBE|DATA |OUTPUTS

SELECT

6-21
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6.4.42 74xx156 (Dual 2-to-4 Dec/DEMUX (OC))

6.4.43 74xx157 (Quad 2-to-1 Data Sel/MUX)

6-22

This device contains two 2-to-4 decoders/demultiplexers.

Decoder/demultiplexer truth table:

SELECT |STROBE |DATA |OUTPUTS
A B |G C YO YL Y2 V3
X X |1 X 1 1 1 1
o o |o 1 o 1 1 1
o 1 |o 1 1 0 1 1
1 0o o 1 1 1 0 1
1 1 o 1 1 1 1 o0
X X |x 0 101 1 1

This device contains inverters and drivers to supply full on-chip data selection to the four
output gates. It presents true data.

A 4-bit word is selected from one of two sources and is routed to the four outputs.

Data sel ector/multiplexer truth table:

STROBE|SELECT OUTPUTS
G A/B A B |Y
1 X X X |0
0 0 0o X |o
0 0 1 x 1
0 1 X 0 |o
0 1 X 1 |1
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6.4.44 74xx158 (Quad 2-to-1 Data Sel/MUX)

This device containsinverters and drivers to supply full on-chip data selection to the four
output gates. It presents inverted data to minimize propagation delay time.

A 4-bit word is selected from one of two sources and is routed to the four outputs.
Data selector/multiplexer truth table:

STROBE |SELECT OUTPUT
G A/B A B |y
1 X X X |1
0 0 0o x |1
0 0 1 x o
0 1 X 0 |1
0 1 X 1 o

6.4.45 74xx159 (4-t0-16 Dec/DEMUX (OC))

This 4-line-to-16-line decoder uses TTL circuitry to decode four binary-coded inputsinto one
of sixteen mutually exclusive open-collector outputs when both the strobe inputs are low.

The demultiplexing function is performed by using the 4 input lines to address the output line,
passing data from one of the strobe inputs with the other strobe input low.
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Decoder/demultiplexer truth table:

OUTPUTS

13 14 15

12

9 10 11

8

1
1
1

INPUTS

B

X X X X
X X X X
X X X X

Gl G2 b C

1
0
1

6.4.46 74xx16 (Hex INVERTER (OC))

Thisdevice contains six inverters. For correct performance, the open collector outputs require

pull-up resistors.
Logic function:

A

Y =

INVERTER gate truth table:

<

—

o

Electronics Workbench
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6.4.47 74xx160 (Sync 4-bit Decade Counter (clr))

This synchronous, presettable decade counter features an internal carry look-ahead for fast

counting.
Decade counter truth table:

INPUTS OUTPUTS

- — OPERATING MODE

MR CP CEP CET PE DN QN TC

0 X X X X X 0 0 Reset (clear)

1 X X | | 0 0

1 X X I h 1 (1) Parallel load

1 . h h h X count (1) Count

1 X | X h X dn (1) Hold (do nothing)

1 X X | h X dn 0

1 = High voltage level

h = High voltage level one setup prior to the low-to-high clock transition
0 = Low voltage level

| = Low voltage level one setup prior to the low-to-high clock transition
dn = Lower case letters indicate the state of the referenced output prior

to the low-to-high clock transition
X = Don't care
= Low-to-high clock transition

(2) = The TC output is High when CET is High and the counter is at

Terminal Count (HLLH)

6.4.48 74xx161 (Sync 4-bit Bin Counter)

This synchronous, presettable binary counter features an internal carry look-ahead for fast

counting.

Multisim 8 Component Reference Guide
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4-bit bin counter truth table:

INPUTS OUTPUTS OPERATING

MR CP CEP CET PE DN QN TCc MODE

0 X X X X X 0 0 Reset (clear)

1 X X | | 0 0

1 X X | h 1 (1) Parallel load

1 h h h X coun (1) Count

t

1 X | X h X g, (1) Hold (do

1 X | h X g, O nothing)

1 = High voltage level

h = High voltage level one setup prior to the low-to-high clock transition

0 = Low voltage level

| = Low voltage level one setup prior to the low-to-high clock transition

dn = Lower case letters indicate the state of the referenced output prior to the
low-to-high clock transition

X = Don't care

. = Low-to-high clock transition

1) = The TC output is High when CET is High and the counter is at Terminal
Count (HHHH)

6.4.49 74xx162 (Sync 4-bit Decade Counter)

This synchronous, presettable decade counter features an internal carry look-ahead for fast
counting.
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Decade counter truth table:
INPUTS OUTPUTS  pERATING
SR CP CEP CET PE DN QN TCc MODE
| X X X X 0 0 Reset (clear)
h X X | | 0 0
h X X | h 1 (2) Parallel load
h h h h X coun (2) Count
t
h X | X h dn (2) Hold (do nothing)
h X X | h X gy O
1 = High voltage level
h = High voltage level one setup prior to the low-to-high clock transition
0 = Low voltage level
| = Low voltage level one setup prior to the low-to-high clock transition
dn = Lower case letters indicate the state of the referenced output prior to the
low-to-high clock transition
X = Don't care

@

Low-to-high clock transition
The TC output is High when CET is High and the counter is at Terminal
Count (HLLH)

6.4.50 74xx163 (Sync 4-bit Binary Counter)

This synchronous, presettable, 4-bit binary counter features an internal carry look-ahead for
fast counting.
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6.4.51 74xx164 (8-bit Parallel-Out Serial Shift Reg)

This 8-bit shift register has gated seria inputs and an asynchronous clear.

Shift register truth table:

Clear |Clk |A B QA QB QH
0 X [X X [0 0 o0

1 0 [X X |QA0 QBO QHO
1 . 1 1 |1  QAn QGn
1 0 X |0 QAn QGn
1 X 0 |0 QAn QGn

QAO, QBO,

QHO

QAnN, QGn

positive edge-triggered

the level of QA, QB, QH respectively before the indicated steady
state input conditions were established

the level of QA or QG before the most recent positive transition of
the clock; indicates one-bit shift.

6.4.52 74xx165 (Parallel-load 8-bit Shift ReQ)

This serial shift-register shifts the datain the direction of QA toward QH when clocked. To
load the data at the 8-inputsinto the device, apply alow level at the shift/load input. This
register is equipped with a complementary output at the eighth bit.

6-28

Shift register truth table:
INTERNAL

INPUTS o/P OUTPUTS

PARALLEL —
SHIFT/ \o k INH - |cLK |SERIAL QA QB |QH
LOAD A B COD
0 X X X a b c d a b h
1 0 0o X X X X X |QA0 QBO |QHO
1 0 : 1 X X X X |1 QAn|QGn
1 0 : 0 X X X X [0 QAn|QGn
1 1 X X X X X X |QA0 QBO |QHO

a,b,c,d

transition from low to high
the level of steady state input at A, B, C, or D respectively
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6.4.53 74xx166 (Parallel-load 8-bit Shift Reg)

This shift-register isaparalel-in or seria-in, serial out device. It shiftsthe datain the
direction of QA toward QH when clocked. It features an active-low clear input. To load the
data at the 8-inputs into the device, apply alow level at the shift/load input.

Shift register truth table:
INPUTS INTERNAL OUTPUTS
opP

cir SYFT i ok seriaL o TARHEL QA QB OQH
LOAD A through H

0 X X X X X X X X 0 0 o0

1 X 0 0 X X X X X QA0 QBO QHO

1 0 0 X ATOH a b 1

11 0 1 X X X X 1 QAn QGn

1 1 0 0 X X X X 0 QAn QGn

1 X 1 X X X X X QA0 QBO QHO

a,b,c,d

transition from low to high
the level of steady state input at A, B, C, or D respectively

6.4.54 74xx169 (Sync 4-bit up/down Binary Counter)

This synchronous presettable 4-bit binary counter has an internal carry look-ahead for

cascading in high speed counting applications.

Up/down counter truth table:

ENP ENT [D/U |CLK [LOAD|]A B C D |QA QB QC QD RCO
0 0 X X 0 X X X X A B C D 1*

0 0 1 1 X X X X Count Down 1*

0 0 0 . 1 X X X X Count Up 1*

1 X X X X X X X X Qa0 Qb0 QcO Qdo 1*

X 1 X X X X X X X Qa0 Qb0 QcO Qdo 1*
1* = during the UP count RCO goes LOW at count 15.

during the DOWN count RCO goes LOW at count 0.
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6.4.55 74xx17 (Hex BUFFER (OC))

This device contains six independent BUFFER/Drivers. For correct performance, the open
collector outputs require pull-up resistors.

BUFFER gate truth table:
A Y
0 0
1 1

6.4.56 74xx173 (4-bit D-type Reg w/3-state Out)

D-type register truth table:

DATA
ENpBLE |PATA [OUTPUT

CLEAR|CLK |G1 G2 |D Q

T X X X |X 0

0 0 |x x |x Qo0

0 : 1 X |x Qo0

0 X 1 |x Qo0

0 o o |o 0

0 o o |1 1

6.4.57 74xx174 (Hex D-type FF (clr))

D-type flip-flop truth table:

LEA CLK

C

R

0 X
1 .
1

1

O o r o o
,O|I—\OH O
(@]

X O P X O
o
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6.4.58 74xx175 (Quad D-type FF (clr))

D-type flip-flop truth table:

CLEA ClK Ip 0 0
R

0 X X [0 1

1 1 1 o0

1 : o [0 1

1 0 |X |Q0 QO

6.4.59 74xx180 (9-bit Odd/even Par GEN)

This 9-bit (8 data bits plus 1 parity hit) parity generator/checker features odd/even outputs and
control inputs to facilitate operation in either odd- or even-parity applications.

Parity generator/checker truth table:

INPUTS OUTPUTS
S OF H's AT A S S
THRU H EVEN ODD EVEN ODD
Even 1 0 1 0
odd 1 0 o0 1
Even 0 1 0 1
Odd o 11 0

X 1 1 0 0

X 0 0o 1 1
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6.4.60 74xx181 (Alu/Function Generator)

6-32

AL U/function generator truth table:

ACTIVE - LOW DATA

SELECTION M=H M=L; ARITHMETIC OPERATIONS
LOGIC Cn=L Cn=H
S3 S2 S1 SO
FUNCTIONS|(NO CARRY) (WITH CARRY)
0 0 0 o0 |F=A F= AMINUS 1 F=A
0 0 o0 1 F= AB F= AB MINUS 1 F= AB
0 0 1 0 F= A+B F= AB MINUS 1 F= AB
0 0 1 1 F=1 F= MINUS 1(2's comp) F= Zero
0 1 0 0 F=A+B F= APLUS (A+B) F= A PLUS(A+B) Plus 1
0o 1 o0 1 F=B F= AB PLUS(A+B) F= AB PLUS (A+B) PLUS 1
0 1 1 0 |F=A+'B |F=AMINUSBMINUS1 F= A MINUS
0 1 1 1 F= A+B F= A+B F= (A+B)PLUS1
1 0 O0 0 |F=AB F= A PLUS (A+B) F= A PLUS (A+B) PLUS 1
i1 0 0 1 F=A+'B  |F=APLUSB F= A PLUS B PLUS
1 0 1 0 |F=B F= AB PLUS(A+B) F= AB PLUS (A+B) PLUS 1
1 0 1 1 F=A+B F=(A+B) F= (A+B) PLUS 1
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6.4.61 74xx182 (Look-ahead Carry GEN)

The high-speed, look-ahead carry generator can anticipate acarry across four binary adders or
groups of adders. It is cascadable to perform full 1ook-ahead across n-bit adders.

Truth table for G output:

INPUTS OUTPUT
G3 G2 Gl GO P3 P2 Pl |G
0 X X X X X X o
X 0 X X 0 X X o
X X 0 X 0 0 X |0
X X X 0 0 0 o0 |o
All other combinations 1
Truth table for P output:

INPUTS OUTPUT

P3 P2 PL PO |P

0 0 0 0 |0

All other

combinations

Truth table for Cn+x output:

INPUTS OUTPUT
GO PO Cn [Cn+x

0 X X |1

X 0 1 |1

All other

combinations

0

Multisim 8 Component Reference Guide
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6-34

Truth table for Cn+y outpuit:

INPUTS OUTPUT

GL GO Pl PO Cn |Cn+y

0 X X X X 1

X 0 0 X X 1

X X 0 0 1 1

All other

combinations 0

Truth table for Cn+z output:

INPUTS OUTPUT
G2 GL GO P2 P1 PO Cn |Cn+z
0 X X X X X X 1

X 0 X 0 X X X 1

X X 0 0 0 X X 1

X X X 0 0 0 1 1
All other combinations 0

1 = High level
0 = Low level
X = Don’t care
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6.4.62 74xx190 (Sync BCD up/down Counter)

This device is a synchronous, BCD, reversible up/down counter.

Counter TC and RC truth table:
TERMINAL COUNT

INPUTS STATE OUTPUTS
UD CE CP |Q0 Q1 Q2 Q3 [TC RC
1 1 X 1 X X 1 0 1
0 1 X 1 X X 1 1 1
0 0 1 X X 1 1
0 1 X 0 0 0 0 0 1
1 1 X 0 0 0 0 1 1
1 0 0 0 0 0 1
1 = High voltage level
0 = Low voltage level
X = Don't care

= Low pulse
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6.4.63 74xx191 (Sync 4-bit up/down Counter)

This device is a synchronous, 4-bit binary, reversible up/down counter.

Counter TC and RC truth table:

INPUTS

5}
m

TERMINAL COUNT

P O oo )|
OrR R OR R 0O

X O B
wonouon

STATE
CP Q0 Q1 Q2 Q3
X 1T 1 1 1
X 1 1 1 1
1 01 1 1
X o o o o
X o o o o
o0 0 0 o0

High voltage level
Low voltage level
Don't care
Low pulse

OUTPUTS
TC RC
0 1
11

1

0o 1
11

1

6.4.64 74xx192 (Sync BCD Up/down Counter)

This device is a synchronous, BCD, reversible up/down counter.

6-36
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Up/down counter truth table:

INPUTS OUTPUTS OPERATING
MR PL CPU CPD DO DI D2 D3 |Q0 Q1 Q2 Q3 |Tcu Tcp |MODE
1 X X 0 X X X X [0 0 0 0 |1 0 Reset
1 X X 1 X X X X o o 0o o0 |1 1
0 0 X 0 0 0 0 o0 [0 0 0 o0 |1 0 Parallel load
0 0 X 1 0o 0 o0 o 0 o o0 o0 |1 1
0 0 o© X 1 X X 1 |Qn=Dn 0 1
0o 0 1 X 1 X X 1 |Qn=Dn 1 1
0 1 . 1 X X X X Count up 1+ 1 Count up
0 1 1 X X X X Count down 1 14 Count down
. = transition from low to high
1t = TCuU=CPU at terminal count up (HLLH)
12 = TCD=CPD at terminal count down (LLLL)
6.4.65 74xx193 (Sync 4-bit Bin Up/down Counter)
This deviceis a synchronous, 4-bit binary, reversible up/down counter.
Up/down counter truth table:
INPUTS OUTPUTS OPERATING
MR PL CPU CPD DO DI D2 D3 |Q0 QL Q2 Q3 |Tcu Tcp |MODE
1 X X 0 X X X X [0 0 o0 o0 |1 0 Reset
1 X X 1 X X X X o o 0 o |1 1
0 0 X 0 0 0 ©0 0 [0 0 o0 0 |1 0
0 0 X 1 0o 0 0 o0 |0 o o0 o0 |n 1 Parallel load
0 0 O X 1 1 1 1 1 |1+ 1 1 |o 1
0o 0 1 X i 1 1 1 |1 1 1 1 |1 1
0 1 . 1 X X X X Count up 1t 1 Count up
0 1 1 X X X X Count down 1 1 Count down
. = transition from low to high
1! = TCU=CPU at terminal count up (HHHH)
12 = TCD=CPD at terminal count down (LLLL)
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6.4.66 74xx194 (4-bit Bidirect Univ. Shift Reg)

This bidirectional shift register has parallel-inputs, parallel outputs, right-shift and left-shift
seria inputs, operating-mode-control inputs, and a direct overriding clear line.

Shift register truth table:
MODE SERIAL PARALLEL OUTPUTS

CLEAR|S1 SO |[CLK [LEFT RIGHT |A B Cc D QA QB QC QD
0 X X X X X X X X X 0 0 0 0

1 X X 0 X X X X X X QA0 QBO QCO QDO
1 1 1 . X X a b c d a b c d

1 0 1 X 1 X X X X 1 QAn QBn QCn
1 0 1 X 0 X X X X 0 QAn QBn QCn
1 1 0 1 X X X X X QBn QCn QDn 1

1 1 0 - 0 X X X X X QBn QCn QDn 0

1 0 0 X X X X X X X QA0 QBO QCO QDO
. = transition from low to high

a, b,cd = the level of steady state input at inputs A, B, C, or D respectively

QAO0, QB0,QCO, = the level of QA, QB, QC, or QD, respectively, before the indicated steady state

QDO input conditions were established
QAnN, QBn, QCn, the level of QA, QB, QC, or QD before the most recent negative transition of
QDn the clock

6.4.67 74xx195 (4-bit Parallel-Access Shift Reg)

This 4-bit register has parallel inputs, parallel outputs, J-x serial inputs, shift/load control
input, and a direct overriding clear.
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Shift register truth table:
SERIAL PARALLEL OUTPUTS

SHIFT/ - —
CLEAR |’0ip [CLK |3 K A B C D QAN QOB QC QD QD
0 X X X X X X X X |0 0 0 0 1
1 0 X X a b ¢ d Ja b c d d
1 1 o X X X X X X |QAD QBO QCO QDO QDO
1 1 0 1 X X X X |QA0 QA0 QBn QCn QCn
1 1 0 0 X X X X |o QAn  QBn QCn QCn
1 1 1 1 X X X X 1 QAN QBn QCn QCn
1 1 1 0 X X X X |0An QAn OQBn QCn QCn

a, b, cd
QA0, QBO, QCO,

QDO

QAn, QBn, QCn

transition from low to high

the level of steady state input at inputs A, B, C, or D respectively

the level of QA, QB, QC, or QD, respectively, before the indicated steady state

input conditions were established

the level of QA, QB, QC before the most recent negative transition of the clock

6.4.68 74xx198 (8-bit Shift Reg (shl/shr ctrl))

This bidirectional register has parallel inputs, parallel outputs, right-shift and | eft-shift serial

inputs, operating-mode-control inputs, and a direct overriding clear line.

Shift register truth table;

MODE SERIAL PARALLEL OUTPUTS
CLEAR|S1 SO |CLK |LEFT RIGHT |A ... h QA QB..QG OQH
0 X X X X X X 0 0 0 0
1 X X |0 |x X X QA0 QBO QGO QHO
1 1 1 X X a...h a b g h
1 0o 1 X 1 X 1 QAn QFn QGn
1 0 1 X 0 X 0 QAn QFn QGn
1 1 0 1 X X QOBn QCn QHn 1
1 1 0 . 0 X X QBn QCn QHn 1
1 0o o0 |X [x X X QA0 QBO QGO QHO
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a..h

QAO0, QBO, QGO,
QHO

QAnN, QBn, etc.

transition from low to high

the level of steady state input at inputs A through H respectively

the level of QA, QB, QG, or QH, respectively, before the indicated steady state
input conditions were established

the level of QA, QB etc., respectively, before the most recent negative
transition of the clock

6.4.69 74xx199 (8-bit Shift Reg (sh/ld ctrl))

This device contains an 8-hit shift register with shift/load control.

Shift register truth table:
MODE SERIAL
PARALLEL |OUTPUTS
QB..Q

CLEAR S/L CLKINH CLK J K A.H A & QH
0 X X X X X X 0 0 0

1 X 0 0 X X X QA0 QBO QHO
1 0 0 X X a...h a b..g h

1 1 0 0 1 X QA0 QA0 QGn
1 1 0 0 0 X 0 QAn  QGn
1 1 0 1 1 X 1 QCn 1

1 1 0 1 0 X QAn  QAn  QGn
1 X 1 X X X QA0 QBO QHO

a..h

QAO0, QBO, QGO,
QHO

QAnN, QBn, etc.

6-40

transition from low level to high level

the level of steady state input at inputs A through H respectively

the level of QA, QB, QG, or QH, respectively, before the indicated steady state
input conditions were established

the level of QA, QB etc., respectively, before the most recent negative
transition of the clock
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6.4.70 74xx20 (Dual 4-In NAND)

This device contains two independent 4-input NAND gates.
Logic function:
Y = ABCD

NAND gate truth table

X X X O r| >
X X O X Pl m
X O X X Pl O
O X X X r|l O
[T Y Y

6.4.71 74xx21 (Dual 4-In AND)

This device contains two independent 4-input AND gates.
Logic function:
Y = ABCD

AND gate truth table:

X X X © Pl >
X X O X Pl W
X O X X PO
O X X X rl O
O O o o 1 <
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6.4.72 74xx22 (Dual 4-In NAND (OC))

6.4.73 74xx238 (3-t0-8 line Dec/DEMUX)

6-42

This device contains two independent 4-input NAND gates. For correct performance, the
open collector outputs require pull-up resistors.

Logic function:

Y = ABCD

NAND gate truth table:
A B C D |y
1 1 1 1 |0
0 X X X I
X 0 X X |1
X X 0 X |1
X X X 0 1

Thelogic levels at the C B and A inputs select one of the eight lines. G1 is an active-high
enable input while G2A and G2B are active-low enable inputs.

3-t0-8 decoder/demultiplexer truth table;

®
pake

N
>

N
o3}

SELECT

OUTPUTS

<
o

<
=

<
N

<
w

<
IN

<
ai

<
»
<
N

P PP RRP PP PO XX

OO0 oooooolx xr @

Oooooocoolxr X @

P PP POOOoOoOX X X O
P P OOrR PR OO XXX

P O PR OF OFr O X X X >

O O OO0 0o rooo

O O OO oo r oo oo

O O OO0 kr OO0 o oo

O O OOk OO0 OO o o

O O O RrOOoOOoOoOoooo

OO Fr OO0 OO0 OO oo o

O kP OO OO0 OO ooo
P O OO O 00O oo o
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6.4.74 74xx24 (Dual 4-input NAND Schmitt)

Each circuit in this device functions as a NAND gate or inverter. Due to the Schmitt action,
there are different input threshold levels for positive-going and negative-going signals.

6.4.75 74xx240 (Octal BUFFER w/3-state Out)

This device has high fan-out, improved fan-in, and 400-mV noise margin.
Octal BUFFER gate truth table:

o o r| @l
o x| >
o~ N| <

N

= High impedance (off)

6.4.76 74xx241 (Octal BUFFER w/3-state Out)

This device has high fan-out, improved fan-in, and 400-mV noise margin.
Octal BUFFER gate truth table:

INPUTS OUTPUTS
G Al A2 A3 A4 Y1 Y2 Y3 VY4
1 X X X X z z z z
0 X X X X Al A2 A3 A4
z = High impedance (off)
Al, A2... = The level of the respective input

6.4.77 74xx244 (Octal BUFFER w/3-state Out)

This device has high fan-out, improved fan-in, and 400-mV noise margin.
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Octal BUFFER gate truth table:

INPUTS OUTPUTS
8 Al A2 A3 A4 |Y1 Y2 Y3 Y4
1 X X X X Zz Z Z Z
0 X X X X Al A2 A3 A4
Z =  High impedance (off)
Al, A2... =  The level of the respective input

6.4.78 74xx246 (BCD-to-seven segment dec)

The BCD-to-seven-segment decoder/driver features active-low outputs designed for driving
indicators directly. It has full ripple-blanking input/output controls and alamp test inpuit.

BCD-to-seven-segment decoder/driver truth table:

6-44

. |mputs gy |OUTPUTS HOTE
Wi 0 ¢ B & P 3 v ¢ d e f g
T 1 o @ § 0 i ON ON OM 0N oM GN  OFF
1% o oo oo 1 i OFF ON  OM OFF OFF OFF OFF
1% oo 1 o0 i oM CN OFF ON OM  OFF ON
1% oo 1 1 i O ON OM  ON  OFF OFF On
T % o 1§ 0 i OFF ON  OM OFF OFF GH O
1% oo 1 o0 1 i O OFF OM  ON  OFF OH  On
1% o 1 1 o0 i oM OFF OM  ON ON  ON o ON
1% o1 11 OM ON ON OFF OFF OFF OFF |
T % 1 o ©o 0 i oW ON oM 0N oM GN O
1% 1 0 o 1 |1 O OM OM  ON OFF ON  ON
1% 1 0 1 o0 |t OFF OFF OFF ON oM OFF ON
1% 1 0 11 i OFF OFF OM ON OFF OFF On
T % 11§ 0 i OFF ON OFF GOFF OFF GF  On
1% 1 1 0 1| oM OFF OFF ON  OFF ON  ON
1% 11 1 o0 | OFF OFF OFF ON OM ON  ON
1% 1111 OFF OFF OFF OFF OFF OFF OFF
¥ R ® R ¥ R [0 |OFF OFF OFF OFF OFF OFF OFF |2
10 o o 0 0 |0 |OFF OFF OFF OFF OFF OFF OFF |3
I S S OM N OM  ON ON ON o ON |4
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Notes:

1. The blanking input (BI) must be open or held at a high logic level when output
functions 0 through 15 are desired. The ripple-blanking input (RBI) must be open or

high if blanking of adecimal zero is not desired.

2. When alow logic level is applied to the blanking input (BI), all segment outputs are
off regardless of any other input.

3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at alow level with
the lamp test input high, all segment outputs go off and the ripple-blanking output
(RBO) goesto alow level (response condition).

4. When the blanking input/ripple-blanking output (BI/RBO) is open or held high and a
low is applied to the lamp-test input, all segment outputs are on.

6.4.79 74xx247 (BCD-to-seven segment dec)

The BCD -to-seven-segment decoder/driver features active-low outputs designed for driving
indicators directly. It has full ripple-blanking input/output controls and alamp test input.

BCD-to-seven-segment decoder/driver truth table:

DECIMAL
OR
FUHCTION

INPUTS

8

BIf

OQUTPUTS

f

HOTE

o

ON
OFF
OFF
OFF

ON
o
on
OFF

oaf =4 O Ch ff 03 ko —

zz2w

on
OFF
OFF

o s o
th Ja L3 ha

ON
ON
Rl
OFF

o

RBI

-
[
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Notes:

1. The blanking input (BI) must be open or held at a high logic level when output
functions 0 through 15 are desired. The ripple-blanking input (RBI) must be open or
high if blanking of a decimal zero is not desired.

2. When alow logic level isapplied to the blanking input (Bl), all segment outputs are off
regardless of any other input.

3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at alow level with the
lamp test input high, all segment outputs go off and the ripple-blanking output (RBO)
goesto alow level (response condition).

4. When the blanking input/ripple-blanking output (BI/RBO) is open or held high and a
low is applied to the lamp-test input, all segment outputs are on.

6.4.80 74xx248 (BCD-to-seven segment dec)

The BCD -to-seven-segment decoder/driver features active-high outputs for driving lamp
buffers. It has full ripple-blanking input/output controls and alamp test input.
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BCD-to-seven-segment decoder/driver truth table:

DECIMAL |INPUTS OUTPUTS NOTE
O 80

FUNCTION|LT RBI D C B A a b c d e f g

0 1 1 0 0 0 0 1 1 1 1 1 1 1 0 1
1 1 X 0 0 0 1 1 0 1 1 0 0 0 0 1
2 1 X 0 0 1 0 1 1 1 0 1 1 0 1

3 1 X 0 0 1 1 1 1 1 1 1 0 0 1

4 1 X 0 1 0 0 1 0 1 1 0 0 1 1

5 1 X 0 1 0 1 1 1 0 1 1 0 1 1

6 1 X 0 1 1 0 1 1 0 1 1 1 1 1

7 1 X 0 1 1 1 1 1 1 1 0 0 0 0 1
8 1 X 1 0 0 0 1 1 1 1 1 1 1 1

9 1 X 1 0 0 1 1 1 1 1 1 0 1 1

10 1 X 1 0 1 0 1 0 0 0 1 1 0 1

11 1 X 1 0 1 1 1 0 0 1 1 0 0 1

12 1 X 1 1 0 0 1 0 1 0 0 0 1 1

13 1 X 1 1 0 1 1 1 0 0 1 0 1 1

14 1 X 1 1 1 0 1 0 0 0 1 1 1 1

15 1 X 1 1 1 1 1 0 0 0 0 0 0 0

BI X X X X X X |0 0 0 0 0 0 0 0 2
RBI 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3
LT 0 X X X X X 1 1 1 1 1 1 1 1 4
Notes:

1. The blanking input (BI) must be open or held at a high logic level when output
functions 0 through 15 are desired. The ripple-blanking input (RBI) must be open or
high if blanking of adecimal zero is not desired.

2. When alow logic level is applied to the blanking input (BI), all segment outputs are

low regardless of any other input.

3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at alow level with

the lamp test input high, all segment outputs go low and the ripple-blanking output

(RBO) goesto alow level (response condition).

4. When the blanking input/ripple-blanking output (BI/RBO) is open or held high and
alow isapplied to the lamp-test input, al segment outputs are high.
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6.4.81 74xx249 (BCD-to-seven segment dec)

The BCD -to-seven-segment decoder/driver features active-high outputs for driving lamp
buffers. It has full ripple-blanking input/output controls and a lamp test input.

BCD-to-seven-segment decoder/driver truth table:

NOTE

OUTPUTS

BI/RBO

INPUTS

RBI

DECIMAL

OR

FUNCTION (LT

10
11

12
13
14
15
B

RBI
LT
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Notes:

1. Theblanking input (BI) must be open or held at a high logic level when output
functions 0 through 15 are desired. The ripple-blanking input (RBI) must be open or
high if blanking of adecimal zero is not desired.

2. When alow logic level is applied to the blanking input (BI), all segment outputs are
low regardless of any other input.

3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at alow level with
the lamp test input high, all segment outputs go low and the ripple-blanking output
(RBO) goesto alow level (response condition).

4. When the blanking input/ripple-blanking output (BI/RBO) is open or held high and a
low is applied to the lamp-test input, all segment outputs are high.

6.4.82 74xx25 (Dual 4-In NOR w/Strobe)

This device contains two independent 4-input NOR gates with strobe.
NOR gate with strobe truth table:

X O X X X P >»
X ©O X X P X W
X O X kP X X O
X © Pk X X X O
OX R ErER Q@
= = O o0 o o <

6.4.83 74xx251 (Data Sel/MUX w/3-state Out)

Thisdevice contains full on-chip binary decoding to select one-of-eight data sources and hasa
strobe-controlled three-state output.
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Data selector/multiplexer truth table:

INPUTS OUTPUTS
SELECT STROBE

w
C BA S
X X X |1 Z Z
o o o |o DO DO
0 © 1 o D1 D1
0 1 0 0 D2 D2
0 1 1 0 D3 D3
1 0 0 0 D4 D4
1 0 1 |0 D5 D5
1 1 o |o D6 D6
1 1 1 0 D7 D7
Z high impedance (off)
DO, D1...D7 =

level of the respective D input

6.4.84 74xx253 (Dual 4-to-1 Data Sel/MUX w/3-state Out)

This Schottky-clamped data selector/multiplexer containsinverters and driversto supply fully
complementary on-chip, binary decoding data selection to the AND-OR gates.

6-50

Data selector/multiplexer truth table:

X8 A |co c1 c2 c3 |6 |y
X X X X X X |1 |z
0o 0 o x x x o Jo
0 0 |1 x x x o |1
0 1 |x o x x o Jo
0 1 |x 1 x x o |1
1 0 |Xx X 0 X Jo |o
1 0 X X 1 X o |
1 1 X X X o0 Jo |o
1 1 X X X 1 Jo |
Z = Highimpedance (off)
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6.4.85 74xx257 (Quad 2-to-1 line Data Sel/MUX)

This deviceis designed to multiplex signals from 4-bit data sources to 4-output datalinesin
bus-organized systems. Its 3-state outputs interface directly with the system bus.

Data selector/multiplexer truth table:

OUTPUT

SELECT (A B Y
CONTROL
1 X X X z
0 0 0 X 0
0 0 1 X 1
0 1 X 0 0
0 1 X 1 1
Z = Highimpedance (off)

6.4.86 74xx258 (Quad 2-to-1 line Data Sel/MUX)

This deviceis designed to multiplex signals from 4-bit data sources to 4-output datalinesin
bus-organized systems. Its 3-state outputs interface directly with the system bus.

Data selector/multiplexer truth table:

OUTPUT

SELECT |A B Y
CONTROL
1 X X X z
0 0 0 X 0
0 0 1 X 1
0 1 X 0 0
0 1 X 1 1
Z = Highimpedance (off)
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6.4.87 74xx259 (8-bit Latch)

This 8-bit addressable latch is a 1-of -8 decoder or demultiplexer with active high outputs. It
stores single-line datain eight addressable latches.

8-bit addressable latch truth table:

INPUTS OUTPUT OF EACH

_ ADDRESSED OTHER |FUNCTION
CLEAR G LATCH OUTPUT
1 0 D Qio Addressable latch
1 1 1Qpo Qio Memory
0 0 D 0 8-line demultiplexer
0 1 0 0 Clear

6.4.88 74xx26 (Quad 2-In NAND (OCQC))

This device contains four independent 2-input NAND gates.

Logic function:
Y = ABCD

NAND gate truth table;

X X X O r| >
X X O X Pl w
X O X X Pl 0O
O X X X rl O
= P P P ol <

6.4.89 74xx266 (Quad 2-In XNOR (OC))

This device contains four independent 2-input EXCLUSIVE-NOR gates.

Logic function:
Y = AOB
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Exclusive-NOR gate truth table:

6.4.90 74xx27 (Tri 3-In NOR)

This device contains three independent 3-input NOR gates.
Logic function:
Y = A+B+C

NOR gate truth table:

P ORrORrOr O >
PP OORRPROO W
PP PP OOOO O
O 0OO0OO0oOoOoOo KR <
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6.4.91 74xx273 (Octal D-type FF)

D flip-flop truth table

CLEAR CLK D ‘Q
0 X X |0

: 1
0o o
X |Qo

1
1 .
1 0

= transition from low to high

6.4.92 74xx279 (Quad SR latches)

The RSflip-flop has an undesired operating condition, where 1 levels at both inputswill cause
both outputsto go to a0 level. This undefined condition must be avoided. Circuits involving
feedback will lead to a*“race condition” where the output will be unpredictable.

RS flip-flop truth table:

s R @ Q
0 0 - (no change)
0 1 0 1
1 0 1 0
1 1 X X (undefined)

6.4.93 74xx28 (Quad 2-In NOR)

This device contains four independent 2-input NOR gates.

Logic function:
Y =A+B

6-54 Electronics Workbench



74xXX

NOR gate truth table:

6.4.94 74xx280 (9-bit odd/even parity generator/checker)

9-bit odd/even parity generator/checker truth table:

NUMBER OF INPUTS

z - -
A THROUGH | THAT ARE HIGH EVEN ODD
0, 2, 4, 6, 8 1 0
1, 3, 5, 7, 9 0 1
2 = sigma

6.4.95 74xx283 (4-bit Bin Full Add)

This device performs the addition of two 4-bit binary numbers. It features full internal 1ook-
ahead across all four bits generating the carry term in ten nanoseconds typically.

6.4.96 74xx290 (Decade Counter)

This device contains four master-slave flip-flops and additional gating to provide a divide-by-
two counter and a three-stage binary counter for which the count cycle length is divide-by-
five.
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Decade counter truth table:

COUNT |QD QC QB QA RO(1) RO2) R9(1) R9(2) |QD QC QB QA
0 0 0 0 o0 1 1 0 X 0 0 0 0
1 o 0 o0 1 1 1 X 0 0 0 0 0
2 o 0 1 0 X X 1 1 1 0 o0 1
3 o o0 1 1 X 0 X 0 COUNT

4 0o 1 0 0 0 X 0 X COUNT

5 0o 1 o0 1 0 X X 0 COUNT

6 o 1 1 0 X 0 0 X COUNT

7 o 1 1 1

8 1 0 0 o0

9 1 0 0 1

6.4.97 74xx293 (4-bit Binary Counter)

This device contains four master-slave flip-flops and additional gating to provide a divide-by-
two counter and a three-stage binary counter for which the count cycle length is divide-by-
eight.

Counter truth table:
RESETIN OUTPUT

Rol EEE‘Qd Qc Ob OQa
1 1 [0 0 o0 o0
0 X |COunT

X 0 |COUNT

6.4.98 74xx298 (Quad 2-In MUX)

This quadruple two-input multiplexer selects one of two 4-bit data sources and stores data
synchronously with system clock.
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Multiplexer truth table:

WORD

SELECT CLK |IQA QB QC QD

0 [4] al bl «c1 di

1 (] a2 b2 c2 d2

X (] QA0 QBO QCO QDO

, = transition from high to low

al, a2, etc. = the level of steady state input at A1, A2, etc.

QAO, QBO, etc. = the level of QA, QB, etc.entered on the most recent negative

transition of the clock input

6.4.99 74xx30 (8-In NAND)

Logic function:
Y = ABCDEFGH

8-input NAND gate truth table:

INPUTS A THROUGH H |Y
All'inputs 1 ‘0

One or more inputs 0 1

6.4.10074xx32 (Quad 2-In OR)

This device contains four independent 2-input OR gates.
Logic function:
Y = A+B
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OR gate truth table:

6.4.10174xx33 (Quad 2-In NOR (OC))

This device contains four independent 2-input NOR gates. For correct performance, the open
collector outputs require pull-up resistors.

Logic function:
Y = A+B

NOR gate truth table:

6.4.10274xx350 (4-bit Shifter w/3-state Out)

This device shifts 4-bits of datato 0, 1, 2, or 3 places under control of two select lines.
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4-hit shifter truth table:

INPUTS OUTPUTS

OE S1 SO [YO Y1 Y2 VY3
1 X X z z z z
0 0 0 DO D1 D2 D3
0 0 1 D-1 DO D1 D2
0 1 0 D-2 D-1 DO D1
0 1 1 D-3 D-2 D-1 DO
Z = Highimpedance (off)

6.4.10374xx351 (Dual Data Sel/MUX w/3-state Out)

The 74351 device is made up of two 8-line-to-1-line data sel ectors/multiplexors with full
decoding on one monoalithic chip.

Dual data selector/multiplexor truth table:

INPUTS

ENABLE

SELECT
C B A

1y

OUTPUTS

2Y

6.4.10474xx352 (Dual 4-to-1 Data Sel/MUX)

X X X X O oo oX

P R OORPRPROOX

Z
1D0
1D1
1D2
1D3
D4
D5
D6
D7

P OR OROR O X

Z
2D0
2D1
2D2
2D3
D4
D5
D6
D7

This device containsinverters and drivers to supply fully complementary on-chip, binary

decoding data selection to the AND-OR-invert gates.
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Data selector/multiplexer truth table:

SELECT |DATA INPUTS

>
o]
o
9]
=
0O
N
0
w

PRrPRrPRPOO0COOX W
PP OOR PR OOX
X X X X X X P O X
X X X X P O X X X
X X P O X X X X X
P O X X X X X X X
O o oooo oo R ol
OFr OFrR OFr O Fr P <

6.4.10574xx353 (Dual 4-to-1 Data Sel/MUX w/3-state Out)

This device containsinverters and drivers to supply fully complementary on-chip, binary
decoding data selection to the AND-OR-invert gates.

Data sel ector/multiplexer truth table:

SELECT |DATA INPUTS

>
(o]
o
@]
R
0O
N
0O
W

PRrPrPrPOoOO0COCOX
PP OOR PR OOX
X X X X X X P O X
X X X X P O X X X
X X P O X X X X X
P O X X X X X X X
OO oooo oo r ol
OFr OFrR OFr O r Pl <

6.4.10674xx365 (Hex Buffer/Driver w/3-state)

This device features high fan-out, improved fan-in, and can be used to drive terminated lines
down to 133 ohms.
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Hex buffer/driver truth table:

INPUTS OUTPUTS
EO El In Yn ?n

0 0 0 0 1

0 0 1 1 0

X 1 X z z

1 X X z z

1 =  High voltage level

0 = Low voltage level

X = Don’t care

z = high impedance “off” state

6.4.10774xx366 (Hex Inverter Buffer/Driver w/3-state)

Thisdeviceis a 3-state Hex inverter buffer/driver.
Hex inverter buffer/driver truth table:

INPUTS

OE, OF; I, |,

OUTPUTS

0

b X O

N X O -

0

0
1
X

Iz
1
0
Zz
z

N N~ O

0
1
X
X

High voltage level

Low voltage level

Don't care

High impedance “off” state

6.4.10874xx367 (Hex Buffer/Driver w/3-state)

This device features high fan-out, improved fan-in, and can be used to drive terminated lines
down to 133 ohms.
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Hex buffer/driver truth table:

INPUTS OUTPUTS

OE, Ih |Yn Ya

0 0 0 1

0 1 1 0

1 X z z

1 = High voltage level

0 = Low voltage level

X = Don't care

z = High impedance “off” state

6.4.10974xx368 (Hex Inverter Buffer/Driver w/3-state)

This device is a 3-state hex inverter buffer/driver.
Hex inverter buffer/driver truth table:

INPUTS OUTPUTS

OE, I, |Yn Vi

0 0 0 1

0 1 1 0

1 X z z

1 = High voltage level

0 =  Low voltage level

X = Don't care

Z =  High impedance “off” state

6.4.11074xx37 (Quad 2-In NAND)

This device contains four independent 2-input NAND gates.
Logic function:
Y =AB
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NAND gate truth table:

6.4.111 74xx373 (Octal D-type Transparent Latches)

This 8-hit register features three-state bus-driving outputs and transparent D-type latches.
D-latch and flip-flop truth table;

OUTPUT |ENABLE

ENABLE |LATCH D OUTPUT
0 1 1 1

0 1 0 0

0 0 X |Qo

1 X X z

Z = Highimpedance (off)

6.4.11274xx374 (Octal D-type FF (+edge))

This 8-bit register features three-state bus-driving outputs and transparent D-type flip-flops.
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D-latch and flip-flop truth table:

OUTPUT |[ENABLE

ENABLE [LATCH D OUTPUT

0 1 1

0 . 0 0

0 0 X |Qo

1 X X z
High impedance (off)

4

Transition from low to high

6.4.11374xx375 (4-bit Bistable Latches)

This device features outputs from a 4-hit latch.
Bistable latch truth table:

D C ‘Q 0o
0 1 |0 1
1 1 |1 o
X 0 Q0 QO

6.4.11474xx377 (Octal D-type FF w/en)

This device contains eight flip-flops with single-rail outputs.
D-type flip-flop truth table:

G CLK DATA [0 Q
1 X X Q0 QO
0 1 0
0 0 0o 1
X 0 X Q0 QO
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6.4.11574xx378 (Hex D-type FF w/en)

This device contains six flip-flops with single-rail outputs.
D-type flip-flop truth table:

G CLK DATA |Q OQ
1 X X Q0 QO
0 1 1 0
0 0 0o 1
X 0 X Q0 QO

6.4.11674xx379 (Quad D-type FF w/en)

This device contains four flip-flops with double-rail outputs.
D-type flip-flop truth table:

INPUTS OUTPUTS
G CLK DATA|Q Q

1 X X Q0 QO
0 1 1 0

0 0 0 1

X 0 X Q0 QO

6.4.11774xx38 (Quad 2-In NAND (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:

6.4.11874xx39 (Quad 2-In NAND (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

NAND gate truth table:

6.4.11974xx390 (Dual Div-by-2, Div-by-5 Counter)

The 74390 device incorporates dual divide-by-two and divide-by-five counters.
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BCD count sequence truth table:

OUTPUT
COUNT

QD QC QB QA
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
Notes

Output QA is connected to input B for BCD count.

Bi-quinary truth table:

OUTPUT
COUNT

Q
>

QD QC OB

o
o

© 00N O WNPEFEO
P PP PP OOOOO
P OO0OO0OO0OFr OOoOOoOOo
OFrRr P OOORFrPFOo
OFrP OFRr OOFr OoOF

Notes:
Output QD is connected to input A for bi-quinary.
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6.4.12074xx393 (Dual 4-bit Binary Counter)

This device features an independent active-high clear and clock input for each counter. The
74393 isideal for circuits that require two independent counters.

The 74393 countsfrom 0 to 15 in binary on every positive transition (low to high) of the clock

pulse.
Count sequence truth table:
OUTPUT
COUNT
QD QC QB QA

0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1
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6.4.12174xx395 (4-bit Cascadable Shift Reg w/3-state

Out)

This device is a 4-bit shift register with 3-state outputs. It features parallel-in and parallel out

registers.

4-hit shift register truth table;

6.4.12274xx40 (Dual 4-In NAND)

This device contains two independent 4-input NAND gate.
Logic function:

Y = ABCD
NAND gate truth table:
INPUTS OUTPUT
A B C D |y
1 1 1 1 |0
0o X X X |1
X 0 X X |1
X X 0 X 1
X X X 0 |1

Multisim 8 Component Reference Guide

OC CLRLD/SH CLK SERA B C D |[QA QB QC QD QD
0 X X X X X X X X |z z 'z 'z QD
1 0 X X X X X X X o o o o0 o
1 1 1 1 X X X X X |NOCHANGE

1 1 1 @ X A B C D |[QA QB QC QD QD
1 1 0 1 X X X X X |NOCHANGE

1 1 o0 @ 1 X X X X |1 QA QB QC QC
1 1 0 @ 0 X X X X |0 QA QB QC QC
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6.4.12374xx42 (4-BCD to 10-Decimal Dec)

This BCD-to-decimal decoder consists of eight inverters and ten four-input NAND gates.

4-lineto 10-line decimal decoder truth table:

DECIMAL OUTPUT

BCD INPUT

— -

No.

AITVANI

Electronics Workbench
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6.4.12474xx43 (Exc-3-to-Decimal Dec)

This excess-3-to-decimal decoder consists of eight inverters and ten four-input NAND gates.

Excess-3-to-decimal decoder truth table

DECIMAL OUTPUT

EXCESS-3- INPUT

o O o

No.

AITVANI
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6.4.12574xx44 (Exc-3-Gray-to-Decimal Dec)

This excess-3-gray-to-decimal decoder consists of eight inverters and ten four-input NAND

gates.

Excess-3-gray-to-decimal decoder truth table:

EXCESS-3-GRAY
INPUT

z
°
o

DECIMAL OUTPUT

© 0 ~NO Ul WNPEPO

OCoOoOFrRFPRFRPPPPELPRELOOOOO
OCO0OO0OO0OO0O0OORRREREREERLELERO O
PO OOORRPRRPRLROOOORLEFRLR B
PP OORRFPOORROORLE OO >

INVALID

PP PP RPRRPREPEREPRERREP O O
PR RRPRRPRPRRERRPRRERRPRRERRROR R
PR RRPRREPRPRREPRPRRERPRPRRERRPRLOPRRN
PR RRPRRPRPRREPRPRREPRPRRLRORPRER®

PR RRPRRPRPRREPRPRREPPRPLRORRERER A

PR RRPRRPRPRREPRPRRLRORRRERER O

PP RRPRRPRPRRPRPRORRRLRERLR O

PR RRPRPRRPRRORRRERRREERR N
PR RRPRRPRPRORRRLRRERREERR ©
PR RRPRRPRORRRERRLRRERRRERR O

6.4.12674425 (Quad Bus Buffer with 3-State)

Thisbus buffer has 3-state outputs that, when enabled, have the low impedance characteristics
of aTTL output and additional drive capability at high logic levelsto permit driving heavily

loaded bus lines without external pull-up resistors.

6.4.12774426 (Quad Bus Buffer with 3-State)

Thisbus buffer has 3-state outputs that, when enabled, have the low impedance characteristics
of aTTL output and additional drive capability at high logic levels to permit driving heavily
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loaded bus lines without external pull-up resistors.
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6.4.12874xx445 (BCD-to-Decimal Dec)

This BCD-to-decimal decoder consists of eight inverters and ten four-input NAND gates.

BCD-to-decimal truth table:

OUTPUTS

IHPUTS

— T

Ho.

TFAM
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6.4.12974xx45 (BCD-to-Decimal Dec)

This BCD-to-decimal decoder consists of eight inverters and ten four-input NAND gates.

BCD-to-decimal truth table:

IHPUTS OUTPUTS
Ho. |D C B A 0 1 2 3 4 5 [ [ & 9
1] 1] 1] 1] 1] 1] 1 1 1 1 1 1 1 1 1
1 1] 1] 1] 1 1 1] 1 1 1 1 1 1 1 1
2 1] 1] 1 1] 1 1 1] 1 1 1 1 1 1 1
3 1] 1] 1 1 1 1 1 1] 1 1 1 1 1 1
4 1] 1 1] 1] 1 1 1 1 1] 1 1 1 1 1
3 1] 1 1] 1 1 1 1 1 1 1] 1 1 1 1
G 1] 1 1 1] 1 1 1 1 1 1 1] 1 1 1
7 1] 1 1 1 1 1 1 1 1 1 1 1] 1 1
g 1 1] 1] 1] 1 1 1 1 1 1 1 1 1] 1
| 1 1] 1] 1 1 1 1 1 1 1 1 1 1 1]
1 1] 1 1] 1 1 1 1 1 1 1 1 1 1
1 1] 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1] 1] 1 1 1 1 1 1 1 1 1 1
o |1 1 1] 1 1 1 1 1 1 1 1 1 1 1
Z [ 1 1 1] 1 1 1 1 1 1 1 1 1 1
:é 1 1 1 1 1 1 1 1 1 1 1 1 1 1

6.4.13074xx46 (BCD-to-seven segment dec)

The 7446 BCD (Binary-Coded Decimal)-to-seven-segment decoder translates a 4-bit BCD
input into hexadecimal, and outputs high on the output pins corresponding to the hexadecimal
representation of the BCD input. There are provisions for lamp testing and for blanking the
outputs.

6-74 Electronics Workbench



74xXX

BCD-to-seven-segment decoder:

OUTPUTS

INPUTS

o

a

Bl/
RBO

C

D

RBI

LT

No.

10
11

12
13
14
15

BI

RBI
LT
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6.4.13174xx465 (Octal BUFFER w/3-state Out)

This device has atwo-input active-low AND enable gate controlling all eight data buffers.
Octal bufferstruth table:

Gl G2 A |y
0 0 0 0
0 0 1 1
1 0 X z
0 1 X z
1 1 X Z
Z = High impedance (off)

6.4.13274xx466 (Octal BUFFER w/3-state Out)

This device has atwo-input active-low AND enable gate controlling all eight data buffers.
Octal bufferstruth table:

Gl G2 A Y
0 0 0 1
0 0 1 0
1 0 X z
0 1 X z
1 1 X z
Z = Highimpedance (off)

6.4.13374xx47 (BCD-to-seven segment dec)

The 7447 BCD (Binary-Coded Decimal)-to-seven-segment decoder trandlates a 4-bit BCD
input into hexadecimal, and outputs high on the output pins corresponding to the hexadecimal
representation of the BCD input. There are provisions for lamp testing and for blanking the
outputs.
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BCD-to-seven-segment decoder truth table;

INPUTS OUTPUTS

&
ol
3|
O
(@]
w
>
|E
=
o
o
o
a
)
-

w@
o

© O~N O O W N PF O

R
= o

=
N

13

N
O~ rrr>»<z-

P OO RPRrRRPRPERPRRRPRRRPREPRRRER,RD

OFRr X PrRrPRPRPFPPRPPRPRPRPPPRPPRPPPEPPR
X O X[ X X X X[X X X XX X X X|X X X ®r 3
X O X PP PRPFPPRPPRPROOOOOOOO
X OX FPrrPRrRRococoOoORrRRRERRoooO
X OX Prroorroorroorroo
X OX rorororororororo
OO ooroocoor rrFrROFr OFR PR O PR
P OO O0COROCOR REFROORRREREER
P OO O0CO0OOrRORRRERRERRRORLER
P OO OrRrRPRORFRRORORREROREROLR
oo orooororor ooor or
P OO OrRrRrRROCORRORRERRLROCOOLR
P OO OrRrRRRRRRLROORRERREROO «@

Bl = active-low blanking input

RBI = active-low ripple-blanking input
LT = active-low lamp-test input
Notes:

1. Theblanking input (Bl) must be open or held at a high logic level when output
functions 0 through 15 are desired. The ripple-blanking input (RBI) must be open or
high if blanking of adecimal zero is not desired.

2. When alow logic level is applied to the blanking input (BI), all segment outputs are
low regardless of any other input level.

3. To place the device in lamp-test mode, RBO must be high when LT islow. Thisforces
all lamps on.
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6.4.13474xx48 (BCD-to-seven segment dec)

This device features active-high outputsfor driving lamp buffers or common-cathode VLEDs.

It also has full ripple-blanking input/output controls and alamp test input.

BCD-to-seven-segment decoder:

OUTPUTS

INPUTS

INVA
LID

Cc

D

RBI

LT

No.

10
11

12
13

14
15
B

RB
LT

Electronics Workbench
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Bl = active-low blanking input

RBI = active-low ripple-blanking input
LT = active-low lamp-test input
Notes:

1. Theblanking input (BI) must be open or held at a high logic level when output
functions 0 through 15 are desired. The ripple-blanking input (RBI) must be open
or high if blanking of a decimal zero is not desired.

2. When alow logic level is applied to the blanking input (Bl), all segment outputs
are low regardless of any other input level.

3. To place the device in lamp-test mode, RBO must be high when LT islow. This
forcesal lampson.

6.4.13574xx51 (AND-OR-INVERTER)

AND-OR INVERTER gate truth table:

X P X O X o »
X P O X O X wm
R X X oo X 0O
B X O X X ol O
oo r Fr P PR <
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6.4.13674xx521 (8-Bit Identity Comparitor)

The 74F521 is an expandable 8-bit comparator. It compares two words of up to eight bits each
and provides a LOW output when the two words match bit for bit. The expansion input IA=B
also serves as an active LOW enable input.

Inputs Qutput
[ AB [
L A=B{Note 1) L
L A=B H
H A=BE{Note 1) H
H A*B H

H = HIGH Voltage Level
L = LOW Voltage Level
Note 1: Ag=Bp, Ay = By, A7 =By elc.

6.4.13774xx533 (Octal D-Latch with inverted O/Ps)

In pUtS Out put
LE OF D o
H L H L
H L L H
L L X T
X H X z

H = HIGH Voltage Level
L = LOW Voltage Level
X = Ilmmaterial
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6.4.13874xx534 (Octal Flip-Flop with inverted Latches)

Inputs Output
cp OE D o
e L H L
e L L H
L L X Oy
X H X z

H = HIGH Voltage Level

-~ =LOW-to-HIGH Clock Transition
Op = Value stored from previous clock cycle

6.4.13974xx54 (4-wide AND-OR-INVERTER)

L = LOW Voltage Level
X = Immaterial Z = High Impedance

4-wide AND-OR-INVERTER truth table:

INPUTS OUTPUT
A B C D E F G H Y
1 1 X X X X X X 0
X X 1 1 X X X X 0
X X X X 1 1 X X 0
X X X X X X 1 1 0
X X X X X X X X 1

Multisim 8 Component Reference Guide
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6.4.14074xx55 (2-wide 4-In AND-OR-INVERTER)

AND-OR-INVERTER truth table:

INPUTS OUTPUT
A B C D E F G H Y
1 1 1 1 1 1 1 1 0
1 1 1 1 X X X X 0
X X X X 1 1 1 1 0
X X X X X X X X 1

6.4.14174xx573 (Octal D-type Latch)

This device contains eight D-type latches with 3-state output buffers. When the Latch Enable
(LE) input isHIGH, data on the Dn inputs enters the latches. In this condition the latches are
transparent, i.e., alatch output will change state each timeits D input changes. When LE is
LOW the latches store the information that was present on the D inputs a setup time preceding
the HIGH-to-LOW transition of LE. The 3-state buffers are controlled by the Output Enable
(OE) input. When OE is LOW, the buffers are in the bi-state mode. When OE is HIGH the
buffers arein the high impedance mode but this does not interfere with entering new data into
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the latches.
Inputs Qutputs
OE LE D 0
L H H H
L H L L
L L X (o
H X X z

H = HIGH ‘oltage Lavel
L = LOW Vaoltage Lewvel

X = Immatarial

Op = Walue stored from previous clock cycle
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6.4.14274xx574 (Octal D-type Flip-Flop)

This device consists of eight edge-triggered flip-flops with individual D-type inputs and 3-
STATE true outputs. The buffered clock and buffered Output Enable are common to all flip-
flops. The eight flip-flops will store the state of their individua D inputs that meet the setup
and hold times requirements on the LOW-to-HIGH Clock (CP) transition. With the Output
Enable (OE) LOW, the contents of the eight flip-flops are available at the outputs. When OE
isHIGH, the outputs go to the high impedance state. Operation of the OE input does not affect
the state of the flipflops.

Inputs Internal | Outputs

— Function
OE CP D Q (o]

H H L NC z Hold

H H H NC z Hold

H -~ L L z Load

H -~ H H z Load

L -~ L L L Data Available

L -~ H H H Data Available

L H L NC NC No Change in Data

L H H NC NC No Change in Data

HIGH Voltage Level
LOW Violtage Level
Immaterial

High Impedance

—~= LOW-to-HIGH Transition
MNC = Mo Change

L 3 i of

6.4.14374xx640 (Octal Bus Transceiver)

The output enable (OE) is active LOW. If the device is disabled (OE HIGH), the outputs arein
the high impedance state. The transmit/receive input (T/R) controls whether datais
transmitted from the A bus to the B bus or from the B bus to the A bus. When T/R isLOW, B
datais sent to the A bus. If T/RisHIGH, A datais sent to the B bus.

Inputs Outputs
OE [ TR 74F640 74F645

L L Bus B data to Bus A | Bus B data to Bus A

L H | BusA data to Bus B | Bus A data to Bus B

H X z z

H = HIGH Violtage Level

L = LOW Valtage Level

X =Don't Care

Z = High Impedance State
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6.4.14474xx645 (Octal Bus Transceiver)

The output enable (OE) is active LOW. If the deviceis disabled (OE HIGH), the outputs arein
the high impedance state. The transmit/receive input (T/R) controls whether data is
transmitted from the A busto the B bus or from the B busto the A bus. When T/R isLOW, B
datais sent to the A bus. If T/RisHIGH, A datais sent to the B bus.

Inputs

Outputs

OE

TIR

T4F640

T4F645

L

L

Bus B data to Bus A

Bus B data to Bus A

L

H

Bus A data to Bus B

Bus A data to Bus B

H

X

il

il

H = HIGH Violtage Level
L = LOW Valtage Level

X =Don't Care

Z = High Impedance State

6.4.14574xx69 (Dual 4-bit Binary Counter)

Counter number one has two sections - counter A (divide-by-2 section) and counter B, C, D
(divide-by-8 section). Counter number two has only divide-by-sixteen section.

4-Bit counter truth table:

1CLR‘ZCLR‘1QA 1Q0B 1QC 1QD ‘ZQA 2QB 2QC 2QD

1

1
0
0

1
0
1
0

COUNT
COUNT
0 0
0 0

COUNT
0 0 0 0
COUNT
0 0 0 0

6.4.14674xx72 (AND-gated JK MS-SLV FF (pre, clr))

This device is equipped with an active-low pre and active-low clr. Therefore, the flip-flop
begins accepting input from the JK input when the preset and clear are both high (hence
AND-gated).

6-84
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AND-gated XK flip-flop truth table:

PRE|CLR|CLK |3 Kk |0 O

0 [T |X X X 1 o0

1 o [x |x X o 1

0 [0 |X |X X |UNSTABLE
1 1 . 0 0 |Q0 QO
1 1 . 1 0 [1 o0

1 1 . o 1 [0 1

1 1 . 1 1 Toggle

=  triggers on pulse (level sensitive)

6.4.14774xx73 (Dual JK FF (cIr))

This device contains 2-independent JK flip-flops.
JK flip-flop truth table:

CLRCLKJ K |0 O
0 X X X Jo 1
1 0 0 [|Hold

1 1 0 |1 o
1 o 1 o 1
1 1 1 Toggle

=  triggers on pulse (level sensitive)

6.4.14874xx74 (Dual D-type FF (pre, clr))

This deviceis equipped with active-low preset and active-low clear inputs.
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D-type positive-edge-triggered flip-flop truth table:

PRECLRCLKD Q Q
0 1 X X 1 0
1 0 X X 0 1
0o 0 X X 1 1
101 . 1 1 o
11 . o o0 1
1 1 0 X Hod

=  positive edge-triggered

6.4.14974xx75 (4-bit Bistable Latches)

This device features complementary Q and Q outputs from a 4-bit latch.
Bistable latch truth table:

INPUTS OUTPUTS
D C | Q

0 1 0 1

1 1 1 0

X 0 |Q0 QO

6.4.15074xx76 (Dual JK FF (pre, clr))

This device contains two independent J-K flip-flops with individual J-K, clock, preset, and
clear inputs.
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JK flip-flop truth table:

PRE \m \CLK 3k lo o
0 1 X X 1 0
1 0 X X X 0 1
0 0 X X X 1 1
1 1 . 0 0 Hold

1 1 1 0 1

1 1 0 1 0 1
1 1 1 1 Toggle

=  pulse triggered (level sensitive)

6.4.15174xx77 (4-bit Bistable Latches)

This 4-bit latch is available in a 14-pin flat package.

Bistable latch truth table:

D C ‘L H
0 1 1 0
1 1 1 0
X 0 Hold

6.4.15274xx78 (Dual JK FF (pre, com clk & clr))

The 7478 contains two negative-edge triggered flip-flops with individual JK, individual
preset, common clock and common clear inputs.
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JK flip-flop truth table:

PRESET |[CLEAR|J K CLOCK |Q 6

0 1 X X X 1 0

1 0 X X X 0 1

0 0 X X X 1*  1* (unstable)
1 1 0 0 a (no change)

1 1 0 1 (/] 0 1

1 1 1 0 (] 1 0

1 1 1 1 1} (toggle)

1 1 X X 1 (no change)

* =  This configuration will not persist when preset and clear are inactive.
[%] =  Transition from high to low.
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6.4.15374xx82 (2-bit Bin Full Adder)

This device performs the addition of two 2-bit binary numbers.
2-bit binary full adder truth table:

INPUTS OUTPUTS

WHENCO=L |WHENCO=H

>
[
w
[
>
N
w
N
wn
=N
0
N
O
N
"
=
0
N
e}
N

P ororor ororor or o
PR, oOoOorProorroorr oo
P RrPRPrPoOoOOOORrRPRFRPERPRoooo
PFRrPRPPRPRPPRPPRRoOOOOoOOOO
OFr PO OFRPPOOFRFROOFR PR O
roooor r rorkrPRRPRoOoOO
P RrPRPPRPROOORrRroOooooooo
R OOPR P OORFoOOGBPRPFR OO F
P RrProOoocoRroooRrRkrPEFrEroO
PFRrPRPPRPRPPPRPRORFRRPRPROoOOOO

6.4.15474xx821 (10-Bit D-type Flip-Flop)

This device consists of ten D-type edge-triggered flipflops. This device has 3-STATE true
outputs for bus systems organized in a broadside pinning. The buffered Clock (CP) and
buffered Output Enable (OE) are common to all flip-flops. Theflip-flopswill store the state of
their individual D inputs that meet the setup and hold times requirements on the LOW-to-
HIGH CP transition. With the OE LOW the content of the flip-flops are available at the
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outputs. When the OE is HIGH, the outputs go to the high impedance state. Operation of the
OE input does not affect the state of the flip-flops.

Inputs Internal | Qutput
— = Function
OE CP D Q o}
H H X NC z Hold
H L X NC z Hold
H -~ L H z Load
H _~ H L z Load
L -~ L H L Data Available
L -~ H L H Data Available
L H X NC NC  |No Change in Data
L L X NC NC  |No Change in Data
L = LOW Voltage Level
H = HIGH Voltage Level
X = Immaterial
Z = High Impedanca
—~= LOW-to-HIGH Transition

MNC = Mo Change

6.4.15574xx823 (9-Bit D-type Flip-Flop)

6-90

This device consists of nine D-type edge-triggered flip-flops. It has 3-STATE true outputs and
is organized in broadside pinning. The buffered Clock (CP) and buffered Output Enable (OE)
arecommon to al flip-flops. The flip-flopswill store the state of their individual D inputs that
meet the setup and hold times requirements on the LOW-to-HIGH CP transition. With the OE
LOW the contents of the flip-flops are available at the outputs. When the OE is HIGH, the
outputs go to the high impedance state. Operation of the OE input does not affect the state of
the flip-flops. In addition to the Clock and Output Enable pins, the 74F823 has Clear (CLR)
and Clock Enable (EN) pins. When the CLR is LOW and the OE is LOW, the outputs are
LOW. When CLR isHIGH, data can be entered into the flip-flops. When EN is LOW, data on
the inputs is transferred to the outputs on the LOW-to-HIGH clock transition. When the EN is
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HIGH, the outputs do not change state regardless of the data or clock inputs transitions. This
deviceisideal for parity bus interfacing in high performance systems.

Inputs Internal | Qutput
T —— — Function
OE CLR EN CP D Q o}
H H L H X NC z Hold
H H L L X NC z Hold
H H H X X NC z Hold
L H H X X NC NC |Hold
H L X X X H z Clear
L L X X X H L Clear
H H L -~ H H z Load
H H L -~ H L z Load
L H L -~ L H L Data Available
L H L -~ H L H Data Available
L H L H X NC NC |No Change in Data
L H L L X NC NC |No Change in Data
L = LOW Vaoltage Level
H = HIGH Voltage Level
X = Immaterial
Z = High Impedance
—~= LOW-to-HIGH Transition

MNC = Mo Change

6.4.15674xx825 (8-Bit D-Type Flip-Flop)

This device consists of eight D-type edge-triggered flip-flops. This device has 3-STATE true
outputs and is organized in broadside pinning. In addition to the clock and output enable pins,
the buffered clock (CP) and buffered Output Enable (OE) are common to all flip-flops. The
flip-flops will store the state of their individual D inputs that meet the setup and hold times
requirements on the L OW-to-HIGH CP transition. With the OE LOW the contents of the flip-
flops are available at the outputs. When the OE is HIGH, the outputs go to the high impedance
state. Operation of the OE input does not affect the state of the flip-flops. The 74F825 has
Clear (CLR) and Clock Enable (EN) pins. When the CLR is LOW and the OE is LOW the
outputs are LOW. When CLR is HIGH, data can be entered into the flip-flops. When EN is
LOW, data on the inputs is transferred to the outputs on the LOW-to-HIGH clock transition.
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When the EN is HIGH the outputs do not change state, regardless of the data or clock input

transitions.
Inputs Internal [Output
—_——— = Function
OE CLR EN CP D Q (o]
H H L H X NC Z Hold
H H L L X NC Z Hold
H H H X X NC Z Hold
L H H X X NC NC  |Hold
H L X X X H zZ Clear
L L X X X H L Clear
H H L -~ L H Z Load
H H L -~ H L Z Load
L H L -~ L H L Data Available
L H L -~ H L H Data Available
L H L H X NC NC |No Change in Data
L H L L X NC NC |No Change in Data

L = LOW Valtage Level
H = HIGH ‘ioltage Level

X = Immateral

Z = High Impedanca
= = LOW-to-HIGH Transition

MNC = Mo Change

6.4.15774xx827 (10-Bit Buffers/Line Drivers)

Thisdeviceisalinedriver designed to be employed as memory address drivers, clock drivers
and bus-oriented transmitters/receivers which provide improved PC board density. The
devices have 3-STATE outputs controlled by the Output Enable (OE) pins. The outputs can
sink 64 mA and source 15 mA. Input clamp diodes limit high-speed termination effects.

e o

Immaterial

6-92

LOW Vaoltage Level
High Impedance

Inputs Outputs
OE D, 0, Function
T4F827 74F828
L H H L Transparent
L L L H Transparent
H X z z High Z
HIGH violtage level
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6.4.15874xx828 (10-Bit Buffers/Line Drivers)

Thisdeviceisalinedriver designed to be employed as memory address drivers, clock drivers

and bus-oriented transmitters/receivers which provide improved PC board density. The

devices have 3-STATE outputs controlled by the Output Enable (OE) pins. The outputs can

sink 64 mA and source 15 mA. Input clamp diodes limit high-speed termination effects.

Inputs Outputs
OE D, o, Function
74F827 | 747828
L H H L Transparant
L L L H Transparant
H X z z |Hignz

6.4.15974xx83 (4-bit Bin Full Adder)

HIGH violtage level
LOW Vaoltage Level
High Impedance
Immaterial

This device performs the addition of two 4-bit binary numbers. It features full internal look-

ahead across all four bits generating the carry term in ten nanoseconds typically.
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6.4.16074xx85 (4-bit Mag COMP)

This 4-bit magnitude comparator performs comparison of straight binary and straight BCD
(8-4-2-1) codes.

4-bit magnitude comparator truth table;

COMPARING CASCADING OUTPUTS
INPUTS INPUTS

A3,B3 |A2,B2 [A1,B1 |A0,BO [A>B A<B A=B |A>B A<B A=B
A3>B3 X X X X X X 1 0 0
A3<B3 X X X X X X 0 1 0
A3=B3 A2>B2 X X X X X 1 0 0
A3=B3 |A2<B2 X X X X X 0 1 0
A3=B3 A2=B2 |A1>Bl X X X X 1 0 0
A3=B3 A2=B2 |Al<B1l X X X X 0 1 0
A3=B3 A2=B2 |Al=B1l A0>BO X X X 1 0 0
A3=B3 A2=B2 |Al=B1 A0<BO X X X 0 1 0
A3=B3 A2=B2 |Al=B1 AO0=BO 1 0 0 1 0 0
A3=B3 A2=B2 |[|A1l=B1 |AO0=BO 0 1 0 0 1 0
A3=B3 A2=B2 |Al=B1l AO0=B0 0 0 1 0 0 1
A3=B3 A2=B2 |Al=B1l AO0=B0 X X 1 0 0 1
A3=B3 A2=B2 |Al=B1l AO0=B0 1 1 0 0 0 0
A3=B3 A2=B2 |A1=B1 A0=BO 0 0 0 1 1 0
A3=B3 A2=B2 |Al=B1 AO0=B0 0 1 1 0 1 1
A3=B3 A2=B2 |[A1l=B1 |AO0=BO 1 0 1 1 0 1
A3=B3 A2=B2 |[A1l=B1 |AO0=BO 1 1 1 1 1 1
A3=B3 A2=B2 |Al=B1l AO0=B0 1 1 0 1 1 0
A3=B3 A2=B2 |Al=B1l AO0=B0 0 0 0 0 0 0

6.4.16174xx86 (Quad 2-In XOR)

Logic function:;
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EXCLUSIVE-OR gate truth table:

6.4.16274xx90 (Decade Counter)

The 7490 counts from 0 to 9 in binary. It contains four master-slave flip-flops and additional
gating to provide a divide-by-two counter and a three-stage binary counter for which the
count cycle length is divide-by-five.

Decade counter truth table:

RESET INPUTS OUTPUT

RO(1) RO(2) R9(1) RI2) |Qd Qc Qb Qa

1 1 0 X 0 0 0 0
1 1 X 0 0 0 0 0
X X 1 1 1 0 0 1
X 0 X 0 COUNT
0 X 0 X COUNT
0 X X 0 COUNT
X 0 0 X COUNT

6.4.16374xx91 (8-bit Shift Reg)

This 8-bit shift register contains eight R-S master-slave flip-flops, input gating, and a clock
driver.
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Shift register truth table:
A B |Qh Qh
1 1 [T 0
0o X |0 1
X 0 |0 1

PRESET PRESET SERIAL [OUTPUTS
CLR ENABLE A B C D |CLK QA QB QC QD QE
0 O X X X X [X [X 0 0 0 0 o©
0 X 0o 0 o0 o0 [x X 0 0 0 0 ©
1 1 11 1 1 |x |x 1 1 1 1 1
11 0 0 o o0 0o X QA0 QBO QCO QDO QEO
1 1 1 0 1 o0 0o |x 1 QB0 1 QDO 1
1 0 X X X X |o X QA0 QBO QCO QDO QEO
1 0 X X X X 1 1 QAn QBn QCn QDn
1 0 X X X X 0 0 QAn QBn QCn QDn

QAO0, QBO, etc.

QAnN, QBn, etc.

= transition from low to high level
the level of QA, QB, etc. respectively before the indicated steady state

input conditions were established

transition of the clock

6.4.16474xx92 (Divide-by-twelve Counter)

The 7492 counts from 0 to 11 in binary. It contains four master-slave flip-flops and additional
gating to provide a divide-by-two counter and a three-stage binary counter for which the
count cycle length is divide-by-six.

Counter truth table:

RESET INPUTS |OUTPUT

RO1 RO2 Qd Qc Qb Qa
1 1 0 0 0 0
0 X Count

X 0 Count

6-96

the level of QA, QB, etc. respectively before the most recent negative
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6.4.16574xx93 (4-bit Binary Counter)

The 7493 counts from O to 15 in binary. It contains four master-slave flip-flops and additional
gating to provide a divide-by-two counter and a three-stage binary counter for which the
count cycle length is divide-by-eight.

Binary counter truth table:

RESET INPUTS OUTPUT

RO1 RO2 Qd Qc Qb Qa
1 0 0 0 0
0 Count
X Count

o X K
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Chapter 7
CMOS

7.1 CMOS Overview

1A

>

4000BD

The complementary MOS (CMOS) logic family uses both P- and N-channel MOSFETS in
the same circuit. CMOS is faster and consumes less power than the other MOS families.

CMOS ICs provide not only al of the same logic functions availablein TTL, but also severa
special functions not provided by TTL.

The 74C seriesis pin-compatible (pin configuration of the two ICs are the same) with and
functionally equivalent to TTL devices with the same number. Many but not all functions that
areavailablein TTL are also available in the 74C series. It is possible then to replace some
TTL circuits with an equivalent design.

The 74HC/HCT seriesis an improved version of the 74C series. It has atenfold increasein
switching speed compared to the 74LS devies and a higher output curre t capability than that
of the 74C. The 74HC?HCT ICs are pin-compatible with and functionally equivalent to TTL
I Cs with the same number. 74HCT devices are electrically compatible with TTL, but devices
from the 74C series are not.

The 74AC/ACT series, often referred to as ACL, for advanced CMOS logic, is functionally
equivalent to the various TTL series, but is not pin-compatible with TTL. 74AC devices are
not electrically compatible with TTL ; however, the 74ACT devices can be connected directly
to TTL. The 74AC/ACT series has advantages over the HC seriesin the areas of noise
immunity, propagation delay, and maximum clock speed. The device numbering for this
series differsfrom TTL, 74C and 74HC/HCT numbering.

The 74AHC isthe newest series of CMOS devices. The devicesin this series are three times
faster than and can replace the HC series devices.
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7.1.1

7.1.2

7.1.3

7.1.4

7.2

7-2

Power-Supply Voltage

The 4000/14000 series and 74C series devices can operate with V pp values ranging from 3 to
15V. The 74HC/HCT and 74AC/ACT series operate over arange of supply voltages between
2and 6 V.

Logic Voltage Levels

Theinput and ouput voltage levels are different for each CMOS series. The Vo for the
CMOS devicesiscloseto 0V and the Vo iscloseto 5 V. The required input voltage levels
are greater for CMOS than for TTL, except for the 74 ACT series. These series are designed
to be electrically comparable with TTL, so they must accept the same input voltage levels as
TTL.

Noise Margins

The CMOS devices have greater noise marginsthan TTL.

Power Dissipation

The power dissipation of aCMOS logic circuit is very low when the circuit isin a static state.

The pwoer dissipation of a CMOS IC increases in proportion to the frequency at which the
circuits are switching states.

4000 Series ICs

The 4000 component in the parts bin isageneric IC, or template. It has no pins or labels and
cannot be wired into a circuit.

To use an IC, drag the template onto the circuit window. A list of available ICsfor thisfamily
appears. Select the IC you want to include in your circuit. The correct graphic will appear
containing labels and pins.
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7.2.1 4000 (Dual 3-In NOR and INVERTER)

Logic function:

Ol = |1+|2+|3

0, = l4*l5+lg

O3 = 7
NOR gate truth table:

=
)
w
Q

P ORrRORORO
B, OORER OO
B R, RPr PR OOOO
Oo0oo0oo0oo0oopR

7.2.2 4001 (Quad 2-In NOR)

1

T e

This device contains four independent 2-input NOR gates.
Logic function:

Ol = |1+|2
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NOR gate truth table:

This device contains four independent 4-input NOR gates.
Logic function:

Ol = |1+|2+|3+|4
0, = I5+lg+lo+Ig
NOR gate truth table:

11 12 13 14 | O1

O X X X P
O X X B X
O X Bk X X
O P X X X
» OO0 oo

7.2.4 4007 (Dual Com Pair/Inv)

Thisdeviceisadual complementary pair and an inverter with access to each device. It has
three n-channel and three p-channel enhancement mode M OS transistors.

7-4 Electronics Workbench



4000 Series ICs

7.2.5 4008 (4-bit Binary Full Adder)

A3 3
=x]
A2 2
E2
A1 S
E1
A0 S0
ED

Il B I

CIN couT—

This deviceis capable of adding two 4-bit binary numbers together.
Logic function:

S =CINOAOB
C AB+BCOUT+ACOUT

4-bit binary adder truth table:

INPUTS OUTPUTS
CIN Al Bl A2 B2 A3 B3 A4 B4 CouT
X 1 X X 1 X 1 X 1 1
X X X 1 X X 1 X 1 1
X X X X X 1 X X 1 1
X X X X X X X 1 X 1
1 X 1 X 1 X 1 X 1 1
X X X X X X X X X 0
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7.2.6 4010 (Hex BUFFER)

3 [ 2

This device contains six independent BUFFER gates.
Logic function:

Y = A
BUFFER gate truth table:
Al Y
0 | 0
1] 1

7.2.7 40106 (Hex INVERTER (Schmitt))

S

Thisdevice contains six independent INVERTER gates. Due the to the Schmitt-trigger action,
thisdeviceisideal for circuits that are susceptible to unwanted small signals, such as noise.

Logic function:

Y = A
INVERTER gate truth table:
AlY
0 [ 1
1|0
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7.2.8 4011 (Quad 2-In NAND)

1
3
2

This device contains four independent 2-input NAND gates.
Logic function:

This device contains four independent 4-input NAND gates.
Logic function:

Ol = |1+|2+|3+|4
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NAND gate truth table;
INPUTS OUTPUTS
w12 13 14 01

X X X O P,
X X O X P
X O X X P
O X X X P
I e =)

7.2.10 4013 (Dual D-type FF (+edge))

T N e

he 4013 deviceis adual D-type flip-flop that features independent set direct (Sp), clear
irect (Cp), clock inputs (CP) and outputs (O,0).

D-type positive edge-triggered flip-flop truth table:

Sb ¢cOb cP D | o ©
1 0 X X |1 o0
0o 1 X Xx|o 1
1 1 X X |1 1
0 0 ol o 1
0 0 111 o

= positive edge-triggered
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7.2.11 4014 (8-bit Static Shift Reg)

PO
F1
P2
F3
Fd
S
PE
F7
os
PE
CP

av
[nl]
as

ol 5l
| L) w

sl S| - Bl o] @ -
5 A B

The 4014 device isafully synchronous edge-triggered 8-bit static shift register with eight
synchronous parallel inputs (P, to P7), a synchronous serial datainput (Dg), a synchronous
parallel enable input (PE), aLOW to HIGH edge-triggered clock input (CP) and buffered
parallel outputs from the last three stages (Os to O;).

Following are two 8-hit static shift register truth tables.
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Serial Operation:
INPUTS OUTPUTS
n PE DS >CLK PO P1 P2 P3 P4 P5 P6 P7|O5 O0O6 O7
1 0 D1 X X X X X X X X X X X
2 0 D2 X X X X X X X X X X X
3 0 D3 X X X X X X X X X X X
4 0 D4 X X X X X X X X X X X
5 0 D5 X X X X X X X X X X X
6 0 D6 X X X X X X X X D1 X X
7 0 D7 X X X X X X X X D2 D1 X
9 0 D8 X X X X X X X X D3 D2 D1
10 0 D9 X X X X X X X X D4 D3 D2
X X X , X X X X X X X X no change
Parallel Operation:
INPUTS OUTPUTS
PE DS >CLK PO P1 P2 P3 P4 P5 P6 P7 ‘ 0o5 06 07
1 X : X X X X X X X X |[P5 P6 P7
1 X , X X X X X X X X no change

— DE ooe

—CFE 0zE

o

m
BEEE
Zinla

—{MRE O3B

The 4015 deviceisadual edge-triggered 4-bit static shift register (serial-to-parallel
converter). Each shift register has a serial datainput (D), aclock input (CP), four fully
buffered parallel outputs (Og to O3) and an overriding asynchronous master reset input (MR).
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Shift register truth table:
n CP D MR|O0O O1 02 O3
1 D1 0 D1 X X X
2 D2 0 D2 D1 X X
3 D3 0 D3 D2 D1 X
4 D4 0 D4 D3 D2 D1
X 0 no change
X 1 0 0 0 0

o

Dn

HIGH state (the more positive voltage)
LOW state (the less positive voltage)

state is immaterial
positive-going transition
negative-going transition
either HIGH or LOW
number of clock pulse transitions

7.2.13 40160 (4-bit Dec Counter)

ot i e e

]
a1
oz
o3

13
12
11

TG f—
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The 40160 device is afully synchronous edge-triggered 4-bit decade counter with a clock
input (CP), an overriding asynchronous master reset (MR), four parallel datainputs (PO to
P3), three synchronous mode control inputs (parallel enable (PE), count enable parallel
(CEP) and count enable trickle (CET)), buffered outputs from al four bit positions (OO0 to
03) and aterminal count output (TC).

7.2.14 40161 (4-bit Bin Counter)

3
—_ oo |—
T | 13
— o1 |—
s |7 12
g |72 ]
— Pz 03 —
=
1o | “EF 15
— T
e

+0|~FE

—f ~MR

2

—cf= CF

The 40161 deviceis afully synchronous edge-triggered 4-bit binary counter with a clock
input (CP), an overriding asynchronous master reset (MR), four parallel datainputs (PO to
P3), three synchronous mode control inputs (parallel enable (PE), count enable parallel
(CEP) and count enable trickle (CET)), buffered outputs from al four bit positions (OO0 to
03) and aterminal count output (TC).
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7.2.15 40162 (4-bit Dec Counter)

4

3
T | 13
s |F1 12
g | Il
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| ~PE
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The 40162 device is afully synchronous edge-triggered 4-bit decade counter with a clock
input (CP), four synchronous parallel datainputs (PO to P3), four synchronous mode
control inputs (parallel enable (PE), count enable parallel (CEP) and count enable trickle
(CET)), and synchronous reset (SR)), buffered outputs from all four bit positions (00 to
03) and aterminal count output (TC).

7.2.16 40163 (4-bit Bin Counter)

=

3
T | 13
— o1 —
s |F1 12
g | Il
—Fz

1o |°EF 15
— T —
5 CET

| ~PE

—of ~5R

2

—ofs P

The 40163 device is afully synchronous edge-triggered 4-bit binary counter with a clock
input (CP), four synchronous parallel datainputs (PO to P3), four synchronous mode
control inputs (parallel enable (PE), count enable parallel (CEP) and count enable trickle
(CET)), and synchronous reset (SR)), buffered outputs from all four bit positions (OO0 to
03) and aterminal count output (TC).
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7.2.17 4017 (5-stage Johnson Counter)

7-14

—Fcp

—OCPEN
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The 4017 device is a 5-stage Johnson decade counter with ten spike-free decoded active
HIGH outputs (Og to Og), an active LOW output from the most significant flip-flop (Os.9),
active HIGH and active LOW clock inputs (CPg, CP;) and an overriding asynchronous
master reset input (MR).

5-stage Johnson counter truth table:

MR CPO CP1

OPERATION

X
1

O O O OO0 Ok
X o

o
1

X
0
X

0O0=05-9=H;01t009=L
Counter advances
Counter advances
No change
No change
No change
No change

HIGH state (the more positive voltage)
LOW state (the less positive voltage)
state is immaterial

positive-going transition
negative-going transition

number of clock pulse transitions
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7.2.18 40174 (Hex D-type Flip-flop)

| =

CFP

& |

~MR

The 40174 deviceis ahex edge-triggered D-type flip-flop with six datainputs (DO to D5), a
clock input (CP), an overriding asynchronous master reset input (MR), and six buffered
outputs (OO0 to O5).

Hex D-type flip-flop truth table:

INPUTS OUTPUT

cp ‘ D ‘ MR o

1 1 1

0 1 0

X 1 no change
X X 0 0
1 HIGH state (the more positive voltage)
0 LOW state (the less positive voltage)

state is immaterial

X
L I { A1

positive-going transition
negative-going transition
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7.2.19 40175 (Quad D-type Flip-flop)

m

& |
3
o

This device is a quadruple edge-triggered D-type flip-flop with four datainputs (Dg to D3),
aclock input (CP), an overriding asynchronous master rest input (MR), four buffered
outputs (Og to O3), and four complementary buffered outputs (Og to O3).

Quadruple D-type flip-flop truth table:

INPUTS OUTPUTS

cP ‘ D | MR o o

1 1 1 0

0 1 0 1

X 1 no change | no change

X X 0 0 1

1 HIGH state (the more positive voltage)
0 LOW state (the less positive voltage)

state is immaterial

positive-going transition
negative-going transition

X
o 1 nu
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7.2.20 4018 (5-stage Johnson Counter)

5
PO OO e
F1 01 =
I
P3 03
P4 04—

FL
bR
CFP

1 el

The 4018 device is a 5-stage Johnson counter with a clock input (CP), a datainput (D), an
asynchronous parallel load input (PL), five parallel inputs (PO to P4), five active LOW
buffered outputs (OO0 to O4), and an overriding asynchronous master reset input (MR).

5-stage Johnson counter truth table:

Counter mode; | Connect D Remarks

divide by input to
10 04
8 03
6 02 no external compo-
4 o1 nents needed
2 00
9 03:04
7 02:03 AND gate needed;
5 0102 counter skips all HIGH
3 00:01 states
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7.2.21 4019 (Quad 2-In MUX)

7-18

= o S| ra] ] | G| R
I o i
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F1
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The 4019 device provides four multiplexing circuits with common select inputs (Sa, Sg);

each circuit contains two inputs (A, B,,) and one output (Oy,).

Multiplexer truth table:

SELECT INPUTS OUTPUTS
Sa Sb A0 BO 00

0 0 X X 0

1 0 0 X 0

1 0 1 X 1

0 1 X 0 0

0 1 X 1 1

1 1 1 X 1

1 1 X 1 1

1 1 0 0 0
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7.2.22 40192 (4-bit Dec Counter)

x
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The 40192 device is a 4-bit synchronous up/down decade counter with a count-up clock
input (CPU), a count-down clock input (CPD), an asynchronous parallel load input (PL),
four parallel datainputs (PO to P3), an asynchronous master reset input (MR), four counter
outputs (00 to O3), an active LOW terminal count-up (carry) output (TCU) and an active
LOW terminal count-down (borrow) output (TCD).

7.2.23 40193 (4-bit Bin Counter)

15 3
] oo f—
| 2
J— o1 —
o P 3
—] oz —
s |72 7
—pa 03—
11
—f ~PL 12
8 ~TCU J0—
— CFU 13
4 ~TED

Pl
— MR

The 40193 device is a 4-hit synchronous up/down binary counter with a count-up clock
input (CPU), a count-down clock input (CPD), an asynchronous parallel load input (PL),
four paralldl datainputs (PO to P3), an asynchronous master reset input (MR), four counter
outputs (OO0 to O3), an active LOW terminal count-up (carry) output (TCU) and an active
LOW terminal count-down (borrow) output (TCD).
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7.2.24 40194 (4-bit Shift Register)

7.2.25 40195 (4-bit Shift Register)

7-20

DSk
FO
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Fz
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51
CFP

~MR
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14
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The 40194 deviceisa4-bit bidirectional shift register with two mode control inputs (SO and
S1), aclock input (CP), aserial data shift left input (DSL), a serial data shift right input
(DSR), four parallel datainputs (PO to P3), an overriding asynchronous master reset input

(MR), and four buffered parallel outputs (00 to O3).

15

FO
F1
Fz
F3

~K

~FE
CF
~tR

_\| D(]:)CD |w|m| --J| m| 0||b

]
a1
oz
o3
~03

[ 14
13

2[5l

Electronics Workbench



4000 Series ICs

The 40195 device is afully synchronous edge-triggered 4-bit shift register with a clock
input (CP), four synchronous parallel datainputs (PO to P3), two synchronous serial data
inputs (J, K), asynchronous parallel enable input (PE), buffered parallel outputs from all 4-
bit positions (00 to O3), a buffered inverted output from the last bit position (O3) and an
overriding asynchronous master reset input (MR).

7.2.26 4020 (14-stage Bin Counter)

oz
04
— MR a5
[ul=3
o7
og
oa
010
o011
o1z
o1z

[l wl T3l a5l gl ol ol o] o«

The 4020 device is a 14-stage binary ripple counter with a clock input (CP), an overriding
asynchronous master reset input (MR) and twelve fully buffered outputs (Og, O3to O3).

7.2.27 4021 (8-bit Static Shift Register)

[els)
o7
Qe

e B o o e A B
m
o
| W
[n] 5]
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The 4021 deviceis an 8-hit static shift register (parallel-to-seria converter) with a
synchronous serial datainput (Dg), aclock input (CP), an asynchronous active HIGH parallel
load input (PL), eight asynchronous parallel data inputs (Pg to P7) and buffered parallel
outputs from the last three stages (Os to O7).

7.2.28 4023 (Tri 3-In NAND)

This device contains three independent 3-input NAND gates.
Logic function:

(@] = |l+|2+|3
NAND gate truth table:
lih 2 I3 | O

P ORrRORORO
PR, OOREFER OO
B Rk, RPr PR OOOO
ORr P RPRRPRPRR
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7.2.29

4024 (7-stage Binary Counter)

()
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a1
oz
o3
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o
[o] al af o] o]

The 4024 is a 7-stage binary ripple counter. A high on MR (Master Reset) forces all counter
stages and outputs low.

The 4024 counts from 0 to 15 in binary on every negative (high to low) transition of the clock
pulse

7-stage counter truth table:

INPUTS OUTPUTS
MR CP‘Qg Of Qe Qd Qc Ob Oa

1 X 0 0 0 0 0 0 0
0 Count
0 Count

7.2.30 40240 (Octal Inv Buffer)

[ 18
14
| 1z

i

I i B

The 40240 device is an octa inverting buffer with 3-state outputs.
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7.2.31 40244 (Octal Non-inv Buffer)

[ 18
14
| 1z

i

I i B

The 40244 device is an octal non-inverting buffer with 3-state outputs.

7.2.32 40245 (Octal Bus Transceiver)

18
[ 7
16
18
14
13
12
11

I
m

0

g
B

ISR

R

DR
~ED

08

The 40245 device, an octal bustransmitter/receiver with 3-state outputs, is designed for 8-line
asynchronous, 2-way data communication between data buses.

7.2.33 4025 (Tri 3-In NOR)

This device contains three independent 3-input NOR gates.
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Logic function:

(0] = |1+|2+|3

NOR gate truth table:

=
N
w
kS

P ORrROR R OO
R, OOR ORO
Bk, RPrRPROOOO
Oo0oo0oo0oo0o0 o

7.2.34 4027 (Dual JK FF (+edge, pre, clr))

[ N I
&
m
L)
L)

This device contains two independent JK flip-flops. They have separate preset and clear
inputs.

Multisim 8 Component Reference Guide 7-25



CMOS

JK flip-flop truth table:

Sb ¢O CP J K |on On
1 0 X X X |1 0
0 1 X X X l|o 1
1 1 X X x /|1 1
0 0 0 0 Hold
0 o0 1 o1 o
0 o0 o 1|0 1
0 0 1 1 Toggle

triggers on POSITIVE pulse

7.2.35 4028 (1-0f-10 Dec)

7-26
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The 4028 device is a4-bit BCD to 1-of-10 active HIGH decoder.
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1-of-10 decoder truth table:

DECIMAL OUTPUTS

03

05 06 O7 08 09

(2]

01 02

(0]0]

BCD INPUTS

A2 Al A0

A3

*Extraordinary states

7.2.36 4029 (4-bit Bin/BCD Dec Counter)

1EO ~DEC/BIN

158

—fcP

7-27
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The 4029 is a synchronous edge-triggered up/down 4-bit binary/BCD decade counter with a
clock input (CP), an active LOW count enable input (CE), an up/down control input (UP/
DN), a binary/decade control input (BIN/DEC), an overriding asynchronous active HIGH
parallel load input (PL), four parallel datainputs (PO to P3), four parallel buffered outputs
(00 to O3) and an active LOW terminal count output (TC).

4-bit binary/BCD decade counter truth table:

PL | BIN/DEC |UPIDN| CE | cP mode

1 X X parallel load (Pn -> On)
0 X X 1 no change

0 0 0 0 count-down, decade

0 0 1 0 count-up, decade

0 1 0 0 count-down, binary

0 1 1 0 count-up, binary

HIGH state (the more positive voltage)
LOW state (the less positive voltage)
state is immaterial

positive-going clock pulse edge

X O Pk
oo

7.2.37 4030 (Quad 2-In XOR)

This device contains four independent 2-input EXCLUSIVE-OR gates.
Logic function:

o = 1,0l
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EXCLUSIVE-OR gate truth table:

7.2.38 4032 (Triple Serial Adder)

o

‘e et =
=81

| INVERT_1 .
e sz —
82

5| INVERT_2 ]
i | #2 s
88
—|INVERT_2

The 4032 triple serial adder has the clock and carry reset inputs common to all three adders.
The carry is added on the positive-going clock transition for this device.

7.2.39 4035 (4-bit Shift Register)

a 1
o FO [ulu] BE
17 F1 o1 M
Z P e
rmlic 03—
e J
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= F CP
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The 4035 device isafully synchronous edge-triggered 4-bit shift register with a clock input
(CP), four synchronous parallel data inputs (PO to P3), two synchronous serial data inputs
(3, K), asynchronous parallel enable input (PE), buffered parallel outputs from all 4-bit
positions (00 to O3), a true/complement input (T/C) and an overriding asynchronous
master reset input (MR).

Following are two shift register truth tables.

Serial operation first stage:

INPUTS OUTPUT
cp| 3 | K |MR| Op*1 |MODE OF OPERATION
1 1 0 1 D flip-flop
0 0 0 _0 D flip-flop
1 0 0 Og toggle
0 1 0 Op no change
X X X 1 0 reset
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Parallel operation:

INPUTS OUTPUTS
CP
PO P1 P2 P3| 00 O1 02 O3
0 0 0 0 0 0 0
1 1 1 1 1 1 1
= positive-going transition
1 = HIGH state (the more positive voltage)
0 = LOW state (the less positive voltage)
X = state is immaterial

7.2.40 40373 (Octal Trans Latch)
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The 40373 deviceis an 8-bit transparent latch with 3-state buffered outputs.
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7.2.41 40374 (Octal D-type Flip-flop)

7.2.42 4038 (Triple Serial Adder)

7-32
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The 40374 device is an octal D-type flip-flop with 3-state buffered outputs with a common
clock input (CP). It used primarily as an 8-bit positive edge-triggered storage register for

interfacing with a 3-state bus.

A1
E1

A2
E2

A3
=x]

1 T e I e B

CFP
RESET

INWERT_1

INWERT_2

INWERT_2

51

s2

53

w

=

The 4038 triple serial adder has the clock and carry reset inputs common to all three adders.
The carry is added on the negative-going clock transition for this device.
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7.2.43 4040 (12-stage Binary Counter)
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The 4040 device is a 12-stage binary ripple counter with a clock input (CP), an overriding
asynchronous master reset input (MR) and twelve fully buffered outputs (Og to Oy4).

12-stage binary counter truth table:

cpP ‘ MR ‘00-011
‘ 0 ‘ Count

1 0

7.2.44 4041 (Quad True/Complement BUFFER)

This device provides both inverted and non-inverted buffered outputs for each input.

Logic function:

o
o} [
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Buffer gate truth table:
I | o o
0 0 1
1 1 0

7.2.45 4042 (Quad D-latch)

=

— Do 00
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o
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E1

i

This device contains four independent D-latches.
D-latch truth table:

En E1 On
0 0 Dn
0 1 Latched
1 0 Latched
1 1 Dn
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7.2.46 4043 (Quad RS latch w/3-state Out)

S0 00—
RO a
51 01—
Ri 10
gz 02—
RZ 4
g3 03—
R3
EO

s i Bl

This device contains four independent RS-latches with 3-state outputs.
RS-latch truth table:

EO Sn Rn Oon

0 X X 4
1 0 1 0
1 1 X 1
1 0 0 Latched

7.2.47 4044 (Quad RS latch w/3-state Out)

~gn 00—

~51 01—
~R1 10
~gp 02 17—
~RZ 1
~gn 03 —
~R3
E0

S N

This device contains four independent RS-latches with 3-state outputs.
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RS-latch truth table:

EO Sn Rn On
0 X X Z
1 0 1 1
1 X 0 0
1 1 1 Latched

7.2.48 4049 (Hex INVERTER)

3 [ 2
This device contains six independent INVERTER gates.

Logic function:

o= 1
INVERTER gate truth table:
11 | o1
1] 0
0| 1

7.2.49 4050 (Hex BUFFER)

3 [ 2
This device contains six independent BUFFER/non-inverting gates.

Logic function:
Y = A
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BUFFER gate truth table:
Al Y
0 0
1 1

7.2.50 4060 (14-Stage Binary Counter & Osc)

The HEF4060B is a 14-stage ripple-carry binary counter/divider and oscillator with three
oscillator terminals, ten buffered outputs and an overriding asynchronous master reset input. The
oscillator configuration allows design of either RC or crystal oscillator circuits. The oscillator
may be replaced by an external clock signal at input RS. The counter advances on the
negative-going transition of RS. A HIGH level on MR resets the counter (O3to O9 and O11to O13=
LOW), independent of other input conditions. Schmitt-trigger action in the clock input makes the
circuit highly tolerant to slower clock rise and fall times.

7.2.51 4066 (Quad Analog Switches)

|14

wdd

2
'a [
| WES

| -

The 4066 device has four independent bilateral anal ogue switches (transmission gates). Each
switch has two input/output terminals (Y/Z) and an active HIGH enable input (E).

When the C input is high, the input/outputs A and B, will pass either digital or analog signals
in either direction.
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Analog switch truth table:
A B
0 Z
1 <->

7.2.52 4068 (8-In NAND)

Logic function:

Ol = |0|l|2|3|4|5|6|7

NAND gate truth table:

INPUTS 10 THROUGH 17 ‘ o1

All inputs 1 0
One or more inputs |

7.2.53 4069 (Hex INVERTER)

1 [ 2

This device contains six independent INVERTER gates.

7-38
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Logic function:

A =Y
INVERTER gate truth table:
AlY
0 | 1
1] 0

7.2.54 4070 (Quad 2-In XOR)

This device contains four independent 2-input EXCLUSIVE-OR gates.
Logic function:

Y = AOB

EXCLUSIVE-OR gate truth table:

A B Y
0 0
0 1 1
1 0 1
1 1 0

7.2.55 4071 (Quad 2-In OR)

ZD_S

This device contains four independent 2-input OR gates.
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Logic function:

7.2.56 4072 (Dual 4-In OR)

2
3
1
4
5

The 4072 device provides the positive dual 4-input OR function.
Logic function:
Y =  A+B+C+D
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4-input OR gate truth table:

INPUTS OUTPUT
A B C D Y
0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 0 1 1 1
0 1 0 0 1
0 1 0 1 1
0 1 1 0 1
0 1 1 1 1
1 0 0 0 1
1 0 0 1 1
1 0 1 0 1
1 0 1 1 1
1 1 0 0 1
1 1 0 1 1
1 1 1 0 1
1 1 1 1 1

7.2.57 4073 (Tri 3-In AND)

2 =]
g —

This device contains three independent 3-input AND gates.
Logic function:
Y = ABC
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AND gate truth table:

(@]

P O O OO0 OO o o <

P ORFr OFrR OFr O >
PR, OORRKFR OO @
PR R RPROOOO

7.2.58 4075 (Tri 3-In OR)

2 =]
E

This device contains three independent 3-input OR gates.
Logic function:;

Y = A+B+C

OR gatetruth table:

(@]

P PR PRPOOOO >
PP OOPRPFPROO
P OROFROFRO

PR PRPPFPPRPPPO <
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7.2.59 4076 (Quad D-type Reg w/3-state Out)
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The 4076 deviceis aquadruple edge-triggered D-type flip-flop with four datainputs (Dq to
D3), two active LOW data enable inputs (ED, and (ED), acommon clock input (CP), four
3-state outputs (O to Og), two active LOW output enable inputs (EOQy and EO,), and an

overriding asynchronous master reset input (MR).

D-type register truth table:

MR CP EDO ED1 Dn

OUTPUTS
On

O O O O O

X

INPUTS
X X
1 X
X 1
0 0
0 0
X X

X

X O P X X

0
NO CHANGE
NO CHANGE
1
0
NO CHANGE

7.2.60 4077 (Quad 2-In XNOR)

This device contains four independent 2-input EXCLUSIVE-NOR gates.
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Logic function:

O = AOB

EXCLUSIVE-NOR gate truth table:

7.2.61 4078 (8-In NOR)

m| & w| R

10
11
12

Logic function:

o} = ||:|+|1+|2+|3+|4+|5+||3+|?

8-input NOR gate simplified truth table;

7-44
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If one or more inputs are high, the output is low.

INPUTS OUTPUT

)
=
o
w
~
ol
o
3
Q

X X X X X X X r o
X X X X X X P XoOo
X X X X X P X XoOo
X X X X P, X X X O
X X X P X X X Xo
X X kP X X X X X o
X kP X X X X X X o
P X X X X X X X o
O OO0 OO0 0o

7.2.62 4081 (Quad 2-In AND)

1
3
2

This device contains four independent 2-input AND gates.

Logic function:
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7.2.63 4082 (Dual 4-In AND)

7-46

This device contains two independent 4-input AND gates.

All 4-inputs on each 4-input gate must be high to obtain a high at the output.

Logic function:

Y = ABCD

AND gate truth table:
A B C DJ|Y
0 0 0 0] o0
0 0 0 1] o0
0 0 1 o0 o0
0 0 1 1] o0
0 1 0 0] o0
0 1 0 1] o0
0 1 1 0] o0
0 1 1 110
1 0 ©0 o01|o0
1 0 0 110
1 0 1 oo
1 0 1 110
1 1 0 o01|o
i1 1 0 1|0
1 1 1 0o
1 1 1 1|1
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7.2.64 4085 (Dual 2-Wide 2-In AND-OR-INVERTER)

m| & w| R

11
12

This device contains a combination of gates (AND, OR and INVERTER).

Logic function:

OA = Ao' A1+A2' A3+A4
OB = Bo‘ Bl+BZ. B3+B4
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Inverter gate truth table:

OUTPUT

INPUTS

OA

A4

A3

A2

Al

A0

Electronics Workbench
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7.2.65 4086 (4-Wide 2-In AND-OR-INVERTER)

1
3
2

This device contains a combination of gates (AND, OR and INVERTER).
Logic function:

O = IOI1+|2|3+|4|5+|6|7+|8+|9

Inverter gate truth table;

INPUTS OUTPUT
10 11 12 13 14 15 16 17 18 | ~I9 (0]

X B X X X
X B X X X
X X X X X
X X X X X
X X X X X P

x
x
x
x
[N
[N

X X X B X X
X X X B X X

X X X X o X
P O OOO0OOoOOo

ANY OTHER COMBINATION OF INPUTS

7.2.66 4093 (Quad 2-In NAND (Schmitt))

| B o]

This device contains four independent 2-input NAND gates. Due the to the Schmitt-trigger
action, this deviceisideal for circuits that are susceptible to unwanted small signals, such as
noise.

Logic function:
O = AlB2
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7.2.67 4094 (8-stage Serial Shift Register)

7-50

NAND gate truth table:

The 4094 deviceis an 8-stage seria shift register having a storage latch associated with each
stage for strobing data from the serial input to parallel buffered 3-state outputs OO0 to O7.

Shift register truth table:

weuts [P seL

CP EO STR D | 0y O, | Os O
0 X X |z 'z |0Os nc
0 X X |z z|n 05
1 0 X nc nc 66 nc
1 1 0| 0 Ol 05 nc
1 1 1| 1 Opy| 0 nc
1 1 1 nc nc nc Oy

o

HIGH state (the more positive voltage)
LOW state (the less positive voltage)

state is immaterial

positive-going transition
negative-going transition
high impedance off state
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7.2.68 4099 (8-bit Latch)

The 4099 device is an 8-bit addressable latch. The input for this deviceis a unidirectional
write only port.

7.2.69 4502 (Strobed hex INVERTER)

#
)

This device contains six independent INVERTER gates.

INVERTER gate truth table:
Dn E EO| on
0 0 o0 |1
1 0 00
X 1 oo
X X 11|z
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7.2.70 4503 (Tri-state hex BUFFER w/Strobe)

&)

4

— o0 |—
o 5
01—

2 E
— 0z |—
CP 7
02—

1 14
— 04 —
STR 1=

05 —

15 12
— o8 |—
EOQ PPl

o7 —

a

05 —

0

os' —

Four of these six non-inverting buffers (11 through 14) are enabled by a high on EN1 and the
last two (15 and 16) are enabled by a high on EN2.

Buffer gate truth table:

High impedance
Don’t care

7.2.71 4508 (Dual 4-bit latch)

2 a
e DATA Qo T
—'WwR_DISABLE 21 1
5 SRE
ek [rie) s
T A Q4 M2
— sz @ —
2 B
—1 RESET Q7 —

This device contains two independent 4-bit latches.
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4-hit latch truth table:

INPUTS OUTPUTS
MR ST EO Dn On
0 1 0 1 1
0 1 0 0 0
0 0 0 X | LATCHED
1 X 0 X 0
X X 1 X V4

7.2.72 4510 (BCD up/down Counter)

0 i
:
o
m

]
a1
oz
o3

Tl af 4]
ﬁ) w2l e

BCD up/down counter truth table:

MR PL UPDN CE CP MODE
0 1 X X X PARALLEL LOAD
0 o X 10X NO CHANGE
0 o 0 0 COUNT DOWN
0 o 1 0o - COUNT UP
1 X X X X RESET

Multisim 8 Component Reference Guide
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7.2.73 4511(BCD-to-seven segment latch/Dec)

7-54

I

Lebh

OA —
0B —

ac
ao
0E
aF
aG

SR

[zl 5l el 2l
=l @ =]

The 4511 BCD (Binary-Coded Decimal)-to-seven-segment latch decoder transl ates a 4-bit
BCD input into hexadecimal, and outputs high on the output pins corresponding to the
hexadecimal representation of the BCD input. There are provisions for lamp testing and for

blanking the outputs.

INPUTS OUTPUTS
DISPLAY EL Bl LT D C B Ala b ¢ d e f g
8 X X 0 0 0 o0 o0 ] 1 1 1 1 1 1 o0
X o 1 o 0 o0 O0]/1 1 1 1 1 1 o0
0 o 1 1 o o ©O0 o1 1 1 1 1 1 o0
1 o 1 1 o o ©0 1]l0 1 1 0o 0 o0 0
2 o 1 1 o0 o0 1 o1 1 o 1 1 0o 1
3 o 1 1 o0 o 1 1|1 1 1 1 0o o 1
Z 0o 1 1 0 1 0 o0]o0 1 1 o0 o0 1 1
5 o 1 1 o0 1 0 1|1 o 1 1 o0 1 1
6 o 1 1 o0 1 1 olo o 1 1 1 1 o0
7 o 1 1 o 1 1 1|1 1 1 o 0o o0 o0
8 o 1 1 1 o0 o0 o1 1 1 1 1 1 1
9 o 1 1 1 o o0 1|1 1 1 o o0 1 1
o 1 1 1 o 1 olo o o0 1 1 o0 1
o 1 1 1 o 1 1]l0 o 1 1 o0 o0 1
0 1 1 1 1 0 o0]0 1 0 0 0 1 1
o 1 1 1 1 0o 1|1 o o 1 o0 1 1
o 1 1 1 1 1 olo o o 1 1 1 1
o 1 1 1 1 1 1]l0 0o o 0o 0 o0 O

* 1 1 1 0 0 0 O *
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* Depends on BCD code applied during 0 to 1 transition of EL

EL
Bl
LT

active-low latch enable input
active-low ripple-blanking input
active-low lamp-test input

7.2.74 4512 (8-In MUX w/3-state Out)

Nl e T B

~ED

This deviceis a 8-input multiplexer with 3-state outputs.
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Multiplexer truth table:

OUTPUT

INPUTS

DATA

SELECT

17

16

15

14

13

12

11

10

Output Enable (Active-low)

EO

Enable input (Active-low)

E

High impedance

z

Electronics Workbench
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7.2.75 4514 (1-of-16 Dec/DEMUX w/Input latches)

This deviceisa1l-of-16 decoder/demultiplexer with input latches. The input latches alow for

the user to hold a previous input with the enable input while the inputs change.

1-of-16 decoder/demultiplexer truth table:

OUTPUTS

INPUTS
E [A3 A2 A1 A0O|O0 O1 02 O3 04 O5 O6 O7 08 09 010 O11 012 013 014 015

0

X X X X

7-57
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7.2.76 4515 (1-0f-16 Dec/DEMUX w/Input latches)

Thisdeviceisa 1-of-16 decoder/demultiplexer with input latches. The input latches alow for

the user to hold a previous input with the enable input while the inputs change.

1-of-16 decoder/demultiplexer truth table:

OUTPUTS

INPUTS
E [A3 A2 A1l A0|OO0 O1 O2 O3 04 O5 06 O7 08 09 010 O11 012 013 014 015

1

X X X X

Electronics Workbench
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7.2.77 4516 (Binary up/down Counter)

FO
F1
Fz
F3

0 i

FL

~CE

~i0
CFP
bR

]
a1
oz
o3

2o

~ ol
7o Tol 2

This binary up/down counter counts from 0000 to 1111 in binary (0 to 15 in decimal).

Binary up/down counter truth table:

MR PL UPDN CE CP MODE
0 1 X X X | PARALLEL LOAD
0 0 X 1 X NO CHANGE
0 0 0 0 COUNT DOWN
0 0 1 0 COUNT UP
1 X X X X RESET

7.2.78 4518 (Dual BCD Counter)

1

oA

——{CPOA  O1A
= ~cria 024
— MRa  D3A

&)

[o]of o] o

The 4518 device isadual 4-bit internally synchronous BCD counter.
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BCD counter truth table:

CPO CP1 MR MODE
1 0 COUNTER
ADVANCES
o , o0 COUNTER
ADVANCES
., X o0 NO CHANGE
X - 0 NO CHANGE
.0 o0 NO CHANGE
1 0 NO CHANGE
X X 1 | ooToO3=LOW

7.2.79 4519 (Quad Multiplexer)

EO
A1 01—
E1
0z —
Ez2

=x]
SA
SB

e S S e

The 4519 device provides four multiplexing circuits with common select inputs (SA, SB).
Each circuit contains two inputs (An, Bn) and one output (On).

7.2.80 4520 (Dual Binary Counter)

[alay
cpPoa  O1A
~CPia 028
MRa O34

[o]of o] o

| %"=

The 4520 device isadual 4-bit internally synchronous binary counter.
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Binary counter truth table:

CPO CP1 MR MODE

1 0 COUNTER ADVANCES
o , o COUNTER ADVANCES
., X o0 NO CHANGE

X - 0 NO CHANGE
.0 o0 NO CHANGE
1, o NO CHANGE

X X 1 00 TO 03 = LOW

7.2.81 4522 (4-bit BCD Down Counter)

1
- CPOA

70 ~CP1A
—T MRA

&)

oA
014
0zA
034

[o]of o] o

The 4522 device is a synchronous programmable 4-bit BCD down counter with an active
HIGH and an active LOW clock input (CPO, CP1), an asynchronous parallel load input (PL),
four parallel inputs (PO to P3), a cascade feedback input (CF), four buffered parallel outputs
(OO0 to O3), aterminal count output (TC) and an overriding asynchronous master reset input

(MR).

7.2.82 4526 (4-bit Bin Down Counter)

[

FO

F1

Fz

F3

FL

CF

MR
CFO
~CP1

=

]l

]
a1
oz

o3

TC

[s T-Talel~
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The 4526 device is a synchronous programmabl e 4-bit binary down counter with an active
HIGH and an active LOW clock input (CPO, CP1), an asynchronous parallel load input
(PL), four paralel inputs (PO to P3), a cascade feedback input (CF), four buffered parallel
outputs (O0 to O3), aterminal count output (TC) and an overriding asynchronous master

reset input (MR).

7.2.83 4531 (13-input Checker/Generator)

5 7
From il oo
el o
FZz 0z —

1

P2 03—

FL 12

CF TC

MR
CFO

]l B

~CP1

The 4531 device is a parity checker/generator with 13 parity inputs (10 to 112) and a parity

output (O).
Truth table:
INPUTS OUTPUTS
10 11 12 13 14 15 16 17 18 19 110 111 112 O
0 0 0 0 0 0 0 0 0 0 0 0 0 0
any odd number of inputs HIGH 1
any even number of inputs HIGH 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1

HIGH state (the more positive voltage)
LOW state (the less positive voltage)

7-62
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7.2.84 4532 (8-bit Priority Enc)

0

2
3
4
5
E
7
2
9
10
111

15

Thisdeviceis an 8-bit priority encoder.

Priority encoder truth table:

INPUTS OUTPUTS
E1l 0 1 2 3 4 5 6 7 GS 02 O1 OO0 EO
0 X X X X X X X X 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 1
1 1 X X X X X X X 1 1 1 1 0
1 0 1 X X X X X X 1 1 1 0 0
1 0 0 1 X X X X X 1 1 0 1 0
1 0 0 0 1 X X X X 1 1 0 0 0
1 0 0 0 0 1 X X X 1 0 1 1 0
1 0 0 0 0 0 1 X X 1 0 1 0 0
1 0 0 0 0 0 0 1 X 1 0 0 1 0
1 0 0 0 0 0 0 0 1 1 0 0 0 0
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7.2.85 4539 (Dual 4-input Multiplexer)

0

11|
1z |
13 |

T e el

]
a1
oz

[ <[ @

G5 —
EQUT —

The 4539 deviceis adual 4-input multiplexer with common select logic. Each multiplexer

has four multiplexer inputs (10 to 13), an active LOW enable input (E) and a multiplexer
output (O).

7.2.86 4543 (BCD-to-seven segment latch/dec/driver)

7-64

I

i I

DA
DB
oc
oo

Lo
El

FH

O
)]
ac
ao
0E
aF
aG

alafe

[lalalal

The 4543 device isa BCD to 7-segment latch/decoder/driver for liquid crystal and LED
displays. It has four addressinputs (DA to DD), an active HIGH latch disable input (LD), an
active HIGH blanking input (Bl), an active HIGH phase input (PH) and seven buffered

segment outputs (Oato Og).
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7-segment latch/decoder/driver truth table:

INPUTS OUTPUTS

LD BI PH* DD DC DB DA | Oa Ob Oc Od Oe Of Og | DISPLAY
X 1 0 X X X X 0 0 0 0 0 0 0 BLANK
1 0 0 0 0 0 0 1 1 1 1 1 1 0 0

1 0 0 0 0 0 1 0 1 1 0 0 0 0 1

1 0 0 0 0 1 0 1 1 0 1 1 0 1 2

1 0 0 0 0 1 1 1 1 1 1 0 0 1 3

1 0 0 0 1 0 0 0 1 1 0 0 1 1 4

1 0 0 0 1 0 1 1 0 1 1 0 1 1 5

1 0 0 0 1 1 0 1 0 1 1 1 1 1 6

1 0 0 0 1 1 1 1 1 1 0 0 0 0 7

1 0 0 1 0 0 0 1 1 1 1 1 1 1 8

1 0 0 1 0 0 1 1 1 1 1 0 1 1 9

1 0 0 1 0 1 0 0 0 0 0 0 0 0 BLANK
1 0 0 1 0 1 1 0 0 0 0 0 0 0 BLANK
1 0 0 1 1 0 0 0 0 0 0 0 0 0 BLANK
1 0 0 1 1 0 1 0 0 0 0 0 0 0 BLANK
1 0 0 1 1 1 0 0 0 0 0 0 0 0 BLANK
1 0 0 1 1 1 1 0 0 0 0 0 0 0 BLANK
0 0 0 X X X X **
as above 1 as above inverse as above as above
1 = HIGH state (the more positive voltage)

0 = LOW state (the less positive voltage)
X = state is immaterial

*  For liquid crystal displays, apply a square-wave to PH.
For common cathode LED displays, select PH = LOW.
For common anode LED displays, select PH = HIGH.
**  Depends upon the BCD-code previously applied when LD = HIGH
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7.2.87 4544 (BCD-to-seven segment latch/dec)

7-66

s [nI2)
E [n]=]
C ac

o oo
LoD OE
Bl OF
FH 0OG
REIRBO

11
12
13
14
15
17
16

The 4544 BCD (Binary-Coded Decimal) -to-seven segment |atch/decoder/driver is designed
for use with liquid crystal readouts. It is constructed with complementary MOS (CMOS)
enhancement mode devices. The circuit provides the functions of a 4-bit storage latch and an

8421 BCD-to-seven segment decoder and driver.
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7-segment latch/decoder/driver truth table:

OUTPUTS

INPUTS
Ph *

DISPLAY

BLANK

BLANK

BLANK

BLANK

BLANK

BLANK

BLANK

BLANK

g

f

b

0
0

0
0
0
0
0
0

*k

*%

B A |[RBO a

C

D

LD B1

Display as

Inverse of Output
Combinations Above

above

RBI

X Don't care

Above combinations

+

**%

RBI « (ABCD)

RBO=

7.2.88 4555 (Dual 1-of-4 Dec/DEMUX)

4_5_8_?

oA
014
2

2
T

ADA
— AlA
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7.2.89 4556 (Dual 1-of-4 Dec/DEMUX)

7-68

The 4555 device is adual 1-of-4 decoder/demultiplexer. Each has two addressinputs (AO
and A1), an active LOW enableinput (E) and four mutually exclusive outputsthat are active
HIGH (OO0 to O3).

Decoder/demultiplexer truth table:

INPUTS OUTPUTS
E ‘ A0 Al ‘ 00 01 02 O3
0 0 0 1 0 0 0
0 1 0 0 1 0 0
0 0 1 0 0 1 0
0 1 1 0 0 0 1
1 X X 0 0 0 0
1 = HIGH state (the more positive voltage)
0 = LOW state (the less positive voltage)
X = state is immaterial

L“]"

ADA
ATA

~00A
~O1A
~0ZA
~03A

T-Tofal=

This device contains two independent 1-of-4 decoders/demultiplexers.

Decoders/demulltiplexer truth table:

INPUTS OUTPUTS

E‘AO Al\&aaa
o]0 o]0 1 1 1
o1 ol1 o 1 1
olo 11 1 o 1
ol1 11 1 1 o
1l x x |1 1 1 1
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7.2.90 4585 (4-bit Comparator)

=x]

10 13
A aeE g
T B0 A —
B asB[—
1 A1

T 2

718

T e

a |

B

T

A-B

A=B

The 4585 device is a 4-bit magnitude comparator that compares two 4-bit words (A and B),

whether they are “less than”, “equal to”, or “greater than”. Each word has four parallel inputs
(AOto A3 and BOto B3).

4-bit comparator truth table;

CASCADING
COMPARING INPUTS INPUTS OUTPUTS
A3,B3 A2,B2 AL Bl  A0,BO |IA>B IA<B IA=B |OA>B OA<B OA=B
Az>Bs X X X 1 X X 1 0 0
Az<Bg X X X X X X 0 1 0
Ag=Bj Ay>B, X X 1 X X 1 0 0
Ag=Bj A,<B, X X X X X 0 1 0
Az=B; A,=B, A>B; X 1 X X 1 0 0
Ag=Bg A,=B, A1<B; X X X X 0 1 0
A3=Bg A,=B, A=B; Ag>Bg 1 X X 1 0 0
Az=Bg A,=B, A1=B,; Ag<Bg X X X 0 1 0
As=B; A,=B, A=B; Ag=Bg X 0 1 0 0 1
A3=Bg A,=B, A1=B; Ag=Bg 1 0 0 1 0 0
A3=Bg A,=B, A1=B; Ag=Bg X 1 0 0 1 0
A3=Bj A,=B, A=B; Ag=Bo X 1 1 0 1 1
As=Bj A,=B, A;=B; Ag=Bg 0 0 0 0 0 0

1 = HIGH state (the more positive voltage)
0 = LOW state (the less positive voltage)
X = state is immaterial
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7.3 Tiny Logic

Tiny Logicisaline of single function digital CMOS chipswhich are intended for applications

which require only a single gate to complete a design.

7.3.1 NC7S00

This device contains asingle 2-input NAND gate.

Logic function:
Y = AB

NAND gate truth table:

7.3.2 NC7S02

This device contains asingle 2-input NOR gate.
Logic function:

Y = A+B

NOR gate truth table:

7-70
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7.3.3 NC7S04

This device contains asingle inverter.
Logic function:

Y = A
INVERTER gate truth table:
AlY
1] 0
0| 1

7.3.4 NC/7S08

This device contains asingle 2-input AND gate.
Logic function:

Y = AB

AND gate truth table:

7.3.5 NC/7S32

This device contains asingle 2-input OR gate.
Logic function:

Y = A+B

Multisim 8 Component Reference Guide
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OR gate truth table:

7.3.6 NC7S86

This device contains asingle 2-input exclusive-OR gate.

Exclusive-OR gate truth table:

INPUTS

A

B

OUTPUT
Y

= B O O

= O+ O

O P O

7.3.7 NC7STO0

This device contains asingle 2-input NAND gate.

Logic function:

7-72
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7.3.8 NC/7ST02

This device contains asingle 2-input NOR gate.

Logic function:

Y = A+B

NOR gate truth table:

7.3.9 NC/7ST04

This device contains asingle inverter.
Logic function:

Y = A
INVERTER gate truth table:
Al Y
1[0
0| 1

7.3.10 NC7STO8

This device contains asingle 2-input AND gate.

Logic function:

Y = AB

Multisim 8 Component Reference Guide
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AND gate truth table:

7.3.11 NC/ST32

This device contains asingle 2-input OR gate.
Logic function:
Y = A+B

OR gatetruth table:

7.3.12 NC7ST86

This device contains asingle 2-input exclusive-OR gate.

Exclusive-OR gate truth table:
INPUTS |OUTPUT
A B Y
0 0 0
0 1 1
1 0 1
11 0

7-74
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7.3.13 NC7SU04

This device contains a single unbuffered inverter.
Logic function:

Y = A
INVERTER gate truth table:
AlY
1[0
0|1

7.3.14 NC7SZ00

This device contains asingle UHS (ultra high-speed) 2-input NAND gate.
Logic function:

7.3.15 NC7SZ02

This device contains asingle UHS (ultra high-speed) 2-input NOR gate.
Logic function:

Y = A+B
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NOR gate truth table:

7.3.16 NC7SZ04

This device contains asingle UHS (ultra high-speed) inverter.
Logic function:

Y = A
INVERTER gate truth table:
AlY
1[0
0| 1

7.3.17 NC7SZ05

This device contains asingle UHS (ultra high-speed) inverter with open drain output.
Logic function:

Y = A
INVERTER gate truth table:
AlY
1] 0
0|1
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7.3.18 NC7SZ08

This device contains asingle UHS (ultra high-speed) 2-input AND gate.
Logic function:

Y = AB

AND gate truth table:

7.3.19 NC7SZ125

This device contains asingle UHS (ultra high-speed) buffer with 3-state output.

BUFFER gate truth table:
Al y
0 0
1 1

7.3.20 NC7SZ126

This device contains asingle UHS (ultra high-speed) buffer with 3-state output.

BUFFER gate truth table:
Ay
0|o
1 1
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7.3.21 NC/7SZ32

This device contains asingle UHS (ultra high-speed) 2-input OR gate.
Logic function:

Y = A+B

OR gatetruth table:

7.3.22 NC7SZ38

This device contains asingle UHS (ultra high-speed) 2-input NAND gate with open drain
output.

Logic function:

Y = AB

NAND gate truth table:

7.3.23 NC7SZ86

This device contains asingle UHS (ultra high-speed) 2-input exclusive-OR gate.
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Exclusive-OR gate truth table;
INPUTS |OUTPUT
A B Y
0 0 0
0o 1 1
1 0 1
1 1 0

7.3.24 NC/7SZU04

This device contains asingle UHS (ultra high-speed) unbuffered inverter.
Logic function:

Y = A
INVERTER gate truth table:
AlY
1[0
0|1
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Chapter 8
Misc. Digital Components

8.1 TIL Components

A number of TIL components are included in Multisim, including:

* “AND Gate’ on page 8-1

* “OR Gate” on page 8-2

“NOT Gate” on page 8-3

* “NOR Gate” on page 8-3

* “NAND Gate" on page 8-4

* “XOR Gate (Exclusive OR)” on page 8-4
* “XNOR Gate (Exclusive NOR)” on page 8-5
» “Tristate Buffer” on page 8-6

» “Buffer” on page 8-6

e “Schmitt Trigger” on page 8-7

« “Digital Pulldown” on page 8-8

» “Digital Pull-up” on page 8-8

» “Digital State Machine” on page 8-8

» “Parity Generator/Checker” on page 8-9

»  “Quad 2-to-1 Data Sel/MUX" on page 8-9
“Digital Freguency Divider” on page 8-9

8.1.1 AND Gate

o
B

This component has a high output only when al inputs are high.
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AND gate truth table:

Boolean Expression:
y=alb
y=a&b

8.1.2 OR Gate

This component has a high output when at least oneinput is high.
OR gatetruth table:

Boolean Expression:

y=a+b
y=a|b
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8.1.3 NOT Gate

s Do

This component inverts, or complements, the input signal. If the input is high, the output is
low, and vice versa.

NOT gate truth table:
a
0 |1
1 o

Boolean Expression:
y=a
y=a

8.1.4 NOR Gate

) e
B

This component isaNOT OR, or an inverted OR gate. Its output is high only when al the

inputs are low. Using a NOR gate is the same as having aNOT gate at the output of an OR
gate.

NOR gate truth table:
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Boolean Expression:

(a+b)

y=
y=a+b
8.1.5 NAND Gate

o>
B

Thiscomponent isaNOT AND, or inverted AND, gate. Its output islow only when al inputs
are high. Using aNAND gate is the same as having aNOT gate at the output of an AND gate.

NAND gate truth table:

Boolean Expression:

y =(alb)
y=alb

8.1.6 XOR Gate (Exclusive OR)

s>

This component has a high output when an odd number of inputs (1, 3, 5, etc.) ishigh. An
even number of high inputs generates alow output.

8-4 Electronics Workbench



TIL Components

XOR gate truth table:

Boolean Expression:

y=alb
y=ab +ab’

8.1.7 XNOR Gate (Exclusive NOR)

s>

This component has a high output when an even number of inputs (2, 4, 6, etc.) ishigh. An
odd number of high inputs generates alow output.

XNOR gate truth table;

Boolean Expression:
y=alb
y=(a'b+ ab')'
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8.1.8 Tristate Buffer

s

EN

This component is anon-inverting buffer with athree-state output. It has a greater fan-out and
offers a high-current source and sink capability for driving high-current loads. The buffer has
an active-high enable input.

If the deviceis not “enabled”, then the buffer output goes into a high-impedance (2) state. In
this state, the output pin is effectively disconnected from the rest of the circuit. Thus, the
buffer is useful for circuits where outputs from different digital devices meet at the same
node.

Truth table:

. enable

input input output
1 1 1

0 1 0

X 0 Z

where Z is a high-impedance state

Note When using atristate buffer use the Models tab of the Circuit/Component Properties
dialog box. Select the LS-BUF or LS-OC-BUF (OC = Open-collector) model if the
buffer isbeing used asa TTL device. Select HC-BUF or HC-OD-BUF if the tristate
buffer is being used asa CMOS device. Otherwise, by default, the tristate buffer will
behave as aregular digital device without any high-current capabilities.

8.1.9 Buffer

8-6

e

This component is a non-inverting buffer. It has a greater fan-out and offers a high-current
source and sink capability for driving high-current loads.
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Truth table:

Note When using abuffer, set it up using the Models tab of the Circuit/Component
Properties dialog box. Select the LS-BUF or LS-OC-BUF model if the buffer is being
used asa TTL device. Select HC-BUF or HC-OD-BUF if the buffer isbeing used asa

CMOS device. Otherwise, by default, the buffer will behave as aregular digital device
without any high-current capabilities.

8.1.10 Schmitt Trigger

2 fory

This component is atype of comparator with hystereses that produces uniform-amplitude

output pulses from a random-amplitude input signal. It has applicationsin pulse systems, for
example, converting a sine wave into a square wave.

Characteristic Operation:
The Schmitt trigger outputs:

0 ifthe voltage is rising and Vi, > V4"

1 ifthe voltage is falling and Vi, < V.4

where
V+g+ = 16V (Vp)
V+g> = 09V (V")
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8.1.11 Digital Pulldown

:

4
DIGITAL_PULLDOWN

A digital pull-down resistor emulates the behavior of an analog resistance valuetied to alow
voltage level.

8.1.12 Digital Pull-up

gDIGITAL_PULLUP

A digital pull-up resistor emulates the behavior of an analog resistance value tied to a high
voltage level.

8.1.13 Digital State Machine

— IHL ITL ——
— In: ITE ——
— Inz T2 ——
— In¢ T4 ——
— IKs TS ——
— IHE ITE ——
— In? IT? ——
— Ih& TS ——
— Ing s ——
— IHL0 ITL0 ——
— IHLL Tl ——
— IHLE ITLE ——
—F [LK

— EEIET

DIGITAL_STATE_MACHINE

Thedigital state machine’'smodel can be configured to act as most types of counter or clocked
combinational logic blocks. Use this device to replace large digital schematics.
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8.1.14 Parity Generator/Checker

This 9-bit (8 data bits plus 1 parity hit) parity generator/checker features odd/even outputs and
control inputs to facilitate operation in either odd- or even-parity applications.

Parity generator/checker truth table:

INPUTS OUTPUTS
S OFH'SATA _ o\ oop S
THRUH EVEN ODD
Even 1 0 1 0
Odd 1 0 0 1
Even 0 1 0 1
Odd 0 1 1 0

X 1 1 0 0

X 0 0o 1 1

8.1.15 Quad 2-to-1 Data Sel/MUX

This device containsinverters and drivers to supply full on-chip data selection to the four
output gates. It presents inverted data to minimize propagation delay time.

A 4-bit word is selected from one of two sources and is routed to the four outputs.
Data selector/multiplexer truth table:

STROBE |SELECT OUTPUT
G A/B A B |y
T X X X |1
0 0 0o x 1
0 0 1 x o
0 1 X 0 |1
0 1 X 1 |o

8.1.16 Digital Frequency Divider

This deviceis a programmable step-down divider which accepts an arbitrary divisor, a duty-
cycleterm and aninitial count value. The generated output is synchronized to the rising edges
of theinput signal. Rise and fall delay on the outputs are independently specifiable.

Multisim 8 Component Reference Guide
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8.2 VHDL

The componentsin the VHDL family are digital componentsin VHDL. The modelswere
obtained from the Free Model Foundation (http://www.fmf.org). The source for these
componentsisinstalled by default in the vhdI\fmf parts subdirectory of the Multisim directory.
In that sudirectory, the VHDL description files named with the form * STDxx’, for example,
model the equivalent component inthe TTL ‘74xx’ series (e.g.: STD00.vhd isthe VHDL
description for the 7400).

ECL 10016.VHD: 4-Bit Synchronous Binary Up Counter
ECL10102.VHD: 2-input NOR and 2-input OR/NOR
ECL10104.VHD: 2-input AND and 2-input AND/NAND
ECL10124.VHD: TTL-to-ECL Translator

ECL10131.VHD: Dual D Flip-Flop with Set, Reset and Clock Enable
ECL10141.VHD: 4-Bit Universal Shift Register

IF75155.VHD: RS-232 Driver/Receiver

IF75172.VHD: Quad Differential Line Drivers

IF75173.VHD: Quad Differential Line Receivers

IF75179.VHD: Differentia Driver/Receiver Pair

IF75188.VHD: RS-232 Quad Line Driver

IF75189.VHD: RS-232 Line Receiver

STDO00.VHD: 2-input positve-NAND gate

STDO01.VHD: 2-input positve-NAND gate with open-collector output
STD02.VHD: 2-input positve-NOR gate

STDO03.VHD: 2-input positve-NAND gate with open-collector output
STD04.VHD: Inverter

STDO05.VHD: Inverter

STDO06.VHD: Inverter with open collector output

STDO07.VHD: Buffer/Driver with Open Collector Outputs
STDO08.VHD: 2-input positve-AND gate

STD10.VHD: 3-input NAND gate

STD109.VHD: Positive-Edge Triggered J-K Flip-Flop

STD11.VHD: 3-input positve-AND gate

STD125.VHD: Line driver with 3-state output

STD132.VHD: 2-input positve-NAND gate
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STD138.VHD: 3 to 8 decoder

STD139.VHD: 2 to 4 decoder

STD14.VHD: Inverter

STD157.VHD: 2:1 Mux with enable

STD16260.VHD: Multiplexed D Latch with 3-State Outputs
STD16500.VHD: Universal Bus Transceiver
STD16501.VHD: Universal Bus Transceiver
STD16601.VHD: Universal Bus Transceiver

STD240.VHD: Inverting line driver with 3-state output
STD244.VHD: Line driver with 3-state output
STD245.VHD: 8-bit TTL Transceiver

STD257.VHD: 2:1 Mux with 3-state output

STD258.VHD: 2:1 Mux with 3-state inverting output
STD26.VHD: 2-input positve-NAND gate with open-collector output
STD273.VHD: D Flip-Flop with Clear

STD32.VHD: 2-input positve-OR gate

STD373.VHD: Transparent Latch

STD374.VHD: Positive-Edge Triggered Flip-Flop
STD377.VHD: Octa D-Type Flip-Flop with Enable (8-Bit Hold Register)
STD38.VHD: Quadruple 2-input positve-NAND buffers
STD521.VHD: 8-Bit Identity Comparator

STD533.VHD: D Latch with 3-State Outputs
STD541.VHD: Driver with 3-state output

STD543.VHD: Latched Transceiver

STD544.VHD: Inverting Latched Transceiver
STD574.VHD: Positive-Edge Triggered Flip-Flop
STD640.VHD: Bidirectional Bus Transceiver
STD652.VHD: Registered Bus Transceiver with 3-State Output
STD74.VHD: Positive-Edge Triggered Flip-Flop
STD821.VHD: Bus Interface Flip-Flop with 3-State Output
STD823.VHD: Bus Interface Flip-Flop with 3-State Output
STD825.VHD: Buffer with 3-state output
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8.3

8.4

8.5

8-12

STD827.VHD: Buffer with 3-state output

STD832.VHD: 2-input positve-OR gate

STD86.VHD: 2-input exclusive-OR gate

STD869.VHD: Synchronous 8-Bit Up/Down Counter

STD952.VHD: Registered Transceiver with 3-State Output
STDH244.VHD: Line driver with 3-state output and bus hold
STDH245.VHD: TTL Transceiver with bus hold

STDH374.VHD: Positive-Edge Triggered Flip-Flop with bus hold
STDH543.VHD: Latched Transceiver with bus hold

STDH652.VHD: Reg Bus Transceiver with 3-State Output and Bus Hold
STDH952.VHD: Registered Transceiver with 3-State Output and bus hold
SY69167.VHD: 64 X 18 FIFO

Memory
A number of EPROM and RAM memory devices areincluded in Multisim. In addition to the

components that contain footprint and model information (for simulation), there are severa
that include only the footprint, for PCB layouit.

Line Receiver

Line receivers are devices which are used in applications such as a bridge between analog
signal and digital signals such as RS232 interfaces, or long signal runs over cables. Theline
receivers are placed at the receiving end of the application before the digital circuits.

Line Driver

Linedriversare devices which are used in applications such as a bridge between analog signal
and digital signals such as RS232 interfaces, or long signal runs over cables. The line drivers
are placed at the transmitting end of the application after the digital circuits.
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8.6 Line Transceiver

Linetransceivers are devices, which are used in applications such as a bridge between analog
signal and digital signals such as RS232 interfaces, or long signal runs over cables. Theline
transceivers are placed between the digital circuits.

8.7 CPLDs
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A number of CPLDs (Complex Programmable Logic Devices) areincluded that have symbols
for layout purposes. These also have footprint, but no model information.

8.8 DSP Devices
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A number of DSPs (Digital Signal Processors) are included that have symbols for layout
purposes. These also have footprint, but no model information.
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8.9 FPGA Devices
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A number of FPGAs (Field Programmable Gate Arrays) are included that have symbols for
layout purposes. These also have footprint, but no model information.

8.10 Microcontrollers

]
2 vss oD -
< REOANT Ra0
£ 1 ret Rai (18
J rez Raz [T
191 res R 2 —
21 REe  iicLnven 3
- ap

3_3 REG  OSCTCLKIN %
= {re7 oscclkoUTHE

FICT1GCE54

A number of microcontrollers are included that have symbols for layout purposes. These also
have footprint, but no model information.
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8.11 Programmable Logic Devices
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A number of PLDs (Programmable Logic Devices) are included that have symbols for layout
purposes. These also have footprint, but no model information.

8.12 Microprocessors
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A number of microprocessors are included that have symbols for layout purposes. These also
have footprint, but no model information.
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Chapter 9
Mixed Components

9.1 ADCDAC

A

oo —
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— s0C DOE —
—1 OE o7 —
EQC|—

ADC

An ADC isaspecia type of encoder that converts the input analog voltage to an equivalent
output digital word.

9.1.1 Characteristic Equation

TheV,, input is the analog voltage input. The voltage at V.. and V, pins set up the full-scale
voltage. The full-scale voltage is given by:

Vis =Vret + — Vier -
To start the conversion, the SOC pin should be driven high. This pulls the EOC pin low,

signifying that a conversion is taking place. The conversion takes 1 uS to complete and the
EOC pinis pulled high when it is completed. The output digital datais now available at pins
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9.2

9-2

DO through D7. These are tri-stated outputs pins which may be enabled by pulling the OE pin
high.

The output at the end of the conversion processisthe digital equivalent of the analog input
voltage. The discrete value corresponding to the quantized level of input voltage is given by:

input voltage* 256
Vis

Note that the output described by this formulais not a continuous function of input voltage.
The discrete value is then encoded into the binary digital form at pins DO through D7. The
binary output is thus given by:

1 *
Bl N[lnput voltage 256}

fs

Analog Switch

5

1
.[>O_4 ADTS1001.0

WSS gnd

T

This switch isaresistor that varies logarithmically between specified values of a controlling
input voltage. Note that the input is not internally limited. Therefore, if the controlling signal

exceeds the specified Coff or Con values, the resistance may become excessively large or
small.

£

The voltage controlled switch has a function similar to that performed by a mechanical On/
Off switch except that the On/Off conditions are selected by a control voltage.

When the control voltage is below a selected value, the switch is off and the input and output
signals are disconnected.

When the control voltage is above the selected value, the switch is on and the input and output
signals are connected.
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9.3 Timer

U1

WEG

THR ouT [—
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The 555 timer isan I C chip that is commonly used as an astable multivibrator, a monostable
multivibrator or avoltage-controlled oscillator. The 555 timer consists basically of two
comparators, aresistive voltage divider, aflip-flop and adischarge transistor. It is atwo-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.

9.3.1 Model

Theresistive voltage divider is used to set the voltage comparator levels. All three resistors
are of equal value. The upper comparator has areference voltage of 2/3 V.. and the lower
comparator has areference of 1/3 V.. The comparator’s output controls the state of the flip-
flop and hence the output. When the trigger voltage goes below 1/3 V ., the output of the
lower comparator goes high, and the flip-flop sets. The output thus jumpsto ahigh level. The
threshold input is normally connected to an external RC timing network. When the external
voltage exceeds 2/3 V ., the upper comparator’s output goes high and resets the flip-flop,
which in turn switches the output back to the low level. When the device output is low, the
discharge transistor, Q, isturned on and provides a path for the discharge of the external
timing capacitor.

This basic operation allows the timer to be configured with external components as an
oscillator, amonoshot or atime-delay element.
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9.4

94.1

9.5

9-4

Mono Stable

This component produces an output pulse of afixed duration in response to an “edge” trigger
at itsinput. The length of the output pulseis controlled by the timing RC circuit connected to
the monostable multivibrator.

Model

A monostable multivibrator has two digital inputs: A1 and A2. The multivibrator can be
triggered by a positive edge of digital signal at A1 or anegative edge at A2. Once triggered, it
ignores further inputs.

An RC combination connected to RT/CT and CT pins controls the duration of the pulse
produced by the monostable at Q. A complementary output is produced at W.

To operate the monostable, the following connections may be used:

» Connect a seriesresistor (R) and capacitor (C) to the CT input.
» Connect the junction of the R and C to the RT/CT.
» Connect V. to avoltage source.

The output Q will give a pulse of duration 0.0693* R* C when either a positive clock edgeis
givento Al or anegative edgeisgivento A2.

The threshold voltage (at which triggering starts) can be changed by modifying the model.

Phase-Locked Loop

Al
PLL
— PLLin WOOot [—
— POin POowt |—
LPFout [—
PLL_VWIRTUAL

This component models the behavior of a phase-locked loop circuit, which isacircuit that
contains an oscillator whose output phase and frequency are steered to keep it synchronized
with an input reference signal.

A phase-locked loop circuit is composed of three functional blocks: a phase detector, alow-
passfilter and avoltage-controlled oscillator (VCO). The phase detector behaves as an analog
multiplier. It outputs a DC voltage which isafunction of the phase difference between the
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input reference signal and the VCO output signal. The output of the phase detector isinput to
the low-pass filter, which removes the high-frequency noise and outputs a DC voltage. The
V CO converts the DC voltage into its corresponding frequency signal.

9.5.1 Characteristic Equation
The phase detector is modeled by:
V, =K, En(g,- ¢,)
¢ =2n0] f (t)dt

The low-passfilter is modeled by asimple passive RC low-pass filter, that is, aresistor and a
capacitor, where R is 3.6 kohm, and:

_ 1
270t OR
The voltage-controlled oscillator (VCO) is modeled by:
fo(t) = fo + K DV (1)
¢, =20 f_(t)dt

where
fi = input frequency
fo = low-pass filter pole location
fo = VCO output frequency
fe = VCO free-running frequency
Vq = phase detector output DC voltage
Vo = VCO output voltage
Ko = VCO conversion gain
Kg = phase detector conversion gain
@i = input signal phase
¢, = VCO output phase
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9.5.2 Phase-Locked Loop Parameters and Defaults

9.6

Symbol Parameter name Default Unit

Kd Phase detector conversion gain | 0.25 V/rad

Ko VCO conversion gain 500 kHz/
\%

fc VCO free-running frequency 250 kHz

fp Low-pass filter cut-off frequency | 25 kHz

Vom VCO output amplitude 1.0 \%

-- PLL Input Offset 0 \%

-- PD Input Offset 0 \%

-- VCO Output Offset 0 \%

Multivibrators

9.6.1 CD4538BC

The CD4538 is adual, precision monostable multivibrator with independent trigger and reset
controls. The device isretriggerable and resettable, and the control inputs are internally
latched. Two trigger inputs are provided to allow either rising or falling edge triggering. The
reset inputs are active LOW and prevent triggering while active. The pulse duration and
accuracy are determined by external components Ry and Cy. The device does not allow the
timing capacitor to discharge through the timing pin on power-down condition. For this

9-6
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reason, no external protection resistor is required in series with the timing pin. Input
protection from static discharge is provided on al pins.

Inputs Outputs

>
—  ®x I x=|>
I - x x|m
g oz ol

Q
L
L
L
gl
gl

H = HIGH Level

L = LOW Lewvel

T = Transition from LOW-to-HIGH
4 = Transition from HIGH-to-LOW
= 0ne HIGH Level Pulse

= = One LOW Level Pulse

X = lmelevant

9.6.2 SN74121N

Thismultivibrator has dual negative-triggered inputs and asingle positive-transition-triggered
input which can be used as an inhibit input. Complementary output pulses are provided.

INPUTS ouTPUTS
A2 o]

-+ =+ I I T x r~ I I

x,.._._;;:xx"f
- %X - I — 1 X r~ X

o o s R
LLOCCz= z=|e
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9.6.3

9.6.4

9.7

9-8

SN74123

This DC triggered multivibrator has output pulse duration control by three methods. The basic
pulse timeis programmed by selection of external resistance and capacitance values. Enough

Schmitt hysteresisis provided to ensure jitter-free triggering from the B input with transition
rates as slow as 0.1 mV per nanosecond.

SN74130N

This DC triggered multivibrator has output pul se duration control by three methods. The basic
pulse timeis programmed by selection of external resistance and capacitance values.

Frequency Divider

Thisisan Asynchronous Binary Counter Based Frequency Divider. The amplitude of the
square wave output can be defined by the user viathe dialog box. Thisdevice isideal for use
with the virtual PLL in frequency synthesis applications.
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Indicators

10.1 Voltmeter

+ y
0.000 I —

The voltmeter offers advantages over the multimeter for measuring voltage in a circuit. You
can use an unlimited number of voltmetersin acircuit and rotate their terminals to suit your
layout.

10.1.1 Resistance (1.0 Q - 999.99 TQ)

The voltmeter is preset to avery high resistance (1 MC(+)) which generally has no effect on
acircuit. If you are testing a circuit that itself has very high resistance, you may want to
increase the voltmeter’s resistance to get a more accurate reading. (However, using a
voltmeter with very high resistance in alow-resistance circuit may result in a mathematical
round-off error.)

10.1.2 Mode (DC or AC)

The voltmeter can measure DC or AC voltage. In DC mode, any AC component of the signal
is eliminated so that only the DC component of the signal is measured. In AC mode, any DC
component is eliminated so that only the AC component is measured. When set to AC, the
voltmeter displays the root-mean-square (RMS) value of the signal.
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10.1.3 Connecting a Voltmeter

Connect the voltmeter in parallel with the load, attaching the probes to connectors on either
side of the load you want to measure. When acircuit is activated and its behavior is simulated,
the voltmeter displays the voltage across the test points. (The voltmeter may also display
interim voltages before the final steady-state voltage is reached.)

Note If avoltmeter ismoved after the circuit has been simulated, activate the circuit again to
get areading.

10.2 Ammeter

¥ .
0.000 A

The ammeter offers advantages over the multimeter for measuring current in acircuit. You
can use an unlimited number of ammetersin a circuit and rotate their terminals to suit your
layout.

10.2.1 Resistance (1.0 pQ - 999.99 Q)

The ammeter’s resistance is preset to 1 mQ, which presentslittle resistance to acircuit. If you
aretesting acircuit that has low resistance, you can lower the ammeter’s resistance even
further to get a more precise measurement. (However, using an ammeter with very low
resistance in a high-resistance circuit may result in a mathematical round-off error.)

10.2.2 Mode (DC or AC)

The ammeter is preset to DC mode, which measures only the DC component of asignal. If
you want to measure the current from an AC source, change the modeto AC. When set to AC,
the ammeter displays the root-mean-square (RMS) value of the alternating signal.

10.2.3 Connecting an Ammeter

Like areal ammeter, the simulated ammeter must be connected in series at nodes you want to
measure. The negative terminal is on the side with the heavy border. If an ammeter is moved
after the circuit has been simulated, activate the circuit again to get areading.
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10.3

10.4

Probe (LED)

i3]

O 28
|

The probe indicates high (on) or low (off) levelsat any point in adigital circuit. It lights up or

turns off asthe circuit is running. You can change the color of the probe from the Choose
Probe tab of the Circuit/Component Properties dialog box.

Lamp

ih]

O

200 _ 100w

Thelightbulb is an ideal, nonlinear resistive component that dissipates energy in the form of
light. It has two rated values, maximum power (P, and maximum voltage (Viax)- Prax iS
measured in watts, from mW to kW. V|, is measured in volts, from mV to kV. A bulb will

burn out if the voltage across it exceeds V5. At that point, the power dissipated in the bulb
exceeds Py

10.4.1 Time-Domain and AC Frequency Models

The bulb ismodeled by aresistor, R.
V maxz

max
R=w if IVabl > Vmax
Thebulbislit if
Vimax
—<
2

R=

|f [Vab| < Vmax

Nm| < Vimax
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where
Vinax = the maximum voltage that can be applied across the bulb
Prax = the maximum power that can be dissipated by the bulb.

For AC circuits, V,y iS the peak value of the applied voltage, not its RMS value.

10.5 Hex Display

10.5.1 Seven-Segment Display

U1

H H DCD_HEX

o s 2 14

The seven-segment display actively shows its state while the circuit is running. The seven
terminals (Ieft to right, respectively) control segmentsato g. By giving the proper binary-digit
inputs to segments ato g, you can display decimal numbersfrom 0to 9 and letters A to .
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Truth table:

Digit displayed

none

g
0

10-5
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10.5.2 Decoded Seven-Segment Display

This display indicates its current state by displaying hexadecimal digits—numerals 1to 9 and
letters A to F. It is easier to use than the regular seven-segment display because it is already
decoded. Each hexadecimal digit is displayed when its 4-bit binary equivalent is received as
input, as shown in the truth table below.

Truth table:

(¢}

Digit displayed

B B RP RP P P P B O O O O O O O O
B B B P O O O O B B B B O O O O]|0oT
B O O B B O O B B O O KR LB O O
L O O P P O P O P O P O Fr O r O|a
T m e O T > © 0 N O O b~ W N B O
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10.6 Bargraphs

10.6.1 The Component

ik

B3| DCcoO _BARGRAPH
=

=

=

=

Thisdisplay isan array of 10 LEDs arranged side by side. This component may be used to
indicate visually therise and fall of avoltage. The voltage to be measured needs to be decoded
into levels using comparators which are used to drive each individual LED.

The terminals on the left side of the display are anodes and the terminals on theright are
cathodes. Each LED lights up when the turn-on current, |, flowsthrough it. You can change
the voltage drop in the Value tab of the Circuit/Component Properties dialog box.

10.6.1.1 Bargraph Display Parameters and Defaults

Symbol Parameter Name Default Unit
Vf Forward voltage drop 2 Vv
If Forward current at which Vfis measured | 0.03 A
lon Forward current 0.01 A

10.6.2 Decoded Bargraph Display

Thisdisplay consists of 10 LEDs arranged side by side, just like the regular bargraph display.
The difference is that the decoded bargraph display already has the decoding circuitry built-in
so that it only requires the voltage to be measured as an input to the display. The circuitry

inside decodes the voltage and lights up the appropriate number of LEDS, depending on the
voltage level.

The decoded bargraph display a so offers avery high resistance to the input voltage. The
minimum voltages required for the lowest LED and the highest LED are set in the Value tab
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of the Circuit/Component Properties dialog box. The voltage at which each LED (from
lowest to highest) lights up is given by the formula:

V, -V,
Von :VI +¥qn_ l)
where
n = 1,2,..,10 (the number of the LED)

Other termsin this formula are defined in the table below.

10.6.2.1 Decoded Bargraph Display Parameters and

Defaults
Symbol Parameter Name Default | Unit
\ Minimum turn-on voltage required for 1 \%

the lowest segment

Vh Minimum turn-on voltage required for 10 \%
the highest segment

10.7 Buzzer/Sonalert Buzzer

10-8

1) @

BUZZER SONALERT
200 Hz 200 Hz

This component uses the computer’s built-in speaker to simulate an ideal piezoel ectric buzzer.
A piezoelectric buzzer sounds at a specific frequency when the voltage across its terminals
exceeds the set voltage.
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The buzzer is simulated as a single resistor whose resistance value is dependent on the

buzzer’s rated voltage and the current. It beeps when the voltage across its terminals exceeds
its voltage rating, V; aeg-

Buzzer resistance

V'rated
r =

i rated
Beepswhen

Vab = Vrated
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Chapter 11
Misc. Components

11.1 Crystal

KTALA
I
HC-459/U_1.5kHz
This component is made of pure quartz and behaves as a quartz crystal resonator, a circular
piece of quartz with electrodes plated on both sides mounted inside an evacuated enclosure.
When quartz crystals are mechanically vibrated, they produce an AC voltage. Conversely,
when an AC voltage is applied across the quartz crystals, they vibrate at the frequency of the

applied voltage. Thisis known as the piezoel ectric effect and quartz is an example of a
piezoelectric crystal.

The piezoelectric characteristics of quartz give the crystal the characteristics of avery high Q
tuned circuit. The piezoelectric effect of quartz crystal links the mechanical and electrical
properties of the resonator. Electrode voltage causes mechanical movement. Likewise,
mechanical displacement generates an electrode voltage.

An eguivalent circuit for a crystal shows alarge inductor in series with a small resistance and
a capacitance. When mounted in a holder with connections, a shunt capacitance is added to
the equivalent circuit. The resultant equivalent circuit means that the crystal has both a series
and parallel resonant frequency very close together.

Oscillators that employ crystals, typically quartz, offer excellent oscillation frequency
stabilities of 0.001 percent. Crystal oscillators are used in digital wristwatches and in clocks
that do not derive their frequency reference from the AC power line. They are also used in
color television sets and personal computers. In these applications, one or more “quartz
crystals’ control frequency or time.

Another much more efficient transducer material than quartz is PZT. This ceramic material is
ferroelectric and is made up of lead and other atoms, Ti or Zr. PZT consists of randomly
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oriented crystallites of varying size. The piezoelectric but not the ferroelectric property of the
ceramic materials of the PZT family is made use of in transducer applications, such as
ultrasonic echo ranging (sonar), medical diagnostic ultrasound and nondestructive testing
system devices.

11.2 DC Motor

11-2

MG
? MOTOR_IDEAL

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. The excitation type of the
component is determined by the interconnection of the terminals between field windings
(terminas 1 and 2) and armature windings (terminals 3 and 4).

To excitethe DC motor in parallel, connect the positive terminal of aDC sourceto terminals 2
and 4; then connect the negative terminals of the DC sourceto terminals 1 and 3. To excite the
DC motor in series, connect terminal 2 to terminal 3 (use a connector); then connect the
positive terminal of a DC source to terminal 4 and connect the negative terminal of the DC
sourceto terminal 1. To excite the DC motor separately, connect a DC source to terminals 2
and 1 (positive and negative, respectively); then connect another DC sourceto terminals 4 and
3 (positive and negative, respectively).

Terminal 5 isthe DC motor’s output. The output is the motor’s rpm value.

To display thisvalue:

» attach avoltmeter to terminal 5 (connect the other side of the voltmeter to ground) and
simulate

or

 attach the oscilloscope to terminal 5 and simulate (the rpm value is the voltage that
appears)

or

» attach a connector to terminal 5, then choose an appropriate analysis from the Analysis
menu (for example, if you choose Analysis’'DC Operating Point, the rpm valueisthe
voltage at the connector).

This component connects the electrical and mechanical parts of a servo-system. Input to the
motor is electrical while output is mechanical.
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11.2.1 Characteristic Equations

The characteristic equations of anideal DC motor are given by:

di .
2+ K O d w
dt m D m

Va = Ralja+ La

di,
Vs = Rfo+ Lfa

dw
m _ L
J o +B;w, + T = KOOI,
where
Wy, = rotational speed
Km = EMF constant
Vg = armature voltage
\ = field voltage

Other terms are defined in “DC Motor Parameters and Defaults”.
The EMF constant K, is determined by:

« Va1 (R,
m DZn* n
I N N
60
where
VfN .
Iy = R for separately excited DC motor
f
Viw _V.
| = — = N for parallel excited DC motor
Rf Rf
VfN . .
I = R =1 for series excited DC motor
f
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11.2.2 DC Motor Parameters and Defaults

Symbol Parameter Name Default Unit

Ra Armature resistance 1.1 Q

La Armature inductance 0.001 H

Rf Field resistance 128 Q

Lf Field inductance 0.001 H

Bf Shaft friction 0.01 N m.s/rad
J Machine rotational inertia 0.01 N.m.s¥rad
nn Rated rotational speed 1800 RPM
Van Rated armature voltage 115 \%

lan Rated armature current 8.8 A

Vin Rated field voltage 115 \%

Tl Load torque 0.0 N.m

11.3 Optocoupler

U1
4N25

An optocoupler is adevice that uses light to couple asignal from itsinput (a photoemitter) to
its output (a photodetector).

A typical optocoupler can be found in asix-pin dual in-line package (D1P) containing both an
LED and a photodetector, and a transistor Darlington pair or SCR. The wavelength response
of each deviceis structured to be as identical as possible to permit the highest measure of
coupling possible.
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11.4 Vacuum Tube

w1B

@‘12)&"7

This component behaves as a three-electrode tube consisting of an anode, cathode and plate
electrode. It is often used as an amplifier in audio applications.

The vacuum tube is a voltage controlled current device, very similar in operation to an N
channel FET.

Asfor an FET, the gain of the tube is referred to as transconductance and is defined as the
change in plate current resulting from a change in grid to cathode voltage

gm = (change in plate current) / (change in grid to cathode voltage)

11.4.1 Characteristic Equations

The DC characteristic of the triode vacuum tube is modeled by atwo-dimensional voltage-
controlled current:

3

K(HDVg+ Vi )2 for f0Vg# V2 0
0 for ulV,+ V<0

3

(IUD‘/gk+ Vpk)E

Other items are defined in “ Triode Vacuum Tube Parameters and Defaults’.
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11.4.2 Model

The dynamic characteristic of the triode vacuum tube is modeled by its DC characteristic with

three capacitances (Cgk, Cpk, and Cgp) which are associated interelectrodes.

11.4.3 Triode Vacuum Tube Parameters and Defaults

Symbol Parameter name Default Unit
Vpk Plate-cathode voltage 250 \%
Vgk Grid-cathode voltage -20 \%

Ip Plate current 0.01 A

m Amplification factor 10

Cgk Grid-cathode capacitance 2e-12 F
Cpk Plate-cathode capacitance 2e-12 F
Cgp Grid-plate capacitance 2e-12 F

11.5 Voltage Reference

11-6

1
ADSS4JH

The output voltage of the Zener reference diode is set at approximately 6.9 V and requires a
high voltage supply. The band-gap voltage reference diode has a significant advantage over
the Zener reference diode in that it is capable of alower minimum operating current and has a

sharper knee.

The band-gap reference relies on matched transistors and is therefore easily integrated along
with biasing, buffer and amplifier circuitry to give a complete reference diode.

The LM285/LM 385 series are examples of micropower two-terminal band-gap voltage
reference diodes. These devices are designed to operate over awide current range of 10 LA to

20 mA.
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The features of these devices include exceptionally low dynamic impedance, low noise, and
stable operation over time and temperature. The low operating current make these devices
suitable for micropower circuitry, such as portable instrumentation, regulators and other
analog circuitry that requires extended battery life.

Note Many types of two-terminal 1.2 V voltage reference diodes offer the same performance,
but are not all directly interchangeable. Minor differencesin regulation voltage and in
alowable or required capacitive loading may affect acircuit.

11.6 Voltage Regulator

U1

“reg
—IN  out|—

Thelinear IC voltage regulator is a device used to hold the output voltage from a dc power
supply relatively constant over awide range of line and load variations. Most commonly used
IC voltage regulators are three-terminal devices.

There are four types of 1C voltage regulators: fixed positive, fixed negative, adjustable, and
dual tracking. The fixed-positive and fixed-negative | C voltage regulators are designed to
provide specific output voltages. The adjustable regulator can be adjusted to provide any dc
output voltage within two specified limits. The dual-tracking regulator provides equal positive
and negative output voltages.

The regulator input-voltage polarity must match the device's rated output polarity regardless
of the type of regulator used.

IC voltage regulators are series regulators, that is, they contain internal pass transistors and
transistor control components. The internal circuitry of an IC voltage regulator is similar to
that of the series feedback regulator.

Lk103H
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11.6.1 Input/Output Voltage Differential Rating

The input/output voltage differential rating shows the maximum difference between Vi, and
Vot that can occur without damaging an |1C voltage regulator.

The differential voltage rating can be used to determine the maximum allowable value of Vi,
asfollows:

Vin(max) = Yout(adj) * Vd

where
Vin(max) =  the maximum allowable unrectified dc input voltage
Vout(adj) = the adjusted output voltage of the regulator
Vy = the input/output voltage differential rating of the

regulator

11.7 Voltage Suppressor

11-8

1A
G T

The voltage suppressor diode is a Zener diode that is capable of handling high surges. Itis
used as afiltering device to protect voltage-sensitive electronic devices from high energy
voltage transients.

The voltage suppressor diode is connected across the AC power input line to a DC power
supply. It contains two zener diodes that are connected back-to-back, making the voltage
suppressor diode bi-directional. This characteristic enables it to operate in either direction to
monitor under-voltage dips and over-voltage spikes of the AC input. It protects the power
supply from surges by shorting out any voltages greater than the V, (Zener voltage) ratings of
the diodes.

The voltage suppressor diode must also have extremely high power dissipation ratings
because most AC power line surges contain arelatively high amount of power, in the
hundreds of watts or higher. It must also be able to turn on rapidly to prevent damage to the
power supply.
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In DC applications, asingle unidirectional voltage suppressor can be used instead of a bi-

directional voltage suppressor. It is connected in shunt with the DC input and reverse biased
(cathode to positive DC).

11.8 Boost Converter

Al

BOOST
S00H 100hm S0Hz

This component is an averaging circuit model that models the averaging behavior of a step-up
DC-to-DC switching converter. It is based on a unified behavioral model topology. The
topology models both small-signal and large-signal characteristics of this converter power
stage. The model can be used to simulate DC, AC and large-signal transient responses of
switched-mode power supplies operating in both the continuous and discontinuous inductor
current conduction modes (CCM and DCM, respectively).

11.8.1 Characteristic Equations

The averaging DC and large-signal characteristics of a Boost converter are given by the
following sets of equations:

li=lw+lw =1

D2
D+D2

D2

D+D2DIL

lo= (|LL+|LD):
inwhich I | isgoverned by:
m :% [[DOV- Da(Vo- Vi) et

where D = duty ratio of the switching device.
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For the DCM:

D2 = DDV—I
Vo-Vi
Vi=0
D(D + D)

Ilp = ———[Vi
2010 Fs

For the critical condition between the CCM and the DCM of operations:

D2=1-D
1
ILp = lerit =VilDO———
200 Fs
For the CCM:
D-=1-D

VL= DiVi = D2V o - Vi
IL =Tt + I

The averaging behavior governed by the above equationsis modeled using the built-in
Multisim analog behaviora modeling components. The AC small-signal model is
automatically computed inside the program.

11.8.2 Boost Converter Parameters and Defaults

Symbol Parameter Name Default Unit
L Filter inductance 500 UH

R Filter inductor ESR 10 mQ
Fs Switching frequency 50 kHz
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11.9 Buck Converter

A

S00H S0hm S0Hz

This component is an averaging circuit model that models the averaging behavior of a step-
down DC-to-DC switching converter. It is based on aunified behavioral model topology. The
topology models both small-signal and large-signal characteristics of this converter power
stage. The model can be used to simulate DC, AC and large-signal transient responses of

switched-mode power supplies, operating in both the continuous and discontinuous inductor
current conduction modes (CCM and DCM, respectively).

11.9.1 Characteristic Equations

The averaging DC and large-signal characteristics of a Buck converter are given by the
following sets of equations:

D D

. = I+ 1,.,)=——10
i D+D2E( wt o) D+D, L
lo==(l +1p) =1,

inwhich I isgoverned by:

1
=T [[DV -V,) ~D,v;] et

where D = duty ratio of the switching device.

For the DCM:
D:=DY _V°
Vo
Vi=0
lio = D(Vi Vo) 272
20U Fs
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For the critical condition between the CCM and DCM of operation:

D,=1-D
o = 1o :u
20 F
For the CCM:
D,=1-D
V., =D, _Vo) -D, Y,

IL=|Lcrit+|LL

The averaging behavior governed by the above equationsis modeled using the built-in
Multisim analog behaviora modeling components. The AC small-signal model is
automatically computed inside the program.

11.9.2 Buck Converter Parameters and Defaults

Symbol Parameter Name Default Unit
L Filter inductance 500 uH

R Filter inductor ESR 5 mQ
Fs Switching frequency 50 kHz

11.10 Buck Boost Converter

A
EBLCK-
BOOST
S00H 100hm SHz

This component is an averaging circuit model that models the averaging behavior of a DC-to-
DC switching converter. It is based on a unified behavioral model topology. The topology
models both small-signal and large-signal characteristics of this converter power stage. This
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behavioral model can be used to simulate DC, AC and large-signal transient responses of a
variety of switched-mode power supplies, operating in both the continuous and discontinuous
inductor current condition modes (DCM and CCM, respectively).

11.10.1Characteristic Equations

D D
I = I+ 1,,)=——0
i D+D2EK wt o) D+D, L
D D
I, = 2 [+ 15)= 2]l
o D+D2EK wt o) D+D, L

inwhich I, isgoverned by:
1
L, —IHDD/i— DLV, dt

where D = duty ratio of the switching devices.
For the DCM:

@:Dﬁ
VO
V, =0
| Db0v(D+ D)
o 2010 F,

For the critical condition between the CCM and the DCM of operation:

D,=1-D
DLV,

"o =l om0 E
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For the CCM:
D,=1-D
VvV, =DLV,- D,OV,
I, =1t

The averaging behavior governed by these equations is modeled using Multisim'’s built-in
analog behavioral modeling components. The AC small-signal model is automatically

computed.

11.10.2Buck-Boost Converter Parameters and Defaults

Symbol Parameter Name Default Unit
L Filter inductance 500 uH

R Filter inductor ESR 5 mw
Fs Switching frequency | 50 kHz

11.11 Fuse

11-14

i3]

N\ _o—

0.5_AMF

Thisis aresistive 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. |, can have any value from mA to kKA.

The fuse is modeled by aresistor, R.
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11.11.1 Characteristic Equations

R=0 if ia<lImax
R =0 if ia>lImax
where
iy = current through the fuse, in amperes

lhnax =  maximum current rating of the fuse, in amperes.

For AC circuits, | is the peak value of the current, not its RMS value.

11.11.2 Fuse Parameters and Defaults

Symbol Parameter Name | Default Unit

Imax Maximum current 1 A

11.12 Lossy Transmission Line

Wi
A

1m0 Ohrm

This component is a 2-port network that represents a medium, such asawire or an
interconnect, through which electrical signals pass.

The lossy model also modelsresistive lossesin the line along with the characteristic
impedance and propagation delay properties of the transmission line.

Thisisatwo-part convolution model for single-conductor lossy transmission lines. The
uniform constant-parameter distributed transmission line model can be used to model the
following types of lines:

* RLC (uniform transmission lines with series |oss only)

Multisim 8 Component Reference Guide 11-15



Misc. Components

*  RC (uniform RC lines)
* LC (losslesstransmission lines)
* RG (distributed series and parallel conductance).

11.12.1 Model

The characteristic of alossy transmission line is modeled by the Telegrapher Equations:

=12 +Ri)
X &
4. —(Cﬂ +Gv)
X a

with the following boundary and initial conditions:

von = (), vy = V(Y
iy = i), iy = -i(t)
VX0 = v, (0 = i)

where the transmission line stretches from x coordinates O to |

| = line length

V(x,1) = voltage at point x at time t

i(x,t) = currentin the positive x direction at x at time t
v (0,t) = voltage at point O at time t

i(01) = currentin the positive x direction at O at time t
v (x,0) = voltage at point x at time 0

i (x,0) = currentin the positive x direction at x at time 0.

The set of equationsisfirst transformed into a pair of coupled ordinary differential equations
in x and s using the Laplace transformation. The equations are then reformulated for
numerical convolution. Finally, inverse Laplace transforms are taken to return them to the
time-domain form.
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11.12.2Lossy Transmission Line Model Parameters and

Defaults

Symbol Parameter Name Default Unit
Len Length of the transmission line | 100 m
Rt Resistance per unit length 0.1 Q

Lt Inductance per unit length 1le-06 H
Ct Capacitance per unit length le-12 F
Gt Conductance per unit length le-12 mho
REL Breakpoint control 1

ABS Breakpoint control 1

Note A lossy transmission line with zero loss can be used to model the lossless transmission

line, and may be more accurate.

11.13 Lossless Line Type 1

Wi

100 Ok 4e-008 =

This component is a 2-port network that represents a medium, such asawire or an

interconnect, through which electrical signals pass.

The lossless model isan ideal one that simulates only the characteristic impedance and
propagation delay properties of the transmission line. The characteristic impedance is
resistive and is equal to the square-root of L/C.

Note A lossy transmission line with zero loss can be used to model the lossless transmission

line, and may be more accurate.
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11.13.1Model

A lossless transmission lineisan LC model.

The values of L and C are given by:

td
ct ==
4
It = tdliz
where
ct =  capacitance per unit length
It = inductance per unit length
td =  propagation time delay
z = nominal impedance

The propagation time-delay may be calculated from the data-books as follows:

Vp =Vf [t
where
length = length of the line
Vp =  velocity of propagation
Vi =  velocity-factor
c =  speed of light

11-18
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11.13.2Lossless Transmission Line Model Parameters
and Defaults

Symbol Parameter Name Default Unit
Z0 Nominal impedance 100 Q
Td Propagation time delay 1le-09 s

11.13.3Lossless Line Type 2

W

A00 Okrn 1e+006 Hz

This component is similar to lossless line type 1.

11.14 Net

Thisisatemplate for building amodel. It allows you to input a netlist, using from 2 to 20
pins.

11.15 Filters

WOD
IR ouT =

CiOhd
o

SHOR
CLK
GHD

|3 MAXT400_DIPS

A number of filters are included that have symbols for layout purposes. These have footprint,
but no model information.
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11.16 Miscellaneous Components

|9

VOC_ANA,
21 e Lha_ouT 48
28 25
FGA_IN+  FGA_OUT+
I FGaTn-  FGaloUT- 25
% VG ve;x_oun%
Bl veeIne  veaZour- 31
Flad
GND

| LR 2T 40ECH

The MISC family contains footprint information for a number of components, for example,
the Integrated GPS Receiver/Synthesizer shown here.

Model datais not provided.

11.17 PWM Controllers

EiT

-
WIR

28

M/ EH

bE b b

HD

i MAX1966_SO8

Thisfamily contains footprint information for a number of components. Model datais not
provided.
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11.18 Miscellaneous Power

|1? |14 |1z

Wi4 WS  WBOOT
L 1ma mrrLs
= s OUTLE
- Hia s (L
- 1w mrTiE (-
T . wrp 4lL
T ey
—{ SEMSEA
—i— SENIEE

3]

|- |¢ |5 e L6205 DIPZD

This family contains footprint information for a number of components. Model datais not
provided.

11.19 Power Supply Controller

This family contains footprint information for a number of components. Model datais not
provided.

11.20 MOSFET Driver

This family contains footprint information for a number of components. Model datais not
provided.

11.21 Filters

This family contains footprint information for a number of components. Model datais not
provided.
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Chapter 12
RF Components

RF components are not available in al editions of Multisim.

12.1 RF Capacitor

]

=

SAMPLE

RF capacitors at RF frequencies show behaviors different from the regular capacitors at low
frequencies. RF capacitors at RF frequencies act as a combination of a number of
transmission lines, waveguides, discontinuities, and dielectrics. The dielectric layers are
usually very thin (typically 0.2 Mum). The egquations governing these types of capacitors
follow those of transmission lines; therefore, each RF capacitor is described by inductance per
unit length, resistance per unit length, shunt capacitance per unit length, and shunt
conductance per unit length. Depending on the type of the technology used, practical
capacitance values are in the range between several picofarads and several nanofarads. These
capacitors are used for coupling or bypassing for frequencies up to approximately 20 GHz.

Onetype of RF capacitor is called an interdigital capacitor. Both conductors of the capacitor
arein the same plane, which isthe top surface of the dielectric substrate used. Each conductor,
or external node of the capacitor, is structured by connecting a number of transmission linesin
paralel. In other words, the planar structure uses N thin parallel conducting strips of length L,
linked alternately to one or other two strips of length W running perpendicularly alongside
them, and the whol e structure is deposited on a substrate, often of alumina. Capacitors of this
type capacitors appear to be lumped up to 3 GHz and values from 0.1 to 10 pF can be
achieved. However, because of their structure, they require arelatively large area.
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12.2 RF Inductor

12.3

12-2

L1

©r

SAMPLE

From many types of RF inductors, spiral inductors provide higher inductance values and
higher Qs. The spiral inductor is atechnique of forming a planar inductor in asmall place.
The shape is described by an increasing radius with angle: i.e. R=r/l + k@

The equivalent circuit isacombination of seriesresistor (due to skin effect) and inductor, and
shunt capacitors (due to the distance between the surface which embraces the conductor, and
the ground plane). The quality of the inductor, usually noted as Q, is higher for spiral
inductors than those of other types of inductors, such as the rectangular spiral.

RF Bipolar Transistors

Q1
EFG134

Basic operation of an RF bipolar transistor isidentical to that of transistors designed for low
frequencies. RF transistors, however, have a higher maximum operating frequency (W,),
depending on base and collector transit and charging times. To achieve this, the physical size
of emitter/base/collector areas at the layout level are minimized. However, reduction in the
base areais limited by the technology used to fabricate the transistor. Reduction in the
collector areais limited by the maximum tolerable voltage at the collector terminal. To
achieve maximum power output, the emitter periphery area should be as large as possible.
Because of these limitations, aspecia structurefor bipolar transistorsisused. This structureis
commonly referred to as an interdigital bipolar transistor.
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12.4 RF MOS_3TDN

@1
J F4007

RF FETs have a different type of carrier than bipolar transistors. Only the majority carriers
selected for FET should have better transport properties (such as high mobility, velocity,
diffusion coefficient). For this reason, RF FETs are fabricated on n-type materials since
electrons have better properties.

The two most important parameters are the gate length and width. A reduction in the gate
length will improve the gain, noise figure and frequency of operation. Increasing the gate
width will increase the RF power capability. That iswhy typical power FETs have multiple
gate fingers, interconnected via air bridges, with atotal width of about 400 to 1000 pm.

The model parameters for RF FET transistors can be obtained using measured datafor DC
and RF S-parameters. The equivalent circuit model should have ailmost identical DC and RF
S-parameters.

12.5 Tunnel Diode

o1

”

ANZT12

A tunnel diode is a heavily doped diode that is used in high-frequency communications
circuits for applications such as amplifiers, oscillators, modulators, and demodulators. The
unique operating curve of the tunnel diode is aresult of the heavy doping used in the
manufacturing of the diode. The tunnel diode is doped about one thousand times as heavily as
standard pn-junction diode.

Thetunnel diodeisdifferent from any other diode because of its negative-resistanceregion. In
this area, forward voltage and current are inversely proportional. For example, an increasein
forward voltage would result in areduction in diode current.

A tunnel diode can also be used to generate a sinusoidal voltage using a DC supply and afew
passive elements.
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12.6 Strip Line

12-4

U1

AN

SAMPLE_BEND

Stripline is one of the most commonly used transmission lines at microwave frequencies.
Stripline is coined for ground-conductor-ground transmission line with adielectric (normally
air) in between. Due to the multiplicity of the circuit functions, substrate, technologies, and
frequency bands, there is awide range of stripline conductors. For example, microstrip lines
are aspecial type of stripline where the upper ground is placed at infinity. Depending on the
position of the stripline conductors, the shape of the conductor, and the thickness of the
conductor, the equations governing the behavior of one stripline to another differ. For
example, the centered stripline (often called Tri-Plate line), is a stripline where the
conductance is placed symmetrically in each position (from top, bottom, left, and right).
Another example is the Zero-Thickness stripline which is a very good approximation for
striplines in which the thickness of the conductor is negligible compared to the distanceiit has
from the ground planes.

Electronics Workbench



Chapter 13
Electromechanical Components

13.1 Switches

51
_0?
Key = Space

Switches can be closed or opened (turned on or off) by pressing akey on the keyboard. You
specify the key that controls the switch by typing its namein the Value tab of the component’s
Properties screen. For example, if you want the switch to close or open when the spacebar is
pressed, type space in the Value tab, then click OK.

A list of possible key namesis shown below:

To use... Type
letters a to z the letter
(e.g-a)
Enter enter
spacebar space
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13.2 Supplementary Contacts

—ol lo_
_0(40\]_

Key = Space

This component Family contains a variety of electromechanical switches.

13.3 Momentary Switches

\l/

_O\_
—o o o | e
— o —
Key = Space Key = Space

Press the switch’'s key during simulation to make the switch toggle positions.

13.4 Line Transformer

™

_g AlR_CORE_INDUCTOR

Line Transformers are simplified transformers intended for power applications where the
primary coilsis connected to either 120 or 220 VAC. They will perform step up or step down
functions plus several specialized functions of voltage and current measurement.
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Coils, Relays

13.5 Colls, Relays

=1

_|J CONTROL_1A

Multisim includes the following coils and relays:

e motor starter coil

» forward or fast starter coil
* reverse starter coil

» dow starter coil

« control relay

e timedelay relay.

13.6 Timed Contacts

—()—
—OI'O—

Key = Space

Multisim includes the following timed contacts:

« normally open timed closed
« normally open timed closed.
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13.7 Protection Devices

s1

N _p-

FUSE

Multisim includes the following protection devices

o fuse

» overload

» overload thermal

» overload magnetic

» ladder logic overload

13.8 Output Devices

51

—{m ]—

HEATER

Multisim includes the following output devices:

* lightindicator

* motor

* DC motor armature
» 3 phase motor

* heater
e LED indicator
» solenoid.

13-4
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Push Buttons

13.9 Push Buttons

13.10

13.11

Multisim includes the following push button switches:

« N.O.

« N.C

¢ N.O. & N.C. (double circuit)

* mushroom head

» wobble stick

e illuminated.

Push button switches are momentary switches which need to be activated only for the
duration during which the user manually acts on them.

Pilot Lights

Multisim includes the following pilot lights:
e non push-to-test
e push-to-test.

Terminals

Multisim includes the following terminals:

e power terminals

» control terminals N.O.
» control terminals N.C.
e coil terminals.
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Index

Numerics

10-to-4 Priority Enc 6-17

12-In NAND w/3-state Out 6-13
12-stage Binary Counter 7-33
13-In NAND 6-13

13-input Checker/Generator 7-62
14-stage Bin Counter 7-21
1-0f-10 Dec 7-26

1-of-16 Data Sel/MUX 6-18

1-0f-16 Dec/DEMUX w/Input latches
4514 7-57
4515 7-58

1-of-8 Data Sel/MUX 6-19

2-bit Bin Full Adder 6-89

2-wide 4-In AND-OR-INVERTER 6-82
3 3-Input AND 6-18

3-t0-8 Dec 6-14

3-t0-8 line Dec/DEMUX 6-42

4000 series functions See functions
4000 series ICs 7-2

4-BCD to 10-Decimal Dec 6-70
4-bit BCD Down Counter 7-61
4-bit Bidirect Univ. Shift Reg 6-38

4-bit Bin Counter 7-13
40161 7-12
40193 7-19

4-bit Bin Down Counter 7-61
4-bit Bin Full Add 6-55

4-bit Bin Full Adder 6-93

4-bit Bin/BCD Dec Counter 7-27

4-bit Binary Counter
74xx293 6-56
74xx93 6-97

4-bit Binary Full Adder 7-5
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4-bit Bistable Latches
74xx375 6-64
74xx75 6-86
T4xxX77 6-87

4-bit Cascadable Shift Reg w/3-state Out 6-69

4-bit Comparator 7-69

4-bit Dec Counter

40160 7-11

40162 7-13

40192 7-19
4-bit D-type Reg w/3-state Out 6-30
4-bit Mag COMP 6-94
4-bit Parallel-Access Shift Reg 6-38
4-bit Shift Register

40194 7-20

40195 7-20
4035 7-29

4-bit Shifter w/3-state Out 6-58
4-t0-16 Dec/DEMUX 6-20

4-t0-16 Dec/DEMUX (OC) 6-23
4-Wide 2-In AND-OR-INVERTER 7-49
4-wide AND-OR-INVERTER 6-81

5-stage Johnson Counter
4017 7-14
4018 7-17

74xx series functions See functions
7-stage Binary Counter 7-23
8-Bit Bist Latch 6-7

8-bit Latch
4099 7-51
74xx259 6-52

8-bit Parallel-Out Serial Shift Reg 6-28
8-bit Priority Enc 7-63

8-bit Shift Reg 6-95

8-bit Shift Reg (sh/Id ctrl) 6-40



8-bit Shift Reg (shl/shr ctrl) 6-39
8-bit Static Shift Reg 7-9

8-bit Static Shift Register 7-21
8-In MUX w/3-state Out 7-55

8-In NAND
4068 7-38
74xx30 6-57

8-In NOR 7-44

8-stage Serial Shift Register 7-50

8-to0-3 Priority Enc 6-17

9-bit Odd/even Par GEN 6-31

9-bit odd/even parity generator/checker 6-55

A

AC current source 1-5
AC frequency model
capacitors 2-7
inductors 2-10
AC model 4-9
AC small-signal model
bipolar junction transistors 4-5
diac 3-15
diodes 3-4
MOSFET 4-14
SCR 3-14
AC voltage source 1-4
ADC DAC 9-1
Alu/Function Generator 6-32
AM source. See amplitude modulation source
ammeter
about 10-2
connecting 10-2
mode 10-2
resistance 10-2
amplifiers, wide bandwidth 5-11
amplitude modulation source 1-5
analog components

bipolar junction transistors (see also bipolar

junction transistors) 4-1

BJT arrays (see also BJT arrays) 4-10

comparator 5-9

Darlington connection (see also Darlington
connection) 4-8

diac (see also diac) 3-14

diodes (see also diodes) 3-1

DMOS transistor 4-21

full-wave bridge rectifier (see also full-wave
bridge rectifier) 3-10

GaAsFET (see also GaAsFET) 4-21

IGBT-IGBT 4-23

LED (Light-Emitting Diode) (see also LED)
3-8

MOSFET (see also MOSFET) 4-12

Norton opamps 5-8

opamps (see also opamps) 5-1

optocoupler 11-4

PIN diode 3-5

Schottky diode 3-12

SCR (Silicon-Controlled Rectifier) (see also
SCR) 3-12

triac 3-16

triode vacuum tube (see also triode vacuum
tube) 11-5

varactor diode 3-18

voltage reference 11-6

voltage regulator 11-7

voltage suppressor 11-8

voltage-controlled analog 9-2

wide bandwith amplifiers 5-11

zener diode (see also zener diode) 3-6

analog switch 9-2

AND-gated JK MS-SLV FF (pre, clr) 6-84
AND-OR-INVERTER 6-79

arrays, BJT 4-10

B
bargraph, about 10-7
battery 1-2

Electronics Workbench



BCD up/down Counter 7-53
BCD-to-Decimal Dec
74xx145 6-16
74xx445 6-73
74xx45 6-74
BCD-to-seven segment dec
74xx246 6-44
T74xx247 6-45
74xx248 6-46
74xx249 6-48
74xx46 6-74
74xx47 6-76
74xx48 6-78

BCD-to-seven segment latch/dec
4511 7-54
4544 7-66
BCD-to-seven segment latch/dec/driver 7-64
Binary up/down Counter 7-59
bipolar junction transistors
about 4-1
AC small-signal model 4-5
characteristic equations 4-2
parameters and defaults 4-6
time-domain model 4-4
BJT arrays
about 4-10
general-purpose high-current N-P-N
transistor array 4-11
general-purpose P-N-P transistor array 4-
10
N-P-N/P-N-P transistor array 4-11
BJT. See bipolar junction transistors
BJT_NRES 4-8
boost converter 11-9
buck boost converter 11-12
buck converter 11-11

buzzer, about 10-8
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C
capacitor virtual 2-8
capacitors
about 2-5
AC frequency model 2-7
DC model 2-6
equations 2-6
RF 12-1
time-domain model 2-6
clock 1-9
coil, types of 13-3
comparator
about 5-9

parameters and defaults 5-11

COMS components
TinyLogic_2V 7-70
connecting
ammeter 10-2
voltmeter 10-2

connectors 2-1

control functions
current limiter block (see also current limiter
block) 1-45
differentiator (see also differentiator) 1-38
divider (see also divider) 1-31
integrator (see also integrator) 1-40
limiter (see also limiter) 1-44
multiplier (see also multiplier) 1-29
three-way summer 1-52
transfer function block (see also transfer
function block) 1-34
voltage gain block
voltage hysteresis block 1-42
voltage slew rate block 1-50
voltage-controlled limiter 1-48
controlled one-shot 1-27
coreless coil 2-20
crystal 11-1

current limiter block



about 1-45

parameters and defaults 1-47
current-controlled current source 1-10
current-controlled voltage source 1-9

customizing
nonlinear transformer 2-12

D

Darlington connection
about 4-8
AC model 4-9
DC bias model 4-9
Data Sel/MUX 6-19
Data Sel/MUX w/3-state Out 6-49
DC bias model 4-9
DC current source 1-4
DC model
capacitors 2-6
diac 3-15
diodes 3-2
inductors 2-9
MOSFET 4-13
zener diode 3-6
DC voltage source 1-2
Decade Counter 6-55, 6-95
depletion MOSFET 4-12
diac
about 3-14
AC small-signal model 3-15
DC model 3-15
parameters and defaults 3-16
time-domain model 3-15
differentiator
about 1-38
equations 1-40
parameters and defaults 1-40
sine wave 1-38
square wave 1-39
triangle waveform 1-38

digital ground 1-2

diodes 3-1
AC small-signal model 3-4
DC model 3-2

parameters and defaults 3-4

time-domain model 3-3
Divide-by-twelve Counter 6-96
divider

about 1-31

equations 1-33

parameters and defaults 1-33
DMOS transistor 4-21
Dual 1-of-4 Dec/DEMUX

4555 7-67

4556 7-68
Dual 2-t0-4 Dec/DEMUX

74xx139 6-15

74xx155 6-21

Dual 2-to-4 Dec/DEMUX (OC) 6-22

Dual 2-Wide 2-In AND-OR-INVERTER 7-47

Dual 3-In NOR and INVERTER 7-3

Dual 4-bit Binary Counter
74xx393 6-68
74xx69 6-84

Dual 4-bit latch 7-52
Dual 4-bit latches (clr) 6-11
Dual 4-bit Static Shift Reg 7-10

Dual 4-In AND
4082 7-46
74xx21 6-41

Dual 4-In NAND
4012 7-7
74xx20 6-41
74xx40 6-69

Dual 4-In NAND (OC) 6-42
Dual 4-In NOR 7-4

Dual 4-In NOR w/Strobe 6-49
Dual 4-In OR 7-40
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Dual 4-input Multiplexer 7-64

Dual 4-to-1 Data Sel/MUX
74xx153 6-20
74xx352 6-59

Dual 4-to-1 Data Sel/MUX w/3-state Out
74xx253 6-50
74xx353 6-60
Dual BCD Counter 7-59
Dual Binary Counter 7-60
Dual Com Pair/lnv 7-4
Dual Data Sel/MUX w/3-state Out 6-59
Dual Div-by-2, Div-by-5 Counter 6-66
Dual D-type FF
(+edge) 7-8
(pre, clr) 6-85
Dual JK FF
(+edge, pre, clr) 4027 7-25
(+edge, pre, clr) 74xx109 6-8
(clr) 74xx107 6-7
(clr) 74xx73 6-85
(-edge, pre, clr) 6-9
(-edge, pre, com clk & clr) 6-10
(pre, clr) 6-86
(pre, com clk & clr) 6-87
Dual JK MS-SLV FF (-edge, pre) 6-10

E
enhancement MOSFET 4-12

equations
bipolar junction transistors 4-2
capacitors 2-6
differentiator 1-40
divider 1-33
full-wave bridge rectifier 3-10
GaAsFET 4-22
inductors 2-9
integrator 1-41
limiter 1-45
linear transformer 2-11
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multiplier 1-31

relay 2-15

resistors 2-4

three-way summer 1-53
transfer function block 1-34
triode vacuum tube 11-5
voltage gain block 1-37

Exc-3-Gray-to-Decimal Dec 6-72
Exc-3-to-Decimal Dec 6-71

exp. current source 1-26

exp. voltage source 1-24

F

FM source. See frequency modulated source
frequency modulated source 1-6
frequency shift key modulated source 1-8

FSK source. See frequency shift key modulated
source

full-wave bridge rectifier
about 3-10
characteristic equation 3-10
model 3-10
parameters and defaults 3-11
functions
4000 7-3
4001 7-3
4002 7-4
4007 7-4
4008 7-5
4010 7-6
40106 7-6
4011 7-7
4012 7-7
4013 7-8
4014 7-9
4015 7-10
40160 7-11
40161 7-12
40162 7-13
40163 7-13



Vi

4017 7-14
40174 7-15
40175 7-16
4018 7-17
4019 7-18
40192 7-19
40193 7-19
40194 7-20
40195 7-20
4020 7-21
4021 7-21
4023 7-22
4024 7-23
40240 7-23
40244 7-24
40245 7-24
4025 7-24
4027 7-25
4028 7-26
4029 7-27
4030 7-28
4032 7-29
4035 7-29
40373 7-31
40374 7-32
4038 7-32
4040 7-33
4041 7-33
4042 7-34
4043 7-35
4044 7-35
4049 7-36
4050 7-36
4066 7-37
4068 7-38
4069 7-38
4070 7-39
4071 7-39
4072 7-40
4073 7-41
4075 7-42
4076 7-43

4077
4078
4081
4082
4085
4086
4093
4094
4099
4502
4503
4508
4510
4511
4512
4514
4515
4516
4518
4519
4520
4522
4526
4531
4532
4539
4543
4544
4555
4556
4585

7-43
7-44
7-45
7-46
7-47
7-49
7-49
7-50
7-51
7-51
7-52
7-52
7-53
7-54
7-55
7-57
7-58
7-59
7-59
7-60
7-60
7-61
7-61
7-62
7-63
7-64
7-64
7-66
7-67
7-68
7-69

74xx00 6-2
74xx01 6-3
74xx02 6-3
74xx03 6-3
74xx04 6-4
74xxX05 6-4
74xxX06 6-5
74xxX07 6-5
74xx08 6-5
74xx09 6-6
74xx10 6-6
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74xx100 6-7
74xx107 6-7
74xx109 6-8
74xx11 6-8

74xx112 6-9
74xx113 6-10
74xx114 6-10
74xx116 6-11
74xx12 6-11
74xx125 6-12
74xx126 6-12
74xx132 6-13
74xx133 6-13
74xx134 6-13
74xx135 6-14
74xx136 6-14
74xx138 6-14
74xx139 6-15
74xx14 6-15
74xx145 6-16
74xx147 6-17
74xx148 6-17
74xx15 6-18
74xx150 6-18
74xx151 6-19
74xx152 6-19
74xx153 6-20
74xx154 6-20
74xx155 6-21
74xx156 6-22
74xx157 6-22
74xx158 6-23
74xx159 6-23
74xxX16 6-24
74xx160 6-25
74xx161 6-25
74xx162 6-26
74xx163 6-27
74xx164 6-28
74xx165 6-28
74xx166 6-29
74xx169 6-29
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74xx17 6-30
74xx173 6-30
74xx174 6-30
74xx175 6-31
74xx180 6-31
74xx181 6-32
74xx182 6-33
74xx190 6-35
74xx191 6-36
74xx192 6-36
74xx193 6-37
74xx194 6-38
74xx195 6-38
74xx198 6-39
74xx199 6-40
74xx20 6-41
74xx21 6-41
74xX22 6-42
74xx238 6-42
74xx240 6-43
74xx241 6-43
74xx244 6-43
74xx246 6-44
74xX247 6-45
74xx248 6-46
74xx249 6-48
74xx25 6-49
74xx251 6-49
74xx253 6-50
74xx257 6-51
74xx258 6-51
74xx259 6-52
74xX26 6-52
74xX266 6-52
74xx27 6-53
74xx273 6-54
74xx279 6-54
74xx28 6-54
74xx280 6-55
74xx283 6-55
74xx290 6-55
74xx293 6-56
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viii

74xx298 6-56
74xx30 6-57
74xx32 6-57
74xx33 6-58
74xx350 6-58
74xx351 6-59
74xx352 6-59
74xx353 6-60
74xx365 6-60
74xx366 6-61
74xx367 6-61
74xx368 6-62
74xx37 6-62
74xx373 6-63
74xx374 6-63
74xx375 6-64
74xx377 6-64
74xx378 6-65
74xx379 6-65
74xx38 6-65
74xx39 6-66
74xx390 6-66
74xx393 6-68
74xx395 6-69
74xx40 6-69
74xx42 6-70
74xx43 6-71
74xx44 6-72
74xx445 6-73
74xx45 6-74
74xx46 6-74
74xx465 6-76
74xx466 6-76
T4XX47 6-76
74xx48 6-78
74xx51 6-79
74xx54 6-81
74xx55 6-82
74xx69 6-84
74xX72 6-84
74xX73 6-85
74xX74 6-85

74XX75 6-86
74xX76 6-86
TAXX77 6-87
74xX78 6-87
74xx82 6-89
74xx83 6-93
74xx85 6-94
74xx86 6-94
74xx90 6-95
74xxX91 6-95
74xx92 6-96
74xx93 6-97

fuse 11-14

G

GaAsFET
about 4-21
equations 4-22
parameters and defaults 4-23
gain. See voltage gain block
gaussian white noise 1-55
general-purpose high-current N-P-N transistor
array 4-11
general-purpose P-N-P transistor array 4-10

generator
sine wave 1-11
square wave 1-9
triangle wave 1-15

ground 1-1

H

Hex BUFFER
4010 7-6
4050 7-36

Hex BUFFER (OC)
74xx07 6-5
74xx17 6-30

Hex Buffer/Driver w/3-state
74xx365 6-60
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74xx367 6-61
hex display
about 10-4
Hex D-type
Flip-flop 7-15
Hex D-type FF
(clr) 6-30
w/en 6-65
Hex INVERTER
(OC) 74xx05 6-4
(OC) 74xx16 6-24
(Schmitt) 40106 7-6
(Schmitt) 74xx14 6-15
4049 7-36
4069 7-38
74xx04 6-4
Buffer/Driver w/3-state, 74xx366 6-61
Buffer/Driver w/3-state, 74xx368 6-62
Hex INVERTER (OC) 6-5
hysteresis block
about 1-42
parameters and defaults 1-43

IBEW components
coils 13-3
output devices 13-4
pilot lights 13-5
protection devices 13-4
relays 13-3
switches 2-2
timed contacts 13-3
IGBT-IGBT 4-23
inductor virtual 2-10
inductors
about 2-8
AC frequency model 2-10
DC model 2-9
equations 2-9
time-domain model 2-9
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instruments
ammeter 10-2
bargraph 10-7
buzzer 10-8
hex display 10-4
lamp 10-3
probe 10-3
voltmeter 10-1

integrator
about 1-40
equations 1-41
parameters and defaults 1-42

J
JFET_N 4-18
johnson noise 1-55

L
lamp

about 10-3
LED

about 3-8

parameters and defaults 3-9
limiter

about 1-44

equations 1-45

parameters and defaults 1-45
line transformer 13-2
linear transformer

about 2-11

equations 2-11

parameters and defaults 2-12
Look-ahead Carry GEN 6-33
lossless line type 1 11-17
lossless line type 2 11-19
Lossless transmission line

parameters and default values 11-19

lossy transmission line 11-15



M

magnetic core 2-19
magnetic relay 2-14
misc. digital components
line driver 8-12
line receiver 8-12
line transceiver 8-13
VHDL 8-10
mode
ammeter 10-2
voltmeter 10-1
model
full-wave bridge rectifier 3-10
relay 2-14
SCR 3-13
triode vacuum tube 11-6
model parameters
opamps 5-1
mono stable 9-4
MOSFET
about 4-12
AC small-signal model 4-14
DC model 4-13
depletion 4-12
enhancement 4-12
parameters and defaults 4-15
time-domain model 4-14
motor 11-2
multiplier
about 1-29
equations 1-31
parameters and defaults 1-31

customizing 2-12
parameters and defaults 2-13
Norton opamps 5-8
N-P-N/P-N-P transistor array 4-11

O

Octal BUFFER w/3-state Out 6-43
74xx240 6-43
74xx244 6-43
74xx465 6-76
74xx466 6-76

Octal Bus Transceiver 7-24

Octal D-type
FF 6-54
FF (+edge) 6-63
FF w/en 6-64
Flip-flop 7-32
Transparent Latches 6-63

Octal Inv Buffer 7-23

Octal Non-inv Buffer 7-24

Octal Trans Latch 7-31

opamps
3-terminal

about 5-3
5-terminal

interstage 5-7

output stage 5-7
about 5-1
ideal model 5-1
model parameters 5-1

optocoupler 11-4

oscillator

Multivibrators 9-6 voltage-controlled sine wave 1-11

voltage-controlled square wave 1-13

N voltage-controlled triangle wave 1-15
net 11-19 output device, types of 13-4
nonlinear dependent source 1-26
nonlinear transformer P
about 2-12 Parallel-load 8-bit Shift Reg

X Electronics Workbench



74xx165 6-28
74xx166 6-29

parameters and defaults
bipolar junction transistors 4-6
comparator 5-11
current limiter block 1-47
diac 3-16
differentiator 1-40
diodes 3-4
divider 1-33
full-wave bridge rectifier 3-11
GaAsFET 4-23
integrator 1-42
LED 3-9
limiter 1-45
linear transformer 2-12
MOSFET 4-15
multipliers 1-31
nonlinear transformer 2-13
opamps 5-1
SCR 3-14
three-way summer 1-54
transfer function block 1-35
triode vacuum tube 11-6
voltage gain block 1-37
voltage hysteresis block 1-43
voltage slew rate block 1-51
voltage-controlled limiter 1-49
zener diode 3-7

passive components
capacitors (see also capacitors) 2-5
crystal 11-1
inductors (see also inductors) 2-8
linear transformer (see also linear
transformer) 2-11

nonlinear transformer (see also nonlinear

transformer) 2-12
relay (see also relay) 2-14
resistors (see also resistors) 2-3

piecewise linear current source 1-21
piecewise linear voltage source 1-18
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pilot light, types of 13-5
PIN diode 3-5

PLL 94

polynomial source 1-23
potentiometer 1-11, 2-17

probe
about 10-3

protection device, types of 13-4

pullup 2-18

pulse current source 1-23

pulse voltage source 1-21

push button switch 13-5

PWL source. See piecewise linear source

Q

Quad 2-In AND
(OC) 74xx09 6-6
4081 7-45
74xx08 6-5

Quad 2-in Exc-OR gate 6-14
Quad 2-In MUX 6-56, 7-18

Quad 2-In NAND
(Ls-OC) 74xx03 6-3
(OC) 74xx26 6-52
(OC) 74xx38 6-65
(OC) 74xx39 6-66
(Schmitt) 4093 7-49
(Schmitt) 74xx132 6-13
4011 7-7
74xx00 6-2
74xx01 6-3
74xx37 6-62

Quad 2-In NOR
(OC) 74xx33 6-58
4001 7-3
74xx02 6-3
74xx28 6-54

Quad 2-In OR
4071 7-39
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74xx32 6-57

Quad 2-In XNOR
(OC) 74xx266 6-52
4077 7-43

Quad 2-In XOR
4030 7-28
4070 7-39
74xx86 6-94
Quad 2-to-1 Data Sel/MUX 6-22, 6-23
Quad 2-to-1 line Data Sel/MUX
74xx257 6-51
74xx258 6-51

Quad Analog Switches 7-37
Quad bus BUFFER w/3-state Out 6-12
Quad D-latch 7-34
Quad D-type
FF (clr) 6-31
FF w/en 6-65
Flip-flop 7-16
Reg w/3-state Out 7-43
Quad Ex-OR/NOR Gate 6-14
Quad Multiplexer 7-60
Quad RS latch w/3-state Out 7-35
Quad SR latches 6-54
Quad True/Complement BUFFER 7-33

R
relay
about 2-14
equations 2-15
model 2-14
types of 13-3
resistance
about 2-4
ammeter 10-2
voltmeter 10-1
resistors
about 2-3
equations 2-4

Xii

virtual 2-5
RF BJT_NPN 12-2
RF capacitor 12-1
RF inductor 12-2
RF MOS_3TDN 12-3
rpack 2-18

S
Schottky diode 3-12

SCR
about 3-12
AC small-signal model 3-14
model 3-13
parameters and defaults 3-14
time-domain model 3-13

sensing switches 13-1
sine wave 1-38
sine wave generator 1-11

source
AC current 1-5
AC voltage 1-4
amplitude modulation 1-5
current-controlled current 1-10
current-controlled voltage 1-9
DC current 1-4
DC voltage 1-2
exp. current 1-26
exp. voltage 1-24
frequency modulated 1-6
frequency shift key modulated 1-8
nonlinear dependent 1-26
piecewise linear current 1-21
piecewise linear voltage source 1-18
polynomial 1-23
pulse current 1-23
pulse voltage 1-21
Vcc voltage 1-3
voltage-controlled current 1-10
voltage-controlled piecewise linear 1-16
voltage-controlled voltage 1-9
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square wave 1-39

square wave generator 1-9
strip line 12-4

Strobed hex INVERTER 7-51
summer, three-way 1-52

switch
push button 13-5
types of 2-2

Sync 4-bit Bin Counter 6-25

Sync 4-bit Bin Up/down Counter 6-37
Sync 4-bit Binary Counter 6-27

Sync 4-bit Decade Counter 6-26

Sync 4-bit Decade Counter (clr) 6-25
Sync 4-bit up/down Binary Counter 6-29
Sync 4-bit up/down Counter 6-36

Sync BCD Up/down Counter 6-35, 6-36

T

terminal, types of 13-5
thermal noise 1-55

three-way summer
about 1-52
equations 1-53
parameters and defaults 1-54

timed contact, types of 13-3

time-domain model
bipolar junction transistors 4-4
capacitors 2-6
diac 3-15
diodes 3-3
inductors 2-9
MOSFET 4-14
SCR 3-13
timer 9-3
transfer function block
about 1-34
equations 1-34
parameters and defaults 1-35
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transformer
linear 2-11
nonlinear 2-12

Tri 3-In AND
4073 7-41
74xx11 6-8

Tri 3-In NAND
(OC) 74xx12 6-11
4023 7-22
74xx10 6-6

Tri 3-In NOR
4025 7-24
74xX27 6-53

Tri 3-In OR 7-42

triac 3-16

triangle wave generator 1-15
triangle waveform 1-38

triode vacuum tube
about 11-5
equations 11-5
model 11-6
parameters and defaults 11-6

Triple Serial Adder
4032 7-29
4038 7-32

Tri-state hex BUFFER w/Strobe 7-52
TTL components 6-1
tunnel diode 12-3

Vv

varactor diode 3-18
variable capacitor 2-15
variable inductor 2-16
Vcc voltage source 1-3
voltage
gain 1-9
voltage differentiator. See differentiator
voltage gain block
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about 1-36 parameters and defaults 3-7
equations 1-37
parameters and defaults 1-37

voltage hysteresis block
about 1-42
parameters and defaults 1-43

voltage integrator. See integrator
voltage limiter. See limiter
voltage reference 11-6

voltage regulator 11-7

voltage slew rate block
about 1-50
parameters and defaults 1-51

voltage suppressor 11-8
voltage-controlled analog 9-2
voltage-controlled current source 1-10

voltage-controlled limiter
about 1-48
parameters and defaults 1-49

voltage-controlled piecewise linear source 1-16
voltage-controlled sine wave oscillator 1-11
voltage-controlled square wave oscillator 1-13
voltage-controlled triangle wave oscillator 1-15
voltage-controlled voltage source 1-9

voltmeter
about 10-1
connecting 10-2
mode 10-1
resistance 10-1

w

white noise 1-55
wide bandwidth amplifiers 5-11

V4

zener diode
about 3-6
DC model 3-6
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