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1 - Digital Elements

The Digital Elements Library has been developed in VHDL to support users with the common
basic functionality used for simple digital circuits. The models have been developed according to
the IEEE 1076 (VHDL standard).

The digital components operate with digital signals and can be characterized with rise time/fall
time/propagation delays. They do not have any conservative nodes but can be connected with
analog quantities using omnicasters.

Digital VHDL components appear in the Digital tab. The components are subdivided into
ADC/DAC, Counters, Digital Sources, Flip-Flops, Latches, Logic Blocks, and Logic Gates.
Click the Digital folder, choose one of the groups, click on a name, drag the component onto the
sheet, and release the mouse button.

The models provided are open source and can be used to derive more advanced models. This
may be done by copying the element in the user library and editing the VHDL text to modify the
model.

You can view the inputs and outputs of VHDL models using a 2D Digital Graph display element.
You can also view the internal values used within the architecture of a model in a 2D Digital
Graph and use them as variables between models. However, if the VHDL design needs to be
exported to other simulators, then internal values of the model should not be referenced outside
the model.

-- Copyright (c) 2004 by ANSOFT Corp. All rights reserved. --
-- This source file may be used and distributed without restriction -
-- provided that this copyright statement is not removed from the file --

-- and that any derivative work contains this copyright notice. --

-- Warranty

-- ANSOFT Corporation makes no warranty of any kind with regard to the use of
-- this Software, either expressed or implied, including, but not limited to

-- the fitness for a particular purpose.
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ADC and DAC Converters

¢ adc: Analog-to-Digital Converter Model in VHDL-AMS

« adc8: 8-bit Analog-Digital Converter in VHDL-AMS

e adc12: 12-bit Analog-Digital Converter in VHDL-AMS

» dac: Digital-to-Analog Converter Model in VHDL-AMS

» dac8: 8-bit Digital Analog Converter Model in VHDL-AMS

e dac12: 12-bit Digital Analog Converter Model in VHDL-AMS
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Analog-Digital Converter

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

ANC
IMPUT

dm

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example

* References
Description

The Analog-Digital Converter can be used in simple mixed signal circuit simulations. The com-
ponent accepts an analog value input of type real and translates it to a four bit digital value
according to specified minimum and maximum thresholds. A clock signal input is specified to
sample the analog signal value.

Top

Assumptions and Limitations

Top

Mathematical Description

Top

Netlist Syntax

COUPL adc ?InstanceName(@InstanceName):(@(Refbase)@(ID)) ( min := @min , max :=
@max, clk := @clk , input := @input ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModellLibraryName, Lang:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
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Parameters
Table 1
Name Description Data Default Value
Type [Unit]
min Minimum Value of Analog real -1.0
Input
max Maximum Value of Analog | real 1.0
Input
input Analog Input Signal real 0.0
clk Clock bit '0'
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
val Digital Output Vector Output bit vector
Top
Example

This example illustrates the use of the Analog-Digital Converter.

AN_IN
I\,
| N
o
INFUIT 23
5 VAL L)
Il_lL_c-L;: . [30 o
CLK
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Figure 2. Application example of the Analog-Digital Converter

Table 3. System Parameters

Component Parameter Value [unit]
ped 2m[S]
Clock Source CLK
del 0[S]
periodical 1.0
ampl 1[V}
Triangular Wave Source AN_IN freg 10 [Hz]
off 0[V]
tdelay 0[S]
min -1
Analog-Digital Converter adc1 max L
clk CLK.val
input AN_IN.val
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| | ade val[3]
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0 Sm 10m 1Sm 20m 25m 30m 35m 40m 45m S50m S5m 60m €5m 70m  60m1[s]

Figure 3. Simulation results-input and output of the Analog-Digital Converter
Top

References
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adc8 : 8 Bit Analog-to-Digital Converter Model in VHDL-AMS

Library: Digital | Modeling Language: VHDL-AMS | Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description

The adc8 model can be used in simple mixed signal circuit simulations. The component accepts
an analog value input of type real and translates it to an eight bit digital value according to spe-
cified minimum and maximum thresholds. A clock signal input is specified to sample the analog
signal value.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Parameters
Table 1
Name Description Data Default Value
Type [Unit]
min Minimum Value of Analog real -1.0
Input
max Maximum Value of Analog | real 1.0
Input
input Analog Input Signal real 0.0
clk Clock bit '0'
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
val Digital Output Vector Output bit vector
Top
Example

This example illustrates the use of the 8-bit Analog-Digital Converter.

AN_IN

N
I

adc8_1
ADCE
i INPUT
CLK P VAL
CLK
I'__J ’

Figure 2. Application example of the 8-bit Analog-Digital Converter

Table 3. System Parameters

Default Value
Component Parameter [unit]
Clock Source CLK
ped 0.0001
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del 0
periodical 1
ampl 1.0
Triangular Wave Source AN_IN |2 10 [Hz]
off 0
tdelay 0
min -1
8-bit Analog-Digital Converter max 1
adc8
input AN IN.val
clk CLK.val

fo— Dt Diaital Plat 1 adck dack &
adcl 1. TR [}
adch_1 nput TR OO0 e

sl 1LeATR 0

4 1008 M08 oo 0o 5300 B0 TH00 2000
Trme md]

Figure 3. Simulation results-input and output of the 8-bit Analog-Digital Converter
Top

References
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adc12: 12 Bit Analog-to-Digital Converter Model in VHDL-
AMS

Library: Digital | Modeling Language: VHDL-AMS | Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description

The adc12 model can be used in simple mixed signal circuit simulations. The component
accepts an analog value input of type real and translates it to a twelve-bit digital value according
to specified minimum and maximum thresholds. A clock signal input is specified to sample the
analog signal value.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Parameters
Table 1
Name Description Data Default Value
Type [Unit]
min Minimum Value of Analog real -1.0
Input
max Maximum Value of Analog | real 1.0
Input
input Analog Input Signal real 0.0
clk Clock bit '0'
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
val Digital Output Vector Output bit vector
Top
Example

This example illustrates the use of the 12-bit Analog-Digital Converter.

AN_IN

)

adc12_1

ADC1Z
INFUT

CLK I VAL

[11:0]
CLK
T

Figure 2. Application example of the 12-bit Analog-Digital Converter

Table 3. System Parameters

Default Value

Component Parameter [unit]

Clock Source CLK

ped 1e-5
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del 0
periodical 1
ampl 1.0
Triangular Wave Source AN _IN freg 10 [Hz]
off 0
tdelay 0
min -1
12-bit Analog-Digital Converter max 1
adc12
input AN_IN.val
clk CLK.val
Tures [ — Digital Plot 1 adci? dacild &
. e e e v :-l:l:l>:"1_.| T Twbe | eme | qabe | st
o .

Figure 3. Simulation results-input and output of the 12-bit Analog-Digital Converter
Top

References
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dac: Digital Analog Converter

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

IMPUT
I(=:0]

Y] -

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example

* References
Description

The Digital-Analog Converter can be used in simple mixed signal circuit simulations. The com-
ponent accepts a four bit digital input and translates it to an analog value of type real according
to specified minimum and maximum thresholds.

Top

Assumptions and Limitations

Top

Mathematical Description

Top

Netlist Syntax

COUPL dac ?InstanceName(@InstanceName):(@(Refbase)@(ID)) ( min := @min , max :=
@max, input := @input , input[3] := @input[3], input[2] := @input[2], input[1] := @input[1], input
[0] := @input[0] ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:-
:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
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Parameters
Table 1
Name Description Data Default Value
Type [Unit]
min Minimum Value of Analog real -1.0
Output
max Maximum Value of Analog real 1.0
Output
input 4-Bit Digital Input Signal bit vec- | '0’
Vector tor
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
val Analog Output Value Output real
Top
Example
This example illustrates the use of the Digital-Analog Converter.
| | VECH DAC
| | 5o
WAL =i}
vecd1

Figure 2. Application example of the Digital-Analog Converter

Table 3. System Parameters

Component Parameter Value [unit]
Four-Bit Vector Source vec41 ped 3m [S]

del 0[S]

min -1
Digital-Analog Converter dac1

max 1

Digital Components 1-15
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| input | vec41.val |

dacl input]3] +8

dacl.inpul]2] +6

dacl inpud{1] +4
—.I |—| dacl val

Oom 1om 250m 35m 45m OSom 65m  80mt [s]

Figure 3. Simulation results-input and output of the Digital-Analog Converter
Top

References

Digital Components 1-16
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Digital Elements

dac8: 8 Bit Digital-to-Analog Converter Model in VHDL-AMS

Library: Digital | Modeling Language: VHDL-AMS | Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description

The dac8 model can be used in simple mixed signal circuit simulations. The component accepts
an 8-bit digital input and translates it to an analog value of type real according to specified min-
imum and maximum thresholds.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Parameters
Table 1
Name Description Data Default Value
Type [Unit]
min Minimum Value of Analog real -1.0
Output
max Maximum Value of Analog real 1.0
Output
input 8-bit Digital Input Signal bit vec- | '00000000
Vector tor
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
val Analog Output Value Output real
Top
Example

This example illustrates the use of the 8-bit Digital-Analog Converter.

cntb8 1

clk2

| I_ CLK

CLR

| L

D >
Binaﬁ

dac8_1

DACE

INPUT
[7:0]

VALF—

Figure 2. Application example of the 8-bit Digital-Analog Converter

Table 3. System Parameters

Component

Parameter

Value [unit]

Clock Source CLK

ped

0.0002
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del 0
periodical 1
t prop 0
8-Bit Binary Counter cntb8
clk clk2.val
clr 0
min -1
8 Bit Analog-Digital Converter acd8
max 1
input cntb8_1.q
T Caes | Den i} ] %1 P|th ) . wich dach &

Aul_ 1 inpa{TITR 0

A1 npuE TR 0

| Sl _1 np S} TR O

L dach_1ingufd| TR |0

ducll_1inpfH TR 0

el inpufIITR 0
dwcl_1npa1[ TR 0

dacll_1np@TR 0

el vl TH -1 h ]

S T 105 | P S e R —————— ——————r——
[y 1000 000 300 000 5300 8000 300 8000
Tierse: ]

Figure 3. Simulation results-input and output of the 8-bit Digital-Analog Converter
Top

References
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dac12: 12-bit Digital-to-Analog Converter Model in VHDL-
AMS

Library: Digital | Modeling Language: VHDL-AMS | Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description

The dac12 model can be used in simple mixed signal circuit simulations. The component
accepts a 12-bit digital input and translates it to an analog value of type real according to spe-
cified minimum and maximum thresholds.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Parameters
Table 1
Name Description Data Default Value
Type [Unit]
min Minimum Value of Analog | real -1.0
Output
max Maximum Value of Analog | real 1.0
Output
input 12-bit Digital Input Signal | bit_vec- [ '000000000000'
Vector tor
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
val Analog Output Value Output real
Top
Example

This example illustrates the use of the 12-bit Digital-Analog Converter.

cntb12_1
CLR dac12_1
clk2
DAC12
Q 1 B INPUT
CLK [11:0]
F:j b e >Binw VAL

Figure 2. Application example of the 8-bit Digital-Analog Converter

Table 3. System Parameters

Component Parameter Value [unit]

Clock Source CLK ped 1e-5
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del 0
periodical 1
t prop 0
12-bit Binary Counter cntb12
clk clk2.val
clr 0
min -1
12-bit Analog-Digital Converteracd12
max 1
input cntb12 1.q
[ [ Digital Plot 2 adcid dacid &
Sacil 1mpef1fITR | D
Sac1l_1ngefRRTR D
sc17_1 g TH | D I_
;H'. l--.n.gs.-;'ll
;HI: |r'.-\.::|;'ll L
Sac1?_1irpalZ] TR |D
" s 3.30' 1] 00 0 0% r.:i:';” '.-UI\I m'm .':IIJICI NIDIC
A

Figure 3. Simulation results-input and output of the 12-bit Digital-Analog Converter

Top

References
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Counters

The counters can be used in simple sequential digital circuit simulations with propagation
delays. The models operate on digital signals of type BIT and provide a vector output of the
count value. Delays are specified in terms of propagation delays (t_prop).

The model is positive-edge triggered and has the capability of having the outputs cleared to
LOW through an asynchronous CLR input.

 2-bit binary counter with asynchronous clear input (cntb2)
» 3-bit binary counter with asynchronous clear input (cntb3)
e 4-bit binary counter with asynchronous clear input (cntb4)
¢ 8-bit BCD counter with asynchronous clear input (cntb8)

« 12-bit BCD counter with asynchronous clear input (cntb12)

* 4-bit BCD counter with asynchronous clear input (cntd4)

Digital Components 1-23
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Digital Elements

cntb12: 12-bit Binary Counter

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

CLR

>
Binag

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description

The component represents a positive-edge triggered 12-bit binary counter that has the capability
of having the outputs cleared to 000000000000 through an asynchronous CLR input.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Parameters
Table 1
Name Description Data Type | Default Value [Unit]
clk Clock bit '0'
clr Clear bit '0'
t prop Propagation Delay | real 0.0 [sec]
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
q Digital Output Vector Output bit vector
Top
Example

This example illustrates the use of the 12-bit Binary Counter.

cntb12_1
CLR dac12_1
clk2
DACH2
o ey
GCLK
I__l P | vaL —H
Binary
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Figure 2. Application example of the 12-bit Binary Counter

Table 3. System Parameters

Component Parameter Value [unit]
ped 1e-5
Clock Source CLK
del 0
periodical 1
t prop 0
12-bit Binary Counter cntb12
clk clk2.val
clr 0
min -1
12-bit Digital-Analog Converter dac12
max 1
input cntb12 1.9
Curen Dala Digital Plot 2 adcid_dacty &
J-cl:' 1 npaf 3 TR -
Sac1?_1 --....(5;'"
:;-c-: 1 g} TR
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Figure 3. Simulation results-input and output of 12-bit Binary Counter
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cntb2: 2-bit Binary Counter

Twin Builder Components: Digital Elements

Library: Digital

Modeling Language: VHDL

Version Number: Twin Builder 2024.2

* Description

LR @0

E

Binary

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

e Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a positive-edge triggered two-bit binary counter that has the cap-
ability of having the outputs cleared to 00 through an asynchronous CLR input.

Top

Assumptions and Limitations

Top

Mathematical Description

Table 1. Truth Table

Counting Sequence
Q1 Qo0

0 0

0 1

1 0

1 1

0 0
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Top
Netlist Syntax

COUPL cntb2 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk
= @clk, clr:= @clr ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:-
:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
clk Clock bit '0'
clr Clear bit '0'
t prop Propagation Delay | real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Output Vector Output bit_vector
Top
Example

This example illustrates the use of the Two-Bit Binary Counter.

CLKE
CNT2_CLR ||}

I—I:LH 00ty

b

]
Binary

CNT2_CLK|F7C“

Figure 2. Application example of the Two-Bit Binary Counter

Table 4. System Parameters

Component Parameter Value [unit]

Clock Source CNT2_CLR

ped 10m [S]
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del 20m [S]
periodical 0
ped 2m [S]
Clock Source CNT2_CLK
del 0[S]
periodical 1.0
t prop 0.0[S]
Two-Bit Binary Counter cntb21
clk CNT2_ CLK.val
clr CNT2_CLR.val
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Figure 3. Simulation results-input and output of Two-Bit Binary Counter
Top
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cntb3: Three-Bit Binary Counter

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

LR G2 fm—

(21—

Binany

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example

* References
Description

The component represents a positive-edge triggered three-bit binary counter that has the cap-
ability of having the outputs cleared to 000 through an asynchronous CLR input.

Top

Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

Counting Sequence
Q2 Q1 Qo0
0 0 0

0 0 1

0 1 0

0 1 1

1 0 0
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1 0 1
1 1 0
1 1 1
0 0 0
Top
Netlist Syntax

COUPL cntb3 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk
=@clk, clr:= @clr ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:-
:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
clk Clock bit '0'
clr Clear bit 0’
t prop Propagation Delay | real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Output Vector Output bit vector
Top
Example

This example illustrates the use of the Three-Bit Binary Counter.

CNT3 CLR [

CLE .
CNT3_CLK [ ¥
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Figure 2. Application example of the Three-Bit Binary Counter
Table 4. System Parameters

Component Parameter Value [unit]
ped 10m [S]
Clock Source CNT3_CLR
del 20m [S]
periodical 0
ped 2m [S]
Clock Source CNT3_CLK
del 0[S]
periodical 1.0
t prop 0.0[S]
Three-Bit Binary Counter cntb31
clk CNT3 CLK.val
clr CNT3 CLR.val

|Ll"l OO OO O A TR TLTY o=

| o |_| SIS |_l ] . _i — NS : i

Oim Zm Sm m Sm 1im 13m 15m 17m 1%m Hm 23m 25m 27m 29m Hm 33m 35m 3Tm 40m | [5]

Figure 3. Simulation results-input and output of Three-Bit Binary Counter
Top
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cntb4: Four-Bit Binary Counter

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2
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Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description

The component represents a positive-edge triggered four-bit binary counter that has the cap-
ability of having the outputs cleared to 0000 through an asynchronous CLR input.

Top

Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

Counting Sequence

Q3 Q2 Q1 Qo
0 0 0 0

0 0 0 1

0 0 1 0
0 0 1 1

0 1 0 0
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0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1
0 0 0 0

Top

Netlist Syntax

COUPL cntb4 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk
= @clk, clIr := @clr ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:-
:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
clk Clock bit '0'
clr Clear bit '0'
t prop Propagation Delay | real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Output Vector Output bit_vector
Top
Example

This example illustrates the use of the Four-Bit Binary Counter.
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||—| CLE
CNT4_CLR - L
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Figure 2. Application example of the Four-Bit Binary Counter

Table 4. System Parameters

Component Parameter Value [unit]
ped 10m [S]

Clock Source CNT4_CLR
del 20m [S]
periodical 0
ped 2m [S]

Clock Source CNT4_CLK
del 0[S]
periodical 1.0
t prop 0.0[S]

Four-Bit Binary Counter cntb41
clk CNT4 CLK.val
clr CNT4 CLR.val
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Figure 3. Simulation results-input and output of Four-Bit Binary Counter
Top
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cntb8: 8-bit Binary Counter

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

CLR

>
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description

The component represents a positive-edge triggered 8-bit binary counter that has the capability
of having the outputs cleared to 00000000 through an asynchronous CLR input.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Parameters
Table 1
Name Description Data Type | Default Value [Unit]
clk Clock bit '0'
clr Clear bit '0'
t prop Propagation Delay | real 0.0 [sec]
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
q Digital Output Vector Output bit vector
Top
Example

This example illustrates the use of the 8-bit Binary Counter.

cntb8_1
CLR dac8_1
clk2
DACE
ab—+ B Er%mﬂ]l.n
| CLK .
I I__l [+ 1> VAL
Einai

Figure 2. Application example of the 8-bit Binary Counter

Table 3. System Parameters

Component Parameter Value [unit]
ped 0.0002
Clock Source CLK
del 0
periodical 1
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t prop 0

8-bit Binary Counter cntb8
clk clk2.val
clr 0
min -1

8-bit Digital-Analog Converter dac8
max 1
input cntb8 1.q
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Figure 3. Simulation results-input and output of 8-bit Binary Counter
Top
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cntd4: Four-Bit BCD Counter

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2
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Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description

The component represents a positive-edge triggered four bit BCD (divide by 10, binary coded
decimal) counter that has the capability of having the outputs cleared to 0000 through an asyn-
chronous CLR input.

Top

Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

Counting Sequence

Q3 Q2 Q1 Qo0
0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1
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Top
Netlist Syntax

COUPL cntd4 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk
= @clk, clr:= @clr ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:-
:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
clk Clock bit '0'
clr Clear bit '0'
t prop Propagation Delay | real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Output Vector Output bit vector
Top
Example
This example illustrates the use of the Four-Bit BCD Counter.
CLKE
CNT4D_CLR ] |
CLR 00 iy
gl -
02 i
(= 03 [p—gy
CLE
CNT4D_CLK [ [ e
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Top

Figure 2. Application example of the Four-Bit BCD Counter

Table 4. System Parameters

Component Parameter Value [unit]
ped 10m [S]
Clock Source CNT4D_CLR
- del 20m [S]
periodical 0
ped 2m [S]
Clock Source CNT4D_CLK
- del 0[S]
periodical 1.0
t prop 0.0[S]
Four-Bit BCD Counter cntd41
clk CNT4D CLK.val
clr CNT4D CLR.val

0 0 o I o o o o o o o o o e

NT4D_CLR wal

chiclat g
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Figure 3. Simulation results-input and output of Four-Bit BCD Counter
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Digital Sources

The digital clock sources can provide input stimulus to digital models. The components can be
parametrized with the clock period and the initial delay.

* Clock Source Model in VHDL (clk)

« Stimulus (Stimulus)

» Two-bit Vector Source Model in VHDL (vec2)
* Four-bit Vector Source Model in VHDL (vec4)
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Clock Source

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

||— CLK
| 1

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example

* References
Description

The components represent a digital clock sources with an option of specifying whether the out-
put signal is periodical. To define the values, enter a numerical value for time period (ped) and
initial delay (del).

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

COUPL clk ?InstanceName(@InstanceName):(@(Refbase)@(ID)) ( ped := @ped , del := @del ,
periodical := @periodical ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName,
Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
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Parameters
Table 1
Name Description Data Default Value
Type [Unit]
ped Pulse Time Period real 1.0e-3 [s]
del Initial Delay real 0.0[s]
periodical Periodical (1.0 -> yes, 0.0 | real 1.0
->no)
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
val Clock Output Output bit
Top
Example

See 2-t0-4 Line Decoder Example
Top

References
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Stimulus Source

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2
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Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Input/Output Quantities
* Example
* References
Description

The components represents a user defined arbitrary digital source with a user specified clocking
pattern and output bit patterns. To define the base clock values, enter a time resolution, an end
time, and the amount of time the stimulus should remain in a high and low position. Stimulus val-
ues are then defined in the Component Dialog.

Top

Assumptions and Limitations

Top

Mathematical Description

Top

Netlist Syntax

Netlist generated by Special Component Dialog.

Top
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Input/Output Quantities

Table 1
Name Description [Unit] Direction Data Type
clk Clock Output Output bit
bitsig * Bit Signal Output Output bit
bvrsig* | Bit Vector Output Output Array of 4 bits
stdsig* | Std Logic Signal Output Output Std. Logic
svrsig* | Std Logic Vector Output | Output Std. Logic

* Note: Only those signals defined by the user for each instance will be available.
Top

Example

Top

References

Digital Components 1-47
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Digital Elements

Component Dialog Settings

The following Parameters are set in the Component Dialog for the Digital Stimulus Com-
ponent:

Name:

Specify the Name of the component instance. Select the Show Name checkbox to display the
name on the schematic.

Parameters:

Base Clock: The base clock is represented in the dialog along with a time scale. To edit the
Base Clock definition, click the button in the dialog to return to the Parameters Wizard. Create
or delete entries of input signals with the symbols placed on the upper right side. Available sig-
nals are Bit, Bit Vector, Std Logic, or Std Logic Vector.

Base Clock Parameter Wizard: By default, you must first specify the Base Clock cycle for the
Stimulus source. Note that the number of clock cycles that can be displayed is limited to 1000. A
message is displayed informing you when the limiting is applied.

Time Resolution: Select the time resolution units for the pull-down list.

Stimulus End Time: Enter a numerical value (non-negative integer) in the text box. Please
note: You cannot define a variable or expression in this case. Only a positive integer is accepted.

Clock High Time:/Clock Low Time: Type a numerical value (non-negative integer) in the text
box to define the portion of time to remain at the high/low output value. Please note: You cannot
define a variable or expression in this case. Only a number is accepted.

Start with Low Time: Select the checkbox to have the simulator start the stimulus source with
the low time portion of the cycle.

BIT/Std Logic signal: Select the Wizard checkbox to enable the Parameters Wizard for the
BIT source type or Std Logic source type. Leaving the Wizard checkbox unselected allows you
to change the data for the signal manually for each time step. The Bit signal and the Std Logic
are equivalent with the exception of allowable states. The BIT source can accept a logic "0" or
logic "1" state only. The Std Logic source can have "U", "X", "0", "1", "Z", "W", "L", "H", and "-"
states.

BIT/Std Logic Signal Parameter Wizard:

Signal Name: Enter a name for the signal.

Pattern Type: Three pattern types are supported for the bit signal, Toggle, Pulse, and Ran-
dom. The selected pattern type and representation of the Properties is shown in the preview
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window of the dialog.

The Toggle type switches between the two states on the clock signal trailing edge. The fre-
quency of the switch is set by the Toggle Period parameter.

The Pulse type switches between two states with a user definable initial delay and pulse width.

The Random signal type uses a random number generator to select either a high or low value
for the next random period specified by the user.

Pattern Repetition Number: Enter the number of times the pattern should repeat.

Initial Value: The value the signal takes at the beginning of the simulation. This is set to a logic
IlOll Or ll1 ll-

Other Value/Pulse Value: The value the signal will switch to during clocking. This is setto a
logic "0" or "1" and should be set to the opposite of the Initial Value setting.

Toggle Period/Pulse Width: The Toggle Period/Pulse Width defines how many clock cycles
the pulse remains "ON" for the Toggle/Pulse pattern types respectively.

Initial Delay: In Pulse mode, this parameter defines the delay from the end of the last pulse, to
the leading edge of the next pulse in clock cycles.

Random Seed: The random seed is a parameter used to seed a random number generator and
is used to randomize the switching pattern of the signal. The random number generator returns
only one number and all random signals in all stimulus components in the circuit will get the
same value when determining whether to switch states.

Random Period: The random period is the length of the pulse before another switch is pos-
sible. Switching may or may not occur due to the random nature of the signal.

BIT/Std Logic Vector: The Bit Vector source is set up via the Bit Vector Parameter Wizard and
cannot be manually modified.

BIT/Std Logic Vector Parameter Wizard:

Signal Name: Enter a name for the signal.

Pattern Type: Six pattern types are supported for the bit vector signal, Alternate, Count Up,
Count Down, Shift Left, Shift Right, and Random. The selected pattern type and rep-
resentation of the Properties is shown in the preview window of the dialog.

The Alternate type switches between two states on the clock signal trailing edge. The fre-
quency of the switch is set by the toggle Period parameter.

The Count Up/Count Down performs a binary count between the initial and final values spe-
cified.

The Shift Left/Shift Right performs a standard binary shift operation, shifting the bits set in the
initial value left or right and shifting in the value specified in the Input Value.

The Random signal type uses a random number generator to select either a high or low value
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for the next random period specified by the user.
Pattern Repetition Number: Enter the number of times the pattern should repeat.
Vector Length: Enter the number of signals in the vector.

Value1/Pulse Width Value 1: For each Index, corresponding to the Vector Length, select the
quantity for Value 1 and the associated Pulse Width as shown in the preview window.

Value2/Pulse Width Value 2: For each Index, corresponding to the Vector Length, select the
quantity for Value 2 and the associated Pulse Width as shown in the preview window. Gen-
erally, Value 2 should be set to the opposite of Value 1 for each index entry.

Initial Value: When the Pattern Type is either Count Up, Count Down, Shift Left, or Shift
Right, specify the bit values for the initial vector.

Final Value: When the Pattern Type is either Count Up or Count Down, specify the bit values
for the final vector.

Increment/Decrement Value: Specify the increment for each count in the Count Up or Count
Down sequence. An Increment Value of 1 will provide a standard binary count sequence.

Count: Specify the number of clock cycles per count. A Count of one will increment or decre-
ment the vector with each clock cycle.

Input Value: When using the Shift Left or Shift Right type, the Input Value indicates what
data value is to be shifted into the vector.

Random Seed: The random seed is a parameter used to seed a random number generator and
is used to randomize the switching pattern of the signal. The random number generator returns
only one number and all random signals in all stimulus components in the circuit will get the
same value when determining whether to switch states.

Random Period: The random period is the length of the pulse before another switch is pos-
sible. Switching may or may not occur due to the random nature of the signal.

Random Value: The random value allows you to choose between randomly setting the vector
with "0", "1" states only, or using all possible logic states.

Outputs/Display

For information regarding displaying parameter pins, see Output/Display Tab in the main Twin
Builder help.
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Two-bit Vector Source

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

||— WEC2
| 1

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description

The component represents a two-bit vector source that can provide input stimulus of
00,01,10,11 at specified time intervals. To define the values, enter a numerical value for the
period of each vector value (ped) and initial delay (del).

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

COUPL vec?2 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) ( ped := @ped , del :=
@del ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:=VHDLA, Lvl:-
=\W'@Architecture\\"); ;

Top
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Parameters
Table 1
Name Description Data Type | Default Value [Unit]
ped Pulse Time Period real 1.0e-3 [s]
del Initial Delay real 0.0[s]
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
val Two-bit Vector Output Output Bit vector
Top
Example

See Two-Bit Comparator Example

Top

References
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Four-bit Vector Source

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

||— WYEC4
| 1

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description

The component represents a four-bit vector source that can provide input stimulus from 0000 to
1111 at specified time intervals. To define the values, enter a numerical value for the period of
each vector value (ped) and initial delay (del).

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

COUPL vec4 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) ( ped := @ped , del :=
@del ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:=VHDLA, Lvl:-
=\W'@Architecture\\"); ;

Top
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Parameters
Table 1
Name Description Data Type | Default Value [Unit]
ped Pulse Time Period real 1.0e-3 [s]
del Initial Delay real 0.0[s]
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
val Four-bit Vector Output Output Bit vector
Top
Example

See Four Bit Bidirectional Serial Shift Register Example

Top

References
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Flip Flops

The flip-flop models can be used in simple sequential digital circuit simulations with propagation
delays. The models operate on digital signals of type BIT. Delays are specified in terms of
propagation delays (t_prop).

All models are positive edge triggered and some have the capability of having the outputs preset
to'1' or cleared to '0' through asynchronous PST and CLR inputs. If both PST and CLR inputs
are active at the same time, priority is given to the PST input. The following three types of flip-flop

models are provided:
« D Flip-Flop
* JKFlip-Flop
e T Flip-Flop
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D-Flip Flops

* Basic D Flip-Flop (ffd)
* D Flip-Flop with asynchronous preset and clear (ffdcp)

* D Flip-Flop with asynchronous active-low preset and clear (ffdcpal)
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Basic D-Flip-Flop

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

D

>

Flip flop

) [p—

CE [ —

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a positive-edge triggered basic D Flip-Flop.

Top
Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

CLK D Q QB
0 D NC NC
rising 0 0 1
rising 1 1 0
NC=No Change

Top
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Netlist Syntax

COUPL ffd ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk :=
@clk , din := @din ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:-
:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit '0'
positive edge
din Data Input bit '0'
t prop Propagation Time real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
qgb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the Basic D-Flip-Flop.

D1 [T
0] Q —
Alp flap
(= cE-8
CLK1 T

Figure 2. Application example of the Basic D-FlipFlop
Table 4. System Parameters

Component Parameter Value [unit]
Clock Source D1
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ped 12m[S]

del 0[S]

periodical 1.0

ped 8m [S]
Clock Source CLK1

del 0[S]

periodical 1.0

t prop 0.0[S]
Basic D-Flip-Flop ffd1

clk CLK1.val

din D1.val

LB

0 Zm dm &m Em 10m 12m 1dm 18m 18m 30m 22m 24m Hm 28m 30m 32m 3dm 8m 40im 1 5]

Figure 3. Simulation results-input and output of Basic D-Flip-Flop
Top

References
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Basic D-Flip-Flop with Preset and Clear

Library: Digital

Modeling Language: VHDL

Version Number: Twin Builder 2024.2

* Description

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

e Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a positive-edge triggered basic D Flip-Flop with preset and clear.

Top

Assumptions and Limitations

Top

Mathematical Description

Table 1. Truth Table

CLK CLR PST D Q QB
0 0 0 D NC NC
X 1 0 D 0 1

X 0 1 D 1 0
rising 0 0 0 0 1
rising 0 0 1 1 0
NC=No Change

X=Don’t Care
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Top
Netlist Syntax
COUPL ffdcp ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk

= @clk, din := @din, clr:= @clr, pst := @pst ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit 0’
positive edge
din Data Input bit '0'
pst Asynchronous Active-High Pre- | bit '0'
set Signal
clr Asynchronous Active-High bit '0'
Clear Signal
t prop Propagation Time real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
gb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the Basic D-Flip-Flop with Preset and Clear.
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I_I CLK
PST2| I
I_I CLE
D2 . I__ D r:srrQ | %
Alp flop
I_I CLE I__} il
cLK2 5 oy
cLrR2 5

Figure 2. Application example of the Basic D-Flip-Flop with Preset and Clear

Table 4. System Parameters

Component Parameter Value [unit]
ped 10m [S]
Clock Source D2
del 0[S]

periodical 1.0

ped 4m [S]
Clock Source CLK2

del 0[S]

periodical 1.0

ped 10m [S]
Clock Source CLR2

del 15m [S]

periodical 0

ped 8m [S]
Clock Source PST2

del 20m [S]
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periodical 0

t prop 0.0[S]

clk CLK2.val
D-Flip-Flop with Preset and Clear ffdcp1 |

din D2.val

clr CLR2.val

pst PST2.val

LI LT L) T ][] s
TR

l
l
l
|
I
I

| | T e

O Zm 4dm Bm Bm 10m 12em 18m 18m 1BEm 20m 22m 24m 26m 28m 30m 32m 38m 30m S0m 1[5

Figure 3. Simulation results-input and output of Basic D-Flip-Flop with Preset and Clear
Top

References
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D-Flip-Flop with Active-Low Preset and Clear

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References

Description

The component represents a positive-edge triggered basic D Flip-Flop with active-low preset
and clear.

Top

Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

CLK CLR PST D Q QB
0 1 1 D NC NC
X 0 1 D 0 1

X 1 0 D 1 0
rising 1 1 0 0 1
rising 1 1 1 1 0
NC=No Change

X=Don’t Care

Digital Components 1-64
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Digital Elements

Top
Netlist Syntax
COUPL ffdcpal ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk

= @clk, din := @din, clr:= @clr, pst := @pst ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit 0’
positive edge
din Data Input bit '0'
pst Asynchronous Active-Low Pre- | bit 1
set Signal
clr Asynchronous Active-Low Clear | bit 1
Signal
t prop Propagation Time real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
gb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the D-Flip-Flop with Active-Low Preset and Clear.
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I_ CLE o
PST3|
p3 (-
cLK3 5

CLR3 L5
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Figure 2. Application example of the D-Flip-Flop with Active Low Preset and Clear

Table 4. System Parameters

Component Parameter Value [unit]

ped 10m [S]
Clock Source D3

del 0[S]

periodical 1.0

ped 4m [S]
Clock Source CLK3

del 0[S]

periodical 1.0

ped 10m [S]
Clock Source CLR3

del 15m [S]

periodical 0

ped 8m [S]
Clock Source PST3

del 20m [S]

periodical 0

tp_Ih 0[S]
Inverter inv1

tp_hl 0[S]

X CLR3.val

tp_Ih 0[S]
Inverter inv2

tp_hl 0[S]

X PST3.val

Digital Components 1-67
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Digital Elements

t prop 0.0[S]
clk CLK3.val
D-Flip-Flop with Active-Low Preset and
Clear ffdcpal din D3.val
clr inv1.y
pst inv2.y

EnlinlinininlinlslelsEeloct
L L P T e

| I I s I ! 1 1
| Hdepall..
| | | Hdopall.qb

0 Zm 4m &m Em 10m 12m 19m 16m 18m 20m 22m 24m 28m 2Em 30m 32m 3dm 3Bm S0m 5

|

Figure 3. Simulation results-input and output of D-Flip-Flop with Active-Low Preset and Clear
Top
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JK-Flip Flops

* Basic JK Flip-Flop (ffjk)
» JK Flip-Flop with asynchronous preset and clear (ffikcp)

* JK-Flip-Flop with asynchronous active-low preset and clear (ffikcpal)
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Basic JK-Flip-Flop

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

el |,
JFlip flop

— QD

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a positive-edge triggered basic JK Flip-Flop.
Top
Assumptions and Limitations
Top
Mathematical Description

Table 1. Truth Table

CLK J K Q QB
0 J K NC NC
rising 0 0 NC NC
rising 0 1 0 1
rising 1 0 1 0
rising 1 1 Q' QB
NC=No Change

Top
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Netlist Syntax

COUPL ffik ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk :=
@clk,j:=@j, k:=@k)DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName,
Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit '0'
positive edge
jin J Input bit '0'
kin K Input bit '0'
t prop Propagation Time real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
gb Complemented Data Output Output bit
Top
Example
This example illustrates the use of the JK-Flip-Flop.
I_I CLE
J =]
I_I J 0 —id
CLE
K
K — Alp flop
Y] = -
CLK
cLk1 (5

Figure 2. Application example of the JK-Flip-Flop

Table 4. System Parameters
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0 Zm 4m Bm Bm 10m 12m 149m $8m 19m 20m 2Zm 24m 26m Z8m 30m IZm 24m 35m

Component Parameter Value [unit]

ped 8m [S]
Clock Source J

del 0[S]

periodical 1.0

ped 4m [S]
Clock Source CLK1

del 0[S]

periodical 1.0

ped 16m [S]
Clock Source K

del 0[S]

periodical 1.0

t prop 0.0[S]
JK-Flip-Flop ffik1 clk CLK1.val

i J.val

k K.val
I e Y Y s G 0 0 o L s e s
| | 7 | | 1 T *
! I— I— | ] &
:l I | [ ] Lo

a0m t ]

Top

Figure 3. Simulation results-input and output of JK-Flip-Flop
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References
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JK-Flip-Flop with Preset and Clear

Library: Digital

Modeling Language: VHDL

Version Number: Twin Builder 2024.2

* Description

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

e Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a positive-edge triggered basic JK Flip-Flop with preset and clear.

Top

Assumptions and Limitations

Top

Mathematical Description

Table 1. Truth Table

CLK CLR PST J K Q QB
0 0 0 J K NC NC
X 1 0 J K 0 1
X 0 1 J K 1 0
rising 0 0 0 0 NC NC
rising 0 0 0 1 0 1
rising 0 0 1 0 1 0
rising 0 0 1 1 Q' QB'
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NC=No Change
X=Don'’t Care

Top
Netlist Syntax
COUPL ffikcp ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk

=@clk,j=@j, k:=@k, clr:=@clr, pst := @pst ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit 0’
positive edge
jin J Input '0'
kin K Input bit '0'
pst Asynchronous Active-High Pre- | bit 0’
set Signal
clr Asynchronous Active-High bit '0'
Clear Signal
t prop Propagation Time real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
gb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the JK-Flip-Flop with Preset and Clear.
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Figure 2. Application example of the JK-Flip-Flop with Preset and Clear

Table 4. System Parameters

Component Parameter Value [unit]

ped 8m [S]
Clock Source J2

del 0[S]

periodical 1.0

ped 4m [S]
Clock Source CLK2

del 0[S]

periodical 1.0

ped 16m [S]
Clock Source K2

del 0[S]

periodical 1.0

ped 10m [S]
Clock Source CLR2

del 15m [S]

periodical 0

ped 8m [S]
Clock Source PST2

del 20m [S]

periodical 0

t prop 0.0[S]
JK-Flip-Flop with Preset and Clear
ffikep1 clk CLK2.val

i J2.val
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k K2.val
clr CLR2.val
pst PST2.val

(100 M 1 [ ] (1 ] [ [ we
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Figure 3. Simulation results-input and output of JK-Flip-Flop with Preset and Clear
Top
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JK-Flip-Flop with Active-Low Preset and Clear

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example

* References
Description

The component represents a positive-edge triggered basic JK Flip-Flop with active-low preset
and clear.

Top

Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

CLK CLR PST J K Q QB
0 1 1 J K NC NC
X 0 1 J K 0 1

X 1 0 J K 1 0
rising 1 1 0 0 NC NC
rising 1 1 0 1 0 1
rising 1 1 1 0 1 0
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rising | 1 | 1 |1 |1 |Q |QB
NC=No Change
X=Don't Care |

Top
Netlist Syntax

COUPL ffjkcpal ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk
=@clk,j=@j, k:=@k, clr:=@clr, pst:= @pst ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit '0'
positive edge
jin J Input '0'
kin K Input bit '0'
pst Asynchronous Active-Low Pre- | bit "1
set Signal
clr Asynchronous Active-Low Clear | bit "1
Signal
t prop Propagation Time real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
gb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the JK-Flip-Flop with Active-Low Preset and Clear.
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I_I CLk bk
PST3[
I_ CLE
J3 =
= I—J o —
K3 I_:'IK | Alp flop
[~ o8 jo—-8
I_ CLk
CLK3 —
CLR3 '_'|_|

Digital Components 1-81
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Digital Elements

Figure 2. Application example of the JK-Flip-Flop with Active-Low Preset and Clear
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Table 4. System Parameters

Component Parameter Value [unit]

ped 8m [S]
Clock Source J3

del 0[S]

periodical 1.0

ped 4m [S]
Clock Source CLK3

del 0[S]

periodical 1.0

ped 16m [S]
Clock Source K3

del 0[S]

periodical 1.0

ped 10m [S]
Clock Source CLR3

del 15m [S]

periodical 0

ped 8m [S]
Clock Source PST3

del 20m [S]

periodical 0

tp_Ih 0[S]
Inverter inv1

tp_hl 0[S]

X CLR3.val
Inverter inv2
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tp_Ih 0[S]

tp_hl 0[S]

X PST3.val

t prop 0.0[S]

clk CLK3.val
JK-Flip-Flop with Active-Low Preset and | | J3.val
Clear ffjikcpal1

k K3.val

clr inv1.y

pst inv2.y

[T} LR [ f) [ meee
TR T EE T ES TR
| | |

|
|
|
|
|
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Figure 3. Simulation results-input and output of JK-Flip-Flop with Active-Low Preset and Clear
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T-Flip Flops

* Basic T-(Toggle) Flip-Flop (fft)
* T-Flip-Flop with asynchronous preset and clear (fftcp)

* T-Flip-Flop with asynchronous active-low preset and clear (fftcpal)
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Basic T (Toggle) Flip-Flop

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

T o) —
|Flip flop
[ OF [

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a positive-edge triggered basic T (toggle) Flip-Flop.

Top
Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

CLK T Q QB
0 T NC NC
rising 0 NC NC
rising 1 Q' QB'
NC=No Change
Top
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Netlist Syntax

COUPL fft ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk :=
@clk, tin := @tin ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:-
:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit '0'
positive edge
tin Toggle Input bit '0'
t prop Propagation Time real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
qgb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the T-Flip-Flop.

T CLK
I——T 2 g
Alp flap
CLK l__:} B i
CLK1

Figure 2. Application example of the T-Flip-Flop

Table 4. System Parameters

Component Parameter Value [unit]
Clock Source T1
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ped 20m [S]

del 0[S]

periodical 1.0

ped 4m [S]
Clock Source CLK1

del 0[S]

periodical 1.0

t prop 0.0[S]
T-Flip-Flop fft1

clk CLK1.val

tin T1.val

i ol ol il O O 0 6 1

0 Zm 4m &m Bm 10m 12m 1d9m 18m 18m 20m 22m 2dm 2Hm 28m 30m I2m 2d4m 20m S0m t 5]

Figure 3. Simulation results-input and output of T-Flip-Flop
Top
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T-Flip-Flop with Preset and Clear

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a positive-edge triggered basic T Flip-Flop with preset and clear.
Top
Assumptions and Limitations
Top
Mathematical Description

Table 1. Truth Table

CLK CLR PST T Q QB
0 0 0 T NC NC
X 1 0 T 0 1

X 0 1 T 1 0

1 0 0 0 NC NC
1 0 0 1 Q' QB
NC=No Change

X=Don'’t Care
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Top
Netlist Syntax
COUPL fftcp ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk :=

@clk , tin := @tin, pst:= @pst, clr := @clr ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit 0’
positive edge
tin Toggle Input bit '0'
pst Asynchronous Active-High Pre- | bit '0'
set Signal
clr Asynchronous Active-High bit '0'
Clear Signal
t prop Propagation Time real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
gb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the T-Flip-Flop with Preset and Clear.
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I_I CLE
PST2[ 1=
I_I CLE
T2 e
— |——T 12 i
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[=  op o=t
cLKk2 (-t e
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Figure 2. Application example of the T-Flip-Flop with Preset and Clear

Table 4. System Parameters

Component Parameter Value [unit]
ped 20m [S]
Clock Source T2
del 0[S]
periodical 1.0
ped 4m [S]
Clock Source CLK2
del 0[S]
periodical 1.0
ped 10m [S]
Clock Source CLR2
del 15m [S]
periodical 0
Clock Source PST2 ped 8m [S]
del 20m [S]
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periodical 0

t prop 0.0[S]

clk CLK2.val
T-Flip-Flop with Preset and Clear fftcp1 |

tin T2.val

clr CLR2.val

pst PST2.val

nnonnnonnnn-

T~

0 Zm 4m &m Bm 10m 12m 1dm 18m 18m 20m 22m 24m 26m ZBm 30m Z2m 3dm Bm 40m b5

Figure 3. Simulation results-input and output of T-Flip-Flop with Preset and Clear
Top

References
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T-Flip-Flop with Active-Low Preset and Clear

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example

* References
Description

The component represents a positive-edge triggered basic T Flip-Flop with active-low preset
and clear.

Top

Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

CLK CLR PST T Q QB
0 1 1 T NC NC
X 0 1 T 0 1

X 1 0 T 1 0

1 1 1 0 NC NC
1 1 1 1 Q' QB
NC=No Change

X=Don'’t Care
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Top
Netlist Syntax
COUPL fftcpal ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk

= @clk, tin := @tin, pst := @pst, clr:= @clr ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit 0’
positive edge
tin Toggle Input bit '0'
pst Asynchronous Active-Low Pre- | bit 1
set Signal
clr Asynchronous Active-Low Clear | bit 1
Signal
t prop Propagation Time real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
gb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the T-Flip-Flop with Active-Low Preset and Clear.
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I_ICLK e
PST3[ I>‘)‘1
I_ICLK
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Figure 2. Application example of the T-Flip-Flop with Active-Low Preset and Clear

Table 4. System Parameters

Component Parameter | Value [unit]
ped 20m [S]
Clock Source T3
del 0[S]
periodical 1.0
ped 4m [S]
Clock Source CLK3
del 0[S]
periodical 1.0
ped 10m [S]
Clock Source CLR3
del 15m [S]
periodical 0
Clock Source PST3 ped 8m [S]
del 20m [S]
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periodical 0
tp_Ih 0[S]
Inverter inv1
tp_hl 0[S]
X CLR3.val
tp_Ih 0[S]
Inverter inv2
tp_hl 0[S]
X PST3.val
t prop 0.0[S]
clk CLKS3.val
T-Flip-Flop with Active-Low Preset and
Clear fftcp1 tin T3.val
clr inv1.y
pst inv2.y

L1 1] Pﬂ N

| ttopall tn

ST T

O Zm dm &m Sm 10m 12m 1dm 18m 18m 30m 22m 2dm 2Bm 28m Z0m 32m 3d4m 3Bm A0m i

l
I
I
1
1
1

Figure 3. Simulation results-input and output of T-Flip-Flop with Active-Low Preset and Clear
Top
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Latches

The latches can be used in simple sequential digital circuit simulations with propagation delays.
The models operate on digital signals of type BIT. Delays are specified in terms of propagation
delays (t_prop).

All models are positive edge triggered and some have the capability of having the outputs preset
to'1' or cleared to '0' through asynchronous PST and CLR inputs. If both PST and CLR inputs
are active at the same time, priority is given to the PST input.

* Basic D-Latch (Id)
 D-Latch with asynchronous preset and clear (Idcp)
* D Latch with asynchronous active-low preset and clear (Idcpal)

 Basic SR-Latch (Isr)
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Basic D-Latch

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

5

Latch

18

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a positive-edge triggered basic D-Latch.

Top
Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

CLK D Q QB
0 D NC NC
1 0 0 1

1 1 1 0
NC=No Change

Top
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Netlist Syntax

COUPL Id ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk :=
@clk , din := @din ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:-
:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit '0'
positive edge
din Data Input bit '0'
t prop Propagation Time real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
qgb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the Basic D-Latch.

b

Latch

R

5

D1 I__n "
—

CLK
CLK1 5

Figure 2. Application example of the Basic D-Latch

Table 4. System Parameters

Component Parameter Value [unit]

Clock Source D1
ped 12m [S]
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Top

del 0[S]

periodical 1.0

ped 8m [S]
Clock Source CLK1

del 0[S]

periodical 1.0

t prop 0.0[S]
Basic D-Latch I1d1

clk CLK1.val

din D1.val

bt 1k

0 Zm 4m B B 10 12m 140 16 18m 20m 22m 24m 26m 28m 30m 32 34m 36m

40m tfg]

Figure 3. Simulation results-input and output of Basic D-Latch
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Basic D-Latch with Preset and Clear

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a positive-edge triggered basic D-Latch with preset and clear.
Top
Assumptions and Limitations
Top
Mathematical Description

Table 1. Truth Table

CLK CLR PST D Q QB
0 0 0 D NC NC
X 1 0 D 0 1

X 0 1 D 1 0

1 0 0 0 0 1

1 0 0 1 1 0
NC=No Change

X=Don'’t Care
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Top
Netlist Syntax
COUPL Idcp ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk :=

@clk , din := @din, clr:= @clr, pst := @pst ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit 0’
positive edge
din Data Input bit '0'
pst Asynchronous Active-High Pre- | bit '0'
set Signal
clr Asynchronous Active-High bit '0'
Clear Signal
t prop Propagation Time real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
gb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the D-Latch with Preset and Clear.
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Figure 2. Application example of the D-Latch with Preset and Clear

Table 4. System Parameters

Component Parameter Value [unit]
ped 10m [S]
Clock Source D2
del 0[S]
periodical 1.0
ped 4m [S]
Clock Source CLK2
del 0[S]
periodical 1.0
ped 10m [S]
Clock Source CLR2
del 15m [S]
periodical 0
ped 8m [S]
Clock Source PST2
del 20m [S]
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periodical 0

t prop 0.0[S]

clk CLK2.val
D-Latch with Preset and Clear Idcp1 )

din D2.val

clr CLR2.val

pst PST2.val

L L L LA LT L] Fn LI [ s

I i Iipt.gh
- = l__ " . - e H -

0 2 4m G Bra 10 12m 14m 16m 18m 20 22 24 268m 28m 30 33me 34 J68m 40mm 1 [5]

Figure 3. Simulation results-input and output of Basic D-Latch with Preset and Clear
Top
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Basic D-Latch with Active-Low Preset and Clear

Library: Digital

Modeling Language: VHDL

Version Number: Twin Builder 2024.2

* Description

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

e Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a positive-edge triggered D-Latch with active-low preset and clear.

Top

Assumptions and Limitations

Top

Mathematical Description

Table 1. Truth Table

CLK CLR PST D Q QB
0 1 1 D NC NC
X 0 1 D 0 1

X 1 0 D 1 0

1 1 1 0 0 1

1 1 1 1 1 0
NC=No Change

X=Don'’t Care
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Top
Netlist Syntax
COUPL Idcpal ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk

= @clk, din := @din, clr:= @clr, pst := @pst ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock input, data transferred at bit 0’
positive edge
din Data Input bit '0'
pst Asynchronous Active-Low Pre- | bit 1
set Signal
clr Asynchronous Active-Low Clear | bit 1
Signal
t prop Propagation Time real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
gb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the D-Latch with Active-Low Preset and Clear.
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PST3

D3

CLK3

CLR3
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Figure 2. Application example of the D-Latch with Active-Low Preset and Clear

Table 4. System Parameters

Component Parameter Value [unit]

ped 10m [S]
Clock Source D3

del 0[S]

periodical 1.0

ped 4m [S]
Clock Source CLK3

del 0[S]

periodical 1.0

ped 10m [S]
Clock Source CLR3

del 15m [S]

periodical 0

ped 8m [S]
Clock Source PST3

del 20m [S]

periodical 0

tp_Ih 0[S]
Inverter inv1

tp_hl 0[S]

X CLR3.val

tp_Ih 0[S]
Inverter inv2

tp_hl 0[S]

X PST3.val
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t prop 0.0[S]
clk CLK3.val
D-Latch with Active-Low Preset and
Clear Idcpal1 din D3.val
clr inv1.y
pst inv2.y

T A T

| | | T 1 | \depall din

|
|
|
I
N N T 1 A
I T 1 1 igepit qb

0 Zm d4m Bm 8m 10m 12m 14m 16m 18m 20m 22 Z4m Z6m Z8m 30m 32m 34m 36m 40m t[s]

Figure 3. Simulation results-input and output of D-Latch with Active-Low Preset and Clear
Top
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SR Latch Based on NOR Logic

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

Latch

= 21—

R IG“!EIF—

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

The macro represents a SR Latch based on NOR logic.

Top
Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

S R Q QB

0 0 NC NC

0 1 0 1

1 0 1 0

1 1 ubD ubD
NO=No Change, UD=Undefined

Top
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Netlist Syntax

COUPL Isr ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, s :=@s
,r:=@r)DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:=VHDLA,
Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
s Set Input bit '0'
r Reset Input bit '0'
t prop Propagation Time | real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q Data Output Output bit
qgb Complemented Data Output Output bit
Top
Example

This example illustrates the use of the SR Latch Based on NOR Logic.

| o
S B L |
I s ol
Latch
Q8 JO=-
Tk 1
R [

Figure 2. Application example of the SR Latch Based on NOR Logic

Table 4. System Parameters

Component Parameter Value [unit]

Clock Source S ped 4m [S]
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del 0[S]

periodical 1.0

ped 8m [S]
Clock Source R

del 0[S]

periodical 1.0

t prop 0.5m[S]
SR Latch Isr1

S S.val

r R.val

0 2m 4m Br Ben 10e 12e 14 18en 18 20 22 24 26 28 30m 32 3dm 360 406 L[]

Figure 3. Simulation results-input and output of SR Latch
Top
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Logic Blocks

The logic blocks can be used to simulate simple digital circuits for combinational circuits with
delays. The models operate on digital signals of type BIT. Delays are expressed in terms of rise
time delay (tp_lh) and fall time delay (tp_hl).

* Two-Bit Comparator (cmp2)

* 2-to-4 Line Decoder (dec2_4)

* 2-to-1 Multiplexer (mux2_1)

* 4-to-1 Multiplexer (mux4_1)

* Four Bit Bidirectional Serial Shift Register (sr4)
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Two-Bit Comparator

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example

* References
Description

The component represents a two-bit comparator. The comparator operates on digital signals of
type BIT. It compares the two input two-bit vector values and indicates the result with a'1' on one
of the three outputs, greater than, less than, or equal to lines. Delays are specified in terms of
propagation delays (t_prop).

Top

Assumptions and Limitations

Top

Mathematical Description

Top

Netlist Syntax

COUPL cmp2 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, x1
= @x1, x1[1] := @x1[1], x1[0] := @x1[0], X2 := @x2 , x2[1] := @x2[1], x2[0] := @x2[0] ) DST:

SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:=VHDLA, Lvl:-
=\W'@Architecture\\"); ;
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Top
Parameters
Table 1
Name Description Data Default Value
Type [Unit]
x1 Two-bit Input Signal Vector | bit_vec- | '0'
X1 tor
X2 Two-bit Input Signal Vector | bit_vec- | '0'
X2 tor
t prop Propagation Time real 0.0 [s]
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
Ito Less than Output (X1<X2) Output bit
eqo Equal to Output (X1=X2) Output bit
gto Greater than Output (X1>X2) [ Output bit
Top
Example

See Two-Bit Comparator Example

References
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Two-Bit Comparator Example

This example illustrates the use of the Two-Bit Comparator. Inputs to the comparator are sup-
plied by the Two-Bit Vector Source.

CMP_X1
||—-| VEC2
|

L]

] ez
d

CMP_X2

Figure 1. Application example of the Two-Bit Comparator

Table 1. System Parameters

Component Parameter Value [unit]
Two-Bit Vector Source CMP_X1 ped 4m [S]

del 10m [S]
Two-Bit Vector Source CMP_X2 ped 5m [S]

del 0[S]

t_prop 0[S]
Comparator cmp21

x1 CMP_X1.val

X2 CMP_X2.val
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cmpll.xl
| [ | | cmpdt.xl[1]

! ¥ [ ] cmpdl. e
| cmp2l.eqo

| ey | cmpdi gl

0 2m 4m GBrm Bm 10m 12m 14m 16m 18m 0m Z2m 24 2B6m 28 30m 32m Jdem 36m 40m t 3]

Figure 2. Simulation results-input and output of the Two-Bit Comparator
Top
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2-to-4 Line Decoder

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

DEC 4
1] T

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example

* References
Description

The component represents a two-to-four line decoder. The decoder operates on digital signals
of type BIT. Depending on the coded value available in the two-bit input line, the decoder model
indicates a result of '1' in one of the four output lines. Delays are specified in terms of propaga-
tion delays (t_prop).

Top

Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

X0 X1 YO Y1 Y2 Y3
0 0 1 0 0 0
0 1 0 1 0 0
1 0 0 0 1 0
1 1 0 0 0 1

Top
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Netlist Syntax

COUPL dec2_4 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, x0
= @x0, x1:=@x1)DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:-
:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x0 Input Signal X1 bit ‘0’
x1 Input Signal X2 bit ‘0’
t prop Propagation Time | real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y0 Output Y1 Output bit
y1 Output Y2 Output bit
y2 Output Y3 Output bit
y3 Output Y4 Output bit
Top
Example

See 2-to-4 Line Decoder Example
Top

References
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2-to-4 Line Decoder Example

This example illustrates the use of the 2-to-4 Line Decoder. Inputs to the decoder are supplied
with Clock Sources.

DEC X0

I—jlp; DEC Etivn o

| 1] ] iy

M1 2 et

= | o
DEC_X1

Figure 1. Application example of the 2-to-4 Line Decoder

Table 1. System Parameters

Component Parameter Value [unit]

ped 15m [S]
Clock Source DEC_XO0

- del 0[S]

periodical 1.0 [S]

ped 30m [S]
Clock Source DEC_X1

del 0[S]

periodical 1.0[S]

t prop 0[S]
Decoder(2x4) dec2_41

x0 DEC_XO0.val

x1 DEC X1.val
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dec2_41.x1

| dec2 41 v0

dec2_41.y1

dec2_41.¥3

0 2m 4m Em Bm 10m 12m 14m 16m 18m 0m 22m 24m ZBm 2Bm 0m 2m 34m 3Bm 40m t [s]

Figure 2. Simulation results-input and output of the 2-to-4 Line Decoder

Digital Components 1-121
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Digital Elements

2-to-1 Multiplexer

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

HUX 21
w0

w1 "
SEL

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example

* References
Description

This component represents a two-by-one multiplexer. The multiplexer operates on digital signals
of type BIT. Depending on the input through the select line, one of the two inputs is transferred to
the output. Delays are specified in terms of propagation delays (t_prop).

Top

Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

SEL Y
0 X0
1 X1

Top
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Netlist Syntax

COUPL mux2_1 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop,
x0:=@x0, x1:=@x1, sel .= @sel ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x0 Input Signal X0 bit ‘0’
x1 Input Signal X1 bit ‘0’
sel Select Signal bit '0'
t prop Propagation Time real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

This example illustrates the use of the 2-to-1 Multiplexer.

MUX2_X0

CLK

MUX 21
bl

| ml—CLIH W v _a
| SEL

MUX2_X1

[} o
| L

MUX2_S
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Figure 2. Application example of the 2-to-1 Multiplexer

Table 4. System Parameters

Component Parameter Value [unit]
ped 2m[S]
Clock Source MUX2_X0
- del 0[S]
periodical 1.0[S]
ped 10m [S]
Clock Source MUX2_X1
del 0[S]
periodical 1.0 [S]
ped 20m [S]
Clock Source MUX2_S
del 0[S]
periodical 1.0[S]
t prop 0[S]
Multiplexer(2x1) mux2_11 X0 MUX2_X0.val
x1 MUX2_X1.val
sel MUX2_ S.val
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muz2_11.x1

L T

mux2 11y

L] LA

0 2m 4m Bm Bm 10m 12m 14m 16m 18m 20m 22m 24m 26m 28m 30m 32m 34m 3Em 40m 1 [5]

Figure 3. Simulation results-input and output of the 2-to-1 Multiplexer
Top

References
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4-to-1 Multiplexer

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

This component represents a four-by-one multiplexer. The multiplexer operates on digital sig-
nals of type BIT. Depending on the input through the two select lines, one of the four inputs is
transferred to the output. Delays are specified in terms of propagation delays (t_prop).

Top
Assumptions and Limitations
Top

Mathematical Description

Table 1. Truth Table

SO S1 Y

0 0 X1
0 1 X2
1 0 X3
1 1 X4

Top
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Netlist Syntax

COUPL mux4_1 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop,
x0:=@x0,x1:=@x1,x2:=@x2,x3 :=@x3, sel :=@sel, sel[1] := @sel[1], sel[0] := @sel[0])
DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:=VHDLA, Lvl:-
=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x0 Input Signal X1 bit ‘0’
x1 Input Signal X2 bit '0'
X2 Input Signal X3 bit '0'
x3 Input Signal X4 bit '0'
sel Select Vector bit '0'
t prop Propagation Time | real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y Output Y Output bit
Top
Example

This example illustrates the use of the 4-to-1 Multiplexer.
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X0

A1

X2

X3

SELO

SEL1

C
—

-
fud
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Eii]
W1
2
L]

MLUX 41
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B

:
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i

I_i LK
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Figure 2. Application example of the 4-to-1 Multiplexer

Table 4. System Parameters

Component Parameter Value [unit]
ped 0.5m [S]
Clock Source X0
del 0[S]
periodical 1.0 [S]
ped 1m [S]
Clock Source X1
del 0[S]
periodical 1.0[S]
ped 2m [S]
Clock Source X2
del 0[S]
periodical 1.0 [S]
Clock Source X3
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ped 4m[S]

del 0[S]

periodical 1.0[S]

ped 20m [S]
Clock Source SELO

del 0[S]

periodical 1.0 [S]

ped 40m [S]
Clock Source SEL1

del 0[S]

periodical 1.0[S]

t prop 0[S]

x0 X0.val

X1 X1.val
Multiplexer(4x1) mux4_11

X2 X2.val

x3 X3.val

sel(1) SEL1.val

sel(0) SELO.val
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Top

nnoonoonoonnnonooooonnnnnonionoonoonnnog ™"

muxd_11.sel

|rux-t_1 1 5.el['

| —— = A _11.20l[0

O 2 dm Bm Bm 10m 12m 14m 16m 18m 20m 22m 24m 26m 283m 30m 32m 34m 36m 40rn & [5]

Figure 3. Simulation results-input and output of the 4-to-1 Multiplexer
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Four Bit Bidirectional Serial Shift Register

Library: Digital

Modeling Language: VHDL

Version Number: Twin Builder 2024.2

* Description

Figure 1.

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

e Parameters

* Input/Output Quantities

* Example

* References

Description

Component symbol

This component represents a 4-bit bidirectional serial shift register with asynchronous clear (pos-
itive edge triggered) with parallel load. The register operates on digital signals of type BIT.
Delays are specified in terms of propagation delays (t_prop). The model can shift four bits of
data serially, either to the right (right input ='1") or to the left (right input ='0"). All four bits of data
can be loaded in the model in parallel (pll ='1', use d_in input)) or in serial (pll ='0', use s_in
input). Itis also possible to clear the data in the model using the asynchronous, active-high clear

input.
Top

Assumptions and Limitations

Top

Mathematical Description

Table 1. Truth Table

CLK CLR DAT SLOSR1 Q3 Q2 Q1 Q0
0 0 1 1 NC NC NC NC
0 1 1 1 0 0 0 0
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1 0 D1 0 D1 Q3 Q2 Q1
1 0 D2 0 D2 D1 Q3 Q2
1 0 D3 0 D3 D2 D1 Q3
1 0 D4 0 D4 D3 D2 D1
1 0 D5 1 D3 D2 D1 D5
1 0 D6 1 D2 D1 D5 D6
1 0 D7 1 D1 D5 D6 D7
1 0 D8 1 D5 D6 D7 D8
NC=No Change

Top
Netlist Syntax

COUPL sr4 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (t_prop := @t_prop, clk :=
@clk, clr:= @clr, pll :=@pll, d_in:=@d_in, d_in[3] := @d_in[3], d_in[2] := @d_in[2], d_in[1] :=
@d_in[1], d_in[0] := @d_in[0], s_in := @s_in, right := @right ) DST: SIM(Type:=SimVHDL)
SRC: DB(File:=@ModelLibraryName, Lang:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
clk Clock bit '0'
clr Asynchronous Active-High | bit 0’
Clear
pll Parallel/Serial Data Load bit '0'
right Right Direction of Serial bit '0'
Shift
s_in Serial Data Input bit '0'
d_in Parallel Data Input Vector bit '0'
t prop Propagation Time real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
q 4-Bit Output Vector Output bit
Top
Example

See Four Bit Bidirectional Serial Shift Register Example
Top
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References
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Four Bit Bidirectional Serial Shift Register Example

This example illustrates the use of the Four Bit Bidirectional Serial Shift Register. Inputs to the
shift register are supplied by Clock Sources and a Four-Bit Vector Source.

m GLK
CLR -
ﬁ CLE
RGT =
[ o f;‘: ol
PLL |——Pu_ G i}
SH G2 i)
SIN = o ere
DIN {5
CLK l'_i_'x

Figure 1. Application example of the Four Bit Bidirectional Serial Shift Register
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Table 1. System Parameters

Component Parameter Value [unit]

ped 5m[S]
Clock Source CLR

del 10m [S]

periodical 0[S]

ped 20m [S]
Clock Source RGT

del 0[S]

periodical 0[S]

ped 25m[S]
Clock Source PLL

del 0[S]

periodical 1.0 [S]

ped 6m [S]
Clock Source SIN

del 0[S]

periodical 1.0 [S]

ped 2m[S]
Clock Source CLK

del 0[S]

periodical 1.0 [S]
Four-Bit Vector Source DIN ped 1m [S]

del 0[S]
Shift Register sr41 t prop 0[S]
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clk CLK.val
clr CLR.val
oll PLL.val
d in DIN.val
s_in SIN.val
right RGT.val

| —1 srdl.clr

| —— srilpll

|  —— | O —— | = =srdl.d_in[3]

! [ 1 [ 1 [ 1 [ 1 — srdl.d_in[2)

| Y o 00 0 o S e BSOS e 0 e B s SO s N 11 B

! | o o O O O s O N s N e O O e O O O O O e O e O O e O O | =il 1 |I“_||||I-;

! | o 1 | I — | — — —1 — — sl 5_in

! [y srdl m;i'.

! — — I 1| ] srdl.g|3|

| | oy M 5 I s RS i i | ard1.q[1]

!  r—— o | [ 1 1 — EA r.||Li

L] Em 10m 15m Xm Xm 30m 3Bm  40mt|s]

Figure 2. Simulation results-input and output of the Four Bit Bidirectional Serial Shift Register
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Logic Gates

The logic gates can be used to simulate simple digital circuits for combinational circuits with
propagation delays. The components operate on digital signals of type BIT. Delays are
expressed in terms of rise time delay (tp_lh) and fall time delay (tp_hl).

* Two Input AND Gate (and2)

* Two Input AND Gate with One Inverted Input (and2b1)
* Three Input AND Gate (and3)

* Four Input AND Gate (and4)

* NOT Gate (inv)

* Two Input NAND Gate (nand2)

* Two Input NAND Gate with One Inverted Input (nand2b1)
* Three Input NAND Gate (nand3)

* Four Input NAND Gate (nand4)

* Two Input NOR Gate (nor2)

* Two Input NOR Gate with One Inverted Input (nor2b1)
* Three Input NOR Gate (nor3)

* Four Input NOR Gate (nor4)

* Two Input OR Gate (or2)

* Two Input OR Gate with One Inverted Input (or2b1)

* Three Input OR Gate (or3)

* Four Input OR Gate (or4)

* Two Input XNOR Gate (xnor2)

* Three Input XNOR Gate (xnor3)

* Two Input XOR Gate (xor2)

* Three Input XOR Gate (xor3)
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Two Input AND Gate

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

AMDZ

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a two input AND gate.
Top
Assumptions and Limitations
Top
Mathematical Description

The output Y can be expressed as:

Y=X1 AND X2
Table 1. Truth Table
X2 X1 Y
0 0 0
0 1 0
1 0 0
1 1 1
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Top
Netlist Syntax

COUPL and2 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih := @tp_lh, tp_hl :=
@tp_hl, x1:=@x1,x2:=@x2 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: AND & NAND
Top

References
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Two Input AND Gate with One Inverted Input

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

ANDZET

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a two input AND gate with inverted input X2.
Top
Assumptions and Limitations
Top
Mathematical Description

The output Y can be expressed as:

Y =X1 AND X2'
Table 1. Truth Table
X2 X1 Y
0 0 0
0 1 1
1 0 0
1 1 0
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Top
Netlist Syntax

COUPL and2b1 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih := @tp_lh, tp_hl
=@tp_hl, x1:=@x1,x2:=@x2)DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: AND & NAND
Top

References
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Three Input AND Gate

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

— ANDE

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a three input AND gate.
Top
Assumptions and Limitations
Top
Mathematical Description
The output Y can be expressed as:

Y =X1 AND X2 AND X3
Table 1. Truth Table

X3 X2 X1 Y
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 0
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Top
Netlist Syntax

COUPL and3 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_lh := @tp_Ih , tp_hl :=
@tp_hl, x1:=@x1,x2:=@x2, x3 := @x3 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-

Al alala
e el K=l K =)

el K=l K=l k=)

= Ol =~ O

:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
x3 Input Signal X3 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: AND & NAND
Top

References
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Four Input AND Gate

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

AMDS

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a four input AND gate.
Top
Assumptions and Limitations
Top
Mathematical Description
The output Y can be expressed as:

Y =X1 AND X2 AND X3 AND X4
Table 1. Truth Table

X4 X3 X2 X1 Y
0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 0
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Al alalalalalalalo|lo|lo|o
el el el el K= K= K=) K= B I IR I
el e K= K=l B B K=l K=l B B K=l k=)
el K= Bl K=l B K=l B =) B K=l ] K=
e k=l k=l k=l =] ol fol fo] o] o] o] fo

Top
Netlist Syntax

COUPL and4 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih:= @tp_lh, tp_hl:=
@tp_hl, x1:=@x1,x2:=@x2,x3:=@x3, x4 := @x4 ) DST: SIM(Type:=SimVHDL) SRC: DB
(File:=@ModelLibraryName, Lang:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
x2 Input Signal X2 bit '0'
x3 Input Signal X3 bit '0'
x4 Input Signal X4 bit '0'
tp_Ih Rise Time Delay real 0.0[s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y Output Y Output bit
Top
Example

See Logic Gates Example: AND & NAND
Top
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References
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Inverter Gate

Library: Digital

Modeling Language: VHDL Version Number: Twin Builder 2024.2

* Description

—{>o-

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

e Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a Inverter gate.

Top

Assumptions and Limitations

Top

Mathematical Description

Top

Table 1. Truth Table

X1 Y
0 1
1 0
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Netlist Syntax

COUPL inv ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_lh := @tp_Ih, tp_hl:=
@tp_hl, x:= @x ) DST: SIM(Type:=SimVHDL) SRC: DB(File:=@ModelLibraryName, Lang:-
:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
X Input Signal X bit '0'
tp_Ih Rise Time Delay real 0.0[s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y Output Y Output bit
Top
Example

See Logic Gates Example: XOR & XNOR & INV
Top

References
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Two Input NAND Gate

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

MNANDZ

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a two input NAND gate.

Top

Assumptions and Limitations
Top

Mathematical Description

The output Y can be expressed as:

Y=NOT(X1 AND X2)

Table 1. Truth Table

X2 X1 Y
0 0 1
0 1 1
1 0 1
1 1 0
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Top
Netlist Syntax

COUPL nand2 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih := @tp_lh, tp_hl
=@tp_hl, x1:=@x1,x2:=@x2)DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: AND & NAND
Top

References
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Twin Builder Components: Digital Elements

Two Input NAND Gate with One Inverted Input

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

ANDZ Rl )=

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a two input NAND gate with inverted input X2.
Top
Assumptions and Limitations
Top
Mathematical Description
The output Y can be expressed as:

Y=NOT (X1 AND X2')
Table 1. Truth Table

X2 X1 Y
0 0 1
0 1 0
1 0 1
1 1 1
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Top
Netlist Syntax

COUPL nand2b1 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih := @tp_lh , tp_
hl:= @tp_hl, x1:=@x1, x2 := @x2 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: AND & NAND
Top

References
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Twin Builder Components: Digital Elements

Three Input NAND Gate

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

—{nanes|()-

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a three input NAND gate.
Top
Assumptions and Limitations
Top
Mathematical Description
The output Y can be expressed as:
Y=NOT(X1 AND X2 AND X3)

Table 1. Truth Table

X3 X2 X1 Y
0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
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Top
Netlist Syntax

COUPL nand3 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih := @tp_lh, tp_hl
=@tp_hl, x1:=@x1,x2:=@x2,x3:=@x3)DST: SIM(Type:=SimVHDL) SRC: DB(File:-

Al alala
e el K=l K =)

= Ol —=|0O
(e JEEN EEN JEEN

:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
x3 Input Signal X3 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: AND & NAND

Top

References
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Twin Builder Components: Digital Elements

Four Input NAND Gate

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

NAND4

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a four input NAND gate.
Top
Assumptions and Limitations
Top
Mathematical Description
The output Y can be expressed as:
Y=NOT(X1 AND X2 AND X3 AND X4)

Table 1. Truth Table

X4 X3 X2 X1 Y
0 0 0 0 1
0 0 0 1 1
0 0 1 0 1
0 0 1 1 1
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Top
Netlist Syntax

COUPL nand4 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih:= @tp_Ih, tp_hl
=@tp_hl, x1:=@x1,x2:=@x2,x3:=@x3, x4 := @x4 ) DST: SIM(Type:=SimVHDL) SRC:
DB(File:=@ModelLibraryName, Lang:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
x2 Input Signal X2 bit '0'
x3 Input Signal X3 bit '0'
x4 Input Signal X4 bit '0'
tp_Ih Rise Time Delay real 0.0[s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y Output Y Output bit
Top
Example

See Logic Gates Example: AND & NAND
Top
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References
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Twin Builder Components: Digital Elements

Two Input NOR Gate

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a two input NOR gate.

Top

Assumptions and Limitations
Top

Mathematical Description

The output Y can be expressed as:

Y=NOT(X1 OR X2)

Table 1. Truth Table

X2 X1 Y
0 0 1

0 1 0
1 0 0
1 1 0
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Top
Netlist Syntax

COUPL nor2 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_lh := @tp_Ih , tp_hl :=
@tp_hl, x1:=@x1,x2:=@x2 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: OR & NOR
Top

References
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Twin Builder Components: Digital Elements

Two Input NOR Gate with One Inverted Input

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

NORZE1)(T)-
]

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a two input NOR gate with inverted input X2.
Top
Assumptions and Limitations
Top
Mathematical Description
The output Y can be expressed as:

Y=NOT(X1 OR X2")
Table 1. Truth Table

X2 X1 Y
0 0 0
0 1 0
1 0 1

1 1 0
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Top
Netlist Syntax

COUPL nor2b1 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_lh := @tp_Ih, tp_hl
=@tp_hl, x1:=@x1,x2:=@x2)DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: OR & NOR
Top

References
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Twin Builder Components: Digital Elements

Three Input NOR Gate

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a three input NOR gate.

Top

Assumptions and Limitations
Top

Mathematical Description

The output Y can be expressed as:

Y=NOT(X1 OR X2 OR X3)

Table 1. Truth Table

X3 X2 X1 Y
0 0 0 1

0 0 1 0
0 1 0 0
0 1 1 0

Digital Components 1-162
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.




Twin Builder Components: Digital Elements

Top
Netlist Syntax

COUPL nor3 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih := @tp_Ih, tp_hl :=
@tp_hl, x1:=@x1,x2:=@x2, x3 := @x3 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-

Al alala
e el K=l K =)

= Ol —=|0O
o|o|o| o

:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
x3 Input Signal X3 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: OR & NOR
Top

References
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Twin Builder Components: Digital Elements

Four Input NOR Gate

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

NOR<

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a four input NOR gate.

Top

Assumptions and Limitations

Top

Mathematical Description

The output Y can be expressed as:

Y=NOT(X1 OR X2 OR X3 OR X4)

Table 1. Truth Table

X4 X3 X2 X1 Y
0 0 0 0 1

0 0 0 1 0
0 0 1 0 0
0 0 1 1 0
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Top
Netlist Syntax

COUPL nor4 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_lh:=@tp_Ih,tp_hl:=
@tp_hl, x1:=@x1,x2:=@x2,x3:=@x3, x4 := @x4 ) DST: SIM(Type:=SimVHDL) SRC: DB
(File:=@ModelLibraryName, Lang:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
x2 Input Signal X2 bit '0'
x3 Input Signal X3 bit '0'
x4 Input Signal X4 bit '0'
tp_Ih Rise Time Delay real 0.0[s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y Output Y Output bit
Top
Example

See Logic Gates Example: OR & NOR
Top
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References
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Twin Builder Components: Digital Elements

Two Input OR Gate

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a two input OR gate.
Top
Assumptions and Limitations
Top
Mathematical Description

The output Y can be expressed as:

Y =X1 OR X2
Table 1. Truth Table
X2 X1 Y
0 0 0
0 1 1
1 0 1
1 1 1
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Top
Netlist Syntax

COUPL or2 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih := @tp_lh , tp_hl :=
@tp_hl, x1:=@x1,x2:=@x2 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: OR & NOR
Top

References
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Twin Builder Components: Digital Elements

Two Input OR Gate with One Inverted Input

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

ORZB1

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a two input OR gate with inverted input X2.
Top
Assumptions and Limitations
Top
Mathematical Description

The output Y can be expressed as:

Y=X1OR X2'
Table 1. Truth Table
X2 X1 Y
0 0 1
0 1 1
1 0 0
1 1 1
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Top
Netlist Syntax

COUPL or2b1 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_lh := @tp_Ih , tp_hl
=@tp_hl, x1:=@x1,x2:=@x2)DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: OR & NOR
Top

References
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Twin Builder Components: Digital Elements

Three Input OR Gate

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a three input OR gate.

Top

Assumptions and Limitations
Top

Mathematical Description

The output Y can be expressed as:

Y=X1 OR X2 OR X3

Table 1. Truth Table

X3 X2 X1 Y
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
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Top
Netlist Syntax

COUPL or3 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_lh := @tp_Ih , tp_hl :=
@tp_hl, x1:=@x1,x2:=@x2, x3 := @x3 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-

Al alala
e el K=l K =)

_— A A

= Ol =~ O

:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
x3 Input Signal X3 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: OR & NOR

Top

References
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Twin Builder Components: Digital Elements

Four Input OR Gate

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

OR4

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a four input OR gate.
Top
Assumptions and Limitations
Top
Mathematical Description
The output Y can be expressed as:

Y=X1 OR X2 OR X3 OR X4
Table 1. Truth Table

X4 X3 X2 X1 Y
0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 0 1 1 1
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Top
Netlist Syntax

COUPL or4 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_lh := @tp_Ih, tp_hl:=
@tp_hl, x1:=@x1,x2:=@x2,x3:=@x3, x4 := @x4 ) DST: SIM(Type:=SimVHDL) SRC: DB
(File:=@ModelLibraryName, Lang:=VHDLA, Lvl:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
x2 Input Signal X2 bit '0'
x3 Input Signal X3 bit '0'
x4 Input Signal X4 bit '0'
tp_Ih Rise Time Delay real 0.0[s]
tp_hl Fall Time Delay real 0.0[s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y Output Y Output bit
Top
Example

See Logic Gates Example: OR & NOR
Top
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Twin Builder Components: Digital Elements

Two Input XNOR Gate

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a two input XNOR gate.
Top
Assumptions and Limitations
Top
Mathematical Description
The output Y can be expressed as:

Y=NOT(X1 XOR X2)
Table 1. Truth Table

X2 X1 Y
0 0 1
0 1 0
1 0 0
1 1 1
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Top
Netlist Syntax

COUPL xnor2 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih := @tp_lh, tp_hl :=
@tp_hl, x1:=@x1,x2:=@x2 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: XOR & XNOR & INV
Top

References
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Twin Builder Components: Digital Elements

Three Input XNOR Gate

Library: Digital

Modeling Language: VHDL

Version Number: Twin Builder 2024.2

* Description

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

e Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a three input XNOR gate.

Top

Assumptions and Limitations

Top

Mathematical Description

The output Y can be expressed as:

Y=NOT(X1 XOR X2 XOR X3)

Table 1. Truth Table

X3 X2 X1 Y
0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 1
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Top
Netlist Syntax

COUPL xnor3 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_lh := @tp_Ih, tp_hl :=
@tp_hl, x1:=@x1,x2:=@x2, x3 := @x3 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
x3 Input Signal X3 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
Y OutputY Output bit
Top
Example

See Logic Gates Example: XOR & XNOR & INV
Top

References
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Two Input XOR Gate

Library: Digital Modeling Language: VHDL Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
The component represents a two input XOR gate.
Top
Assumptions and Limitations
Top
Mathematical Description

The output Y can be expressed as:

Y=X1 XOR X2
Table 1. Truth Table
X2 X1 Y
0 0 0
0 1 1
1 0 1
1 1 0
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Top
Netlist Syntax

COUPL xor2 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_Ih := @tp_lh, tp_hl :=
@tp_hl, x1:=@x1,x2:=@x2 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-
:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: XOR & XNOR & INV
Top

References
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Three Input XOR Gate

Library: Digital Modeling Language: VHDL

Version Number: Twin Builder 2024.2

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Parameters

* Input/Output Quantities

* Example

* References

Description

The component represents a three input XOR gate.

Top

Assumptions and Limitations
Top

Mathematical Description

The output Y can be expressed as:

Y=X1XOR X2 XOR X3

Table 1. Truth Table

X3 X2 X1 Y
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
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Top
Netlist Syntax

COUPL xor3 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) (tp_lh := @tp_lh, tp_hl :=
@tp_hl, x1:=@x1,x2:=@x2, x3 := @x3 ) DST: SIM(Type:=SimVHDL) SRC: DB(File:-

Al alala
e el K=l K =)

= Ol =~ O

:=@ModelLibraryName, Lang:=VHDLA, LvI:=\\"@Architecture\\"); ;

Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
x1 Input Signal X1 bit '0'
X2 Input Signal X2 bit '0'
x3 Input Signal X3 bit '0'
tp_Ih Rise Time Delay real 0.0 [s]
tp_hl Fall Time Delay real 0.0 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
y OutputY Output bit
Top
Example

See Logic Gates Example: XOR & XNOR & INV

Top

References
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Logic Gates Example: AND & NAND

This example illustrates the use of the AND and NAND Logic Gates.
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Figure 1. Application example of the AND and NAND Logic Gates
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Table 1. System Parameters

Component Parameter Value
[unit]
ped 2m [S]
Clock Source X1
del 0[S]
periodical 1.0
ped 4m [S]
Clock Source X2
del 0[S]
periodical 1.0
ped 8m [S]
Clock Source X3
del 0[S]
periodical 1.0
ped 16m [S]
Clock Source X4
del 0[S]
periodical 1.0
tp_lh 0.0[S]
2-input AND Gate and21 tp_hl 0.0[S]
X1 X1.val
X2 X2.val
tp_lh 0.0 [S]
3-input AND Gate and31
tp_hl 0.0 [S]
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X1 X1.val
X2 X2.val
x3 X3.val
tp_lh 0.0[S]
tp_hl 0.0[S]
4-input AND Gate and41 x1 X1.val
X2 X2.val
x3 X3.val
x4 X4 .val
tp_lh 0.0[S]
2-input AND Gate with inverted input tp_hl 0.0[S]
and2b11
x1 X1.val
X2 X2.val
tp_lh 0.0[S]
2-input NAND Gate nand21 tp_hl 0.0[S]
X1 X1.val
X2 X2.val
tp_lh 0.0[9]
3-input NAND Gate nand31 tp_hi 0.0[8]
X1 X1.val
X2 X2.val
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x3 X3.val
tp_lh 0.0 [S]
tp_hl 0.0 [S]
4-input NAND Gate nand41 x1 X1.val
X2 X2.val
x3 X3.val
x4 X4 .val
tp_lh 0.0 [S]
2-input NAND Gate with inverted input tp_hl 0.0[S]
nand2b11
X1 X1.val
X2 X2.val

0 im2m3ImdmSmEmImamam  Tim 13m 15m ITm 19m 2 23m 25m ITm 29m 3m 33m 30m 3Tm 40 | [3)
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Figure 2. Simulation results-input to logic gates.
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Figure 3. Simulation results-output of AND gate logic.
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Figure 4. Simulation results-output of NAND gate logic.
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Logic Gates Example: OR & NOR

This example illustrates the use of the AND and NAND Logic Gates.
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Figure 1. Application example of the OR and NOR Logic Gates
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Table 1. System Parameters

Component Parameter Val.ue
[unit]
ped 2m [S]
Clock Source X1
del 0[S]

periodical 1.0

ped 4m [S]
Clock Source X2

del 0[S]

periodical 1.0

ped 8m [S]
Clock Source X3

del 0[S]

periodical 1.0

ped 16m [S]
Clock Source X4

del 0[S]

periodical 1.0

tp_lh 0.0[S]
2-input OR Gate or21 tp_hl 0.0 [S]

x1 X1.val

x2 X2.val

tp_lh 0.0 [S]
3-input OR Gate or31

tp_hl 0.0 [S]
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x1 X1.val
X2 X2.val
x3 X3.val
tp_lh 0.0 [S]
tp_hl 0.0[S]
4-input OR Gate or41 x1 X1.val
X2 X2.val
X3 X3.val
x4 X4 .val
tp_lh 0.0 [S]
2-input OR Gate with inverted input tp_hl 0.0[S]
or2b11
x1 X1.val
X2 X2.val
tp_lh 0.0[S]
2-input NOR Gate nor21 tp_hl 0.0[8]
X1 X1.val
X2 X2.val
tp_lh 0.0[S]
3-input NOR Gate nor31 tp_hl 0.0[8]
X1 X1.val
X2 X2.val
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x3 X3.val
tp_lh 0.0[S]
tp_hl 0.0[S]
4-input NOR Gate nor41 x1 X1.val
X2 X2.val
x3 X3.val
x4 X4.val
tp_lh 0.0[S]
2-input NOR Gate with inverted input tp_hl 0.0[S]
nor2b11
X1 X1.val
X2 X2.val

QImam3m4mSmEmimaBm3m  19m 13m 15m 1Tm 19w Am ZDm I5m 2Tm Fm 3w 33m 35 3Wmo 40m L[]
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Figure 2. Simulation results-input to logic gates.
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Figure 3. Simulation results-output of OR gate logic.
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Figure 4. Simulation results-output of NOR gate logic.
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Logic Gates Example: XOR & XNOR & INV

This example illustrates the use of the XOR and XNOR Logic Gates and the INV gate.

I

Figure 1. Application example of the XOR and XNOR Logic Gates and the INV gate

Table 1. System Parameters

Component Parameter Value [unit]
ped 4m [S]
Clock Source X1
del 0[S]
periodical 1.0
Clock Source X2
ped 8m [S]
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del 0[S]
periodical 1.0
ped 16m [S]
Clock Source X3
del 0[S]
periodical 1.0
tp_lh 0.0[S]
2-input XOR Gate xor21 tp_hl 0.0[8]
x1 X1.val
X2 X2.val
tp_lh 0.0[S]
tp_hl 0.0[S]
3-input XOR Gate xor31
x1 X1.val
X2 X2.val
x3 X3.val
tp_lh 0.0[S]
2-input XNOR Gate xnor21 tp_hl 0.0[S]
x1 X1.val
X2 X2.val
tp_th 0.0[S]
3-input XNOR Gate xnor31
tp_hl 0.0[S]
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x1 X1.val

X2 X2.val

x3 X3.val

tp_Ih 0.0[S]
Inverter Gate inv1

tp_hl 0.0[S]

x1 X1.val

0 ¥m 4m &m Em 10m 1Zm 14m §6m 12m 20m Xm 2dm 2m Bm XWm Xim dem 26m d0m ¢ [5]

Figure 2. Simulation results-input to logic gates.
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Figure 3. Simulation results-output of INV gate logic.
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Figure 4. Simulation results-output of XOR gate logic.
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Figure 5. Simulation results-output of XNOR gate logic.
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